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THOMAS N. LIPPE, APC

201 Mission Street Telephone: 415-777-5604
                  12th Floor  Facsimile:  415-777-5606
San Francisco, California 94105 Email: Lippelaw@sonic.net

November 2, 2015

Ms Tiffany Bohee
OCII Executive Director
c/o Mr. Brett Bollinger
San Francisco Planning Department
1650 Mission Street, Suite 400
San Francisco, CA 94103
warriors@sfgov.org

Re: Comments on Final Subsequent Environmental Impact Report for the
Warriors Arena Project Re Air Quality, Transportation, Hydrology, Water
Quality, Biological, and Noise Impacts

Dear Ms Bohee and Mr. Bollinger:

This office represents the Mission Bay Alliance (“Alliance”), an organization dedicated to
preserving the environment in the Mission Bay area of San Francisco, regarding the project known
as the Event Center and Mixed Use Development at Mission Bay Blocks 29-32 (“Warriors Arena
Project” or “Project”).  The Mission Bay Alliance objects to approval of this Project and certification
of the Final Subsequent Environmental Impact Report (FSEIR).  

The Alliance incorporates by reference, as comments on the FSEIR and Responses to
Comments (RTC), the contents of Exhibits A through S identified in the list of exhibits at the end
of this letter.

General Comment 1.  Many of the responses to comments reflect a basic misunderstanding
of the relationship, under CEQA, between determination of significance, the feasibility and
effectiveness of mitigation measures, and whether social or economic considerations outweigh
environmental harm.  For projects for which an EIR has been prepared, both the EIR and the
mandatory findings required by CEQA section 21081, the analysis starts with whether an impact is
significant.  A finding of significance triggers the obligation to identify and adopt feasible mitigation
measures that are effective in substantially reducing the significant impact.  Once all feasible and
effective mitigation measures have been identified and adopted, if the impact remains significant,
the agency may approve the project if it finds that social or economic considerations outweigh
environmental harm.

Each of these steps in the analysis is distinct.  Here, many of the RTC’s responses to
comments conflate and confuse these steps, and thereby undermine the integrity of the analysis.  One
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example discussed below is Response NOI-2a regarding construction noise thresholds. 

General Comment 2.  The October 23, 2015, notice of publication of the Response to
Comments informed the public they would have no further opportunity to comment on the
FSEIR/RTC.  But the OCII hearing agenda for November 3, 2015 published on October 29, 2015,
suggests that public comment on the SFEIR/RTC will be heard at the hearing.  The October 23,
2015, notice of publication is inconsistent with CEQA section 21177(a), which contemplates public
comment on EIRs up to the end of the hearing at which the project is approved.  Therefore, the
October 23, 2015, notice of publication has frustrated the ability of the public to comment.  The OCII
should remedy this misstep by continuing its November 3, 2015, hearing on this Project and re-
noticing the hearing with full disclosure that the public may comment on the FSEIR/RTC.

I. Air Quality Impacts.

The Alliance’s comments on the Responses to Comments related to Air Quality issues are
set forth in the November 2, 2015, letter from John Farrow attached as Exhibits A and B, the
November 2, 2015, letter from Greg Gilbert attached as Exhibit C, and in this letter.

A. The Response to Comment AQ-6a is Inadequate.

Mitigation Measure M-AQ-1 requires the use of Tier 2 or better engines for all off-road
equipment. The “step-downs” from Tier 4 to Tier 3 to Tier 2, or from Tier 3 to Tier 2, are allowed
when Tier 4 (or Tier 3) is not “commercially available.”  But step-downs from Tier 2 are not
available under any scenario.

Mr. Gilbert’s July 19, 2015, letter commented that this mitigation is not feasible because
there is not enough Tier 2 or better equipment available for the Project Sponsor to use.  The response
to this comment states that “in 2014 approximately 59 percent of all off-road equipment in the state
were operating with Tier 2 engines or better” and, therefore, it appears the measure is feasible. (RTC,
p. 13.13-53.)

But the response does not specify whether the diesel off-road equipment sampled included
equipment in private or government fleets that are not potentially available to the Project Sponsor
to use, or alternatively, whether it consisted only of equipment that is potentially available to the
Project Sponsor to use.  If the former is true, then the 59% sampling result is meaningless, because
the relevant population to sample is equipment that is potentially available to the Project Sponsor
to use.  A review of Figure 4 in the document cited in footnote 20 on RTC page 13.13-53 appears
to indicate that the population of equipment sampled is all equipment, including equipment that is
not potentially available to the Project Sponsor to use.  Therefore, the 59% sampling result appears
to be meaningless. 
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Moreover, even if the population of equipment sampled is equipment that is potentially
available for the Project Sponsor to use, the idea that the Project Sponsor will be able to acquire
100% of its equipment at Tier 2 or better when only 59% of the potentially available equipment is
Tier 2 or higher is illogical.  It is more plausible that the Project Sponsor will be able to acquire only
about 59% of its equipment at Tier 2 or better.

As stated in Mr. Gilbert’s November 2, 2015, report attached as Exhibit C:

Further, the statistic provided by the Lead Agency does not say that 59% of all
construction equipment vehicles in CA will meet Tier 2 or better status – rather, it
says that all offroad vehicles do (as of 2014). All offroad vehicles are not all
construction vehicles; in fact, construction vehicles are a small subset of all offroad
vehicles. Moreover, the rate of compliance for construction vehicles, particularly
large, expensive, long-lived ones (scrapers, excavators, pile drivers, etc.) will be far
lower than the average for all offroad vehicles that include such non-construction
equipment as ground support vehicles at airports, agricultural forklifts, and myriad
other offroad, nonconstruction equipment types. Because the statistic represents all
offroad vehicles in CA and not construction vehicles, it cannot be used to even
roughly determine the proportion of construction vehicles supposedly available to the
project with Tier 2 engines, VDECs, and 40% NOx control; hence, the statistic is
irrelevant to the Events Center project environmental review and does nothing to
refute our concerns expressed clearly at the SDEIR review stage. 

(Exhibit C, p. 11.)

B. The Response to Comment AQ-6e is Inadequate.  

Mr Gilbert’s July 19, 2015, letter commented that:

Further, M-AQ-1 specifies numerous sub-part requirements (A 1 through 5) to be
included in the Construction Emissions Mitigation Plan, and in each case compliance
with those sub-parts is left to the “project sponsor”. So, too, is compliance with the
Measure’s additional duties required under M-AQ-1 items B and C. This is not
appropriate when considering the extent, complexity, and costs that will be incurred
for effective mitigation measure compliance across the 26-month construction
period; permitting the project sponsor to create, implement, report, and determine
compliance with the Measure is akin to having the fox guard the henhouse and must
not be allowed. As written, the measure is not enforceable due to the subjective,
undefined nature of “Air Quality Specialist” who will approve the project sponsor’s
Construction Emissions Mitigation Plan. Further, it is unacceptable that the Measure
will permit the project sponsor to determine compliance with each of the measure’s
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components, record and report information signifying compliance, and then, under
part C certify their own compliance with the Plan and its various requirements. We
have inspected construction project sites, under air district contract, to determine
compliance with air district-imposed construction equipment mitigations and have
found uniformly poor compliance; to exemplify, at one residential subdivision project
in south Sacramento County we determined that only one offroad construction
vehicle out of nearly twenty were actually compliant with the mitigation requirements
that had been imposed on the project by the Lead Agency. This is because there has
traditionally been very little, if any, post- EIR follow-through to verify mitigation
compliance by Lead Agencies or by the local air district after the CEQA project has
been approved for development and construction has started. Knowing this,
construction and development firms commonly let air quality mitigations go unmet,
although records purporting to show compliance can be easily formulated and
submitted post hoc in order to fulfill a paper requirement. Without an independent,
qualified 3rd party contractor onsite each day to track, verify, and record emissions-
and activity-related information on construction vehicles used at the project site to
ensure the EIR’s mitigations are implemented effectively, the project is very unlikely
to produce more than a token of the emission reductions claimed in the DSEIR.

The Responses to Comments (RTC) codes this comment as “AQ-6e.” (Volume 5, p. 13.13-
60.)  The response to comment AQ-6e states:   

The City and OCII have successfully monitored implementation of emissions
minimization requirements on numerous construction projects over the past several
years. Examples of past and ongoing projects with CEMP emissions minimization
requirements include Candlestick Point-Hunters Point Shipyard Phase II
Development Project, which requires staged increases in the percentage of Tier 4
equipment; the Seismic Upgrade of BDPL Nos. 3 & 4 at Hayward Fault Project,
which had one year of tiered engine requirements for on-road spoils hauling trucks
and off-road construction equipment; and the Pacific Rod and Gun Club Upland Soil
Remedial Action Project, which also had tiered engine requirements for off-road
construction equipment.

(Volume 5, p. 13.13-60.) 

The RTC’s assertion is made without any evidentiary support.  Well before the Response to
Comments issued, the Alliance attempted to discover if the City or the OCII have any evidence to
support the DSEIR’s assumption that the Project’s compliance with adopted air quality mitigation
measures will be effectively monitored.  In this regard, on August 13, 2015, I submitted a request
to the City and OCII for:
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All records relating to monitoring or enforcement of compliance with mitigation
measures adopted to reduce potentially significant air quality impacts of development
projects approved by the City, the Redevelopment Agency of the City and County of
San Francisco, or the Successor Agency to the Redevelopment Agency of the City
and County of San Francisco, including any records reflecting audits of such
compliance.

(See Exhibit D attached to this letter).  In my email to the OCII and City dated September 30, 2015,
I provided further definition to this request, stating:

With respect to all construction projects in these areas for which the EIR identified
significant air quality impacts from construction activities that could not be entirely
avoided, the City, Redevelopment Agency, or the Successor Agency would have
adopted mitigation measures to reduce the projects' significant air quality impacts and
would have adopted a Mitigation Monitoring and Reporting Plan ("MMRP").   These
MMRPs should have resulted in the generation of reports documenting the project's
compliance, or lack thereof, with these adopted air quality impact mitigation
measures.  I want to obtain these reports.”

(See my email exchanges between the OCII and City dated September 11 through September 30 of
2015, attached  as Exhibit E.)

Despite these requests, neither OCII nor the City have produced a single record showing they
have either themselves conducted monitoring of CEQA required air quality mitigation measures or
have taken steps to ensure that Project Sponsors tasked with self-monitoring their own compliance
have faithfully done so.  The agencies’ failure to produce any such records leads inescapably to the
conclusion that Mr. Gilbert’s observation applies to the OCII and the City, and no such records exist
because no such monitoring has been done.

Once again, I hereby request that the OCII and the City produce any such records, and if
such records exist, continue the OCII’s hearing regarding certification of the SEIR until a date after
the records are produced.  If such records exist, certification of the SEIR before producing the
records would deny my client a fair trial under subdivision (b) of section 1094.5 of the Code of Civil
Procedure.   

C. The Response to Comment AQ-7 is Inadequate.

Comment AQ-7 is that the per ton charge for emission offsets is too low to achieve complete
offset of the Project’s emissions.  The response is cagey on this point, but it appears the BAAQMD
agreed with the comment, because the response states: 
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SF Planning has been in communication with BAAQMD with regard to its
suggestion that a higher fee may be warranted to offset project emissions to a less
than significant level and found that BAAQMD could not establish that an increased
rate beyond that of the Carl Moyer Program plus a five percent administrative fee
could meet the “rough proportionality” standard required under CEQA.

(RTC, p. 13.13-67.)  The RTC’s rationale for contending that a higher offset fee would not meet the
“rough proportionality” standard is that offsets fees in other areas of the state are not higher than the
offset fee proposed in the DSEIR.  This is an error of law.  The “rough proportionality” requirement
requires a comparison of the cost of the mitigation to the degree of severity of the impact.  The fee
charged in other areas of the state are irrelevant to “rough proportionality.” 

D. Changes to the Project Since Publication of the DSEIR Require Recirculation
of a Revised DSEIR Due to New and More Severe Significant Impacts.

Under CEQA, if the project changes after publication of the Draft EIR, and these changes
create a new significant impact not identified in the Draft EIR, or a substantial increase in severity
of a significant impact that was identified in the Draft EIR, the lead agency must recirculate the draft
EIR for public comment. (CEQA section 21092.1.)

Here, the RTC describes a number of “construction refinements”, including using dewatering
generators, using a soil treatment pug mill, and removing rapid impact compaction from the
construction plan.  With respect to the air quality impacts of these “construction refinements” the
RTC states:  

The addition of the construction refinements would not substantially increase
(approximately 2 percent for ROG and 4 percent for NOx) the average daily
construction-related emissions disclosed in the Draft SEIR. This would not result in
a substantial increase in the severity of the previously identified significant and
unavoidable impact, and the same mitigation measures would apply requiring the
project sponsor to minimize construction emissions.

(RTC, p 12-22.)

The RTC also describes a new variant, the Muni UCSF/Mission Bay Station Variant, and
discloses that: 

The Muni UCSF/Mission Bay Station Platform Variant would not substantially
increase (approximately 2 percent for ROG and 5 percent for NOx) the average daily
emissions disclosed in the Draft SEIR for the proposed project (see Table 5.4-7, page
5.4-31). Furthermore, Mitigation Measure M-AQ-1 (Construction Emissions
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Minimization) would also apply to the variant. While the estimated construction
emissions under the variant shown in Table 12-2 are slightly higher than those
identified for the proposed project in the Draft SEIR, this impact is not substantially
more severe than the previously identified significant and unavoidable impact.   

(RTC, p 12-22.)

There are several problems with these assertions.  First, the RTC does explain whether
construction refinement caused increases of 2 and 4 percent for ROG and NOx, respectively, are
included within or additive to the Platform Variant caused increases of 2 and 5 percent for ROG and
NOx.  Without this information, the public does not know what additional quantum of ozone
pollution the RTC deems insubstantial.

Assuming for the moment that the construction refinement caused increases are included
within or the Platform Variant caused increases, the RTC offers no rationale why the 2 and 5 percent 
increases are not considered a “substantial” increase in the severity of the previously identified
significant effect that Project construction will have on ozone precursor pollution.  The RTC authors
apparently believe these number speak for themselves.  They do not.  In fact, reliance on these
appears to reflect a silent assumption that these increases above the previously identified quantities
of emissions for these pollutants is “de minimis.”  It must be remembered, however, that these
increases are not above a previously identified less-than-significant quantity of emissions; the
previously identified quantities were significant!  

The RTC thus commits the exact errors of law rejected by the Court of Appeal in
Communities for a Better Environment v. California Resources Agency (2002) 103 Cal.App.4th 98
(“CBE”), i.e., using a “de minimis” rationale or any type of simple numerical ratio of the incremental
impact compared to the pre-existing impact.  “[T]he relevant question... is not how the effect of the
project at issue compares to the preexisting cumulative effect, but whether ‘any additional amount’
of effect should be considered significant in the context of the existing cumulative effect. [footnote
omitted]  In the end, the greater the existing environmental problems are, the lower the threshold
should be for treating a project’s contribution to cumulative impacts as significant.” (Id. At p. 120;
see also Kings County Farm Bureau v. City of Hanford (1990) 221 Cal.App.3d 692, 720-721.)

These increases should be considered substantial and the SEIR recirculated for public
comment.  Instead, the October 23, 2015, notice of publication of the Response to Comments
informed the public they would have no opportunity to comment on the environmental effects of
these changes in the Project.

II. Transportation Impacts.

The Alliance’s comments on the Responses to Comments related to Transportation issues



Ms Tiffany Bohee
c/o Mr. Brett Bollinger
Re: Mission Bay Alliance comments on the Warriors Arena Project DSEIR: Hydrology, Water
Quality and Biological Impacts
November 3, 2015
Page 8

are set forth in the November 2, 2015, letter from Dan Smith attached as Exhibit F, and the
November 2, 2015, letter from Larry Wymer attached as Exhibit G. 

III. Water Quality Impacts, Water Quality Related Utility Impacts, and Biological Impacts.

The Alliance’s comments on the Responses to Comments related to Air Quality issues are
set forth in the November 2, 2015, letter from Matt Hageman attached as Exhibit H; the November
2, 2015, letter from Erik Ringelberg and Kurt Balasek attached as Exhibit I; the November 2, 2015,
letter from Erik Ringelberg attached as Exhibit J; the July 16, 2015 Technical Memorandum Erik
Ringelberg and Kevin Grove attached as Exhibit K; and the October 29, 2015, Draft Waters and
Wetland Delineation Report Proposed Mission Bay Development, Blocks 29-32 San Francisco,
California, by Erik Ringelberg and Kevin Grove of BSK Associates attached as Exhibit L.

A. The Response to Comment UTIL-3 is Inadequate.

The response to comment UTIL-3 states: 

Impact C-UT-2 explains that the project, in combination with past, present, and
foreseeable future development in the drainage area of the Mariposa Pump Station,
would require or result in the construction of new wastewater treatment facilities or
expansion of existing facilities, the construction of which could cause significant
environmental effects. As the owner and operator of the combined sewer system, the
SFPUC is responsible for design and construction of the needed improvements to the
wastewater facilities in the Mariposa sub-basin. The SFPUC has not identified the
specific improvements that would be required to accommodate wastewater flows
from the reasonably foreseeable projects and site-specific analysis cannot be
performed until they are identified by the SFPUC. (SEIR, p. 5.7-15.) For this reason,
site-specific environmental review for the future improvements cannot be included
in the SEIR. 

Although it is not possible to analyze the impacts of construction of the permanent
pump station improvements in greater detail than provided in the SEIR because the
SFPUC has not identified specific improvements required, Impact C-UT-2 discloses
the type of environmental impacts that would be expected from construction of new
wastewater treatment facilities or expansion of existing facilities and the likelihood
that such impacts will occur. This discussion satisfies CEQA’s requirements for
cumulative impacts analyses. (CEQA Guidelines, § 15130, subd. (b); see also
Association of Irritated Residents v. County of Madera, supra, 107 Cal.App.4th at p.
1403 [cumulative impacts analysis satisfies CEQA when it “sets forth the possible
cumulative impacts . . . and then analyzes the likelihood of the actual occurrence of
such impacts”].) 
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Any future permanent improvements to address cumulative wastewater impacts are
not part of the project and are not a reasonably foreseeable consequence of the project
itself. (SEIR, pp. 5.7-11 to 5.7-13 [the existing wastewater treatment facilities have
sufficient capacity for the proposed project by itself].) Rather, as explained in Impact
C-UT-2, the improvements would be necessary only as a result of the combined
demand on the wastewater system from the project in combination with other future
cumulative development projects in the drainage area of the Mariposa Pump Station.
Future improvements in the SFPUC’s wastewater system are beyond the project
sponsor’s control.

(FSEIR, Vol. 5, pp. 13.17-11.)  

This response essentially says that the Project is “first come, first served” for purposes of
using up remaining sewer system capacity in the Mariposa sub-basin.  But the assertion that the
cumulative future projects listed in the referenced report by Hydroconsult Engineers (i.e., Blocks
25b, 33-34, 40 and Hospital Phase 2),  will be operational further in the future than the Project is1

unsupported.  In fact, these cumulative future projects are not even listed in the cumulative future
projects list on page 5.1-8 - 10.  As a result, the SEIR’s assertions are unsupported and untestable. 

The response’s assertion that “Future improvements in the SFPUC’s wastewater system are
beyond the project sponsor’s control” is also unsupported; in fact, it is contradicted by overwhelming
evidence.  Where it is advantageous to the project, the SEIR assumes the City will do things over
which the project sponsor has no control to support the project,  e.g., comply with its NPDES permit,
provide transportation infrastructure to handle the crowds, etc.  Indeed, the City is named as a
responsible party or is directly involved in dozens of mitigation measures identified in the proposed
Mitigation Monitoring and Reporting Program.   But here, the SEIR takes an inconsistent position,2

disclaiming any Project Sponsor control over a different matter within the City’s control, i.e.,
expansion of the sewer system, apparently for no reason other than it is advantageous to the project

Hydroconsult Engineers, Inc. 2015. Combined Sewer Impact Analysis, Golden State Warriors Arena1

EIR. February 25, referenced on RTC, p. 13.17-15, n 8.

One example is Mitigation Measure M-TR-2b: Additional Strategies to Reduce Transportation2

Impacts: “The project sponsor shall work with the City to pursue and implement commercially
reasonable, if feasible, additional strategies (i.e., in addition to those included in the project TMP)
to reduce transportation impacts. In addition, the City shall pursue and implement, if feasible,
additional strategies to that could be implemented by the City or other public agency (e.g.,
Caltrans).”
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to do so.3

B. The Responses to Comments Hyd-3 - Hyd-6 are Inadequate. 

My July 24, 2015 comment letter regarding hydrology, water quality and biological impacts
observed that the DSEIR’s heavy reliance on City compliance with its NPDES permit to ensure the
Project’s combined stormwater and sewage impacts are less than significant is an unsupported
assumption.  The RTC simply repeats this unsupported assumption many, many times.  Some
examples follow.

Implementation of these actions in compliance with the requirements of the NPDES
permit would ensure that water quality impacts would be less than significant.

(RTC at p. 13.21-17.) 

It is reasonable to conclude that compliance with the Bayside NPDES permit would
not result in adverse water quality effects because the permit specifies discharge
prohibitions, dry-weather effluent limitations, wet-weather effluent performance
criteria, and receiving water limitations that are protective of the beneficial uses and
associated water quality objectives for San Francisco Bay, the receiving water.
Monitoring and reporting requirements to demonstrate compliance with water quality
objectives are also specified in the permit.

(RTC at p. 13.18.) 

Compliance with these plans, policies, and water quality criteria and objectives as
enforced through the Bayside NPDES permit ensures that discharges of treated
effluent from the SEWPCP are protective of water quality in San Francisco Bay.
Therefore, compliance with the Bayside NPDES permit effluent and receiving water
limitations is protective of water quality and it is appropriate to use the requirements
of the NPDES permit as a threshold of significance for effluent discharges from the
SEWPCP. Using this threshold, the SEIR properly concluded that water quality
impacts related to effluent discharges from the SEWPCP are less than significant as
described in Impact HYD-6 (pp. 5.9-33 to 5.9-41).

(RTC at p. 13.21-19.) 

The San Francisco Public Utilities Commission is a department of the City and County of San3

Francisco.
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My previous comment requested that the City support this assumption with evidence.  The
RTC fails to do so.  Therefore, the Alliance has gathered that evidence, and it shows the City has a
continuous, consistent, and pervasive pattern of violating its NPDES permits. Exhibit M, attached,
details these violations.  Therefore, the SEIR’s assumed basis for finding water quality impacts less
than significant is false. 

My July 24, 2015 comment letter regarding hydrology, water quality and biological impacts
observed that the DSEIR’s threshold of significance for the effect of untreated wastewater discharges
to the Bay, which consists of limiting such discharges to 10 per year, ignores the quantity and
duration of such discharges.  The response stresses the work the City must do to prevent municipal
wastewater from degrading water quality in the Bay, stating: 

As described in the permit, and on p. 5.9-20 of the SEIR, the SFPUC must implement
the following nine minimum controls in accordance with the Combined Sewer
Overflow Policy to reduce the frequency of combined sewer discharges and their
effect on receiving water quality:
1. Conduct proper operation and regular maintenance programs for the combined
sewer system and combined sewer discharge outfalls;
2. Maximize the use of the collection system for storage;
3. Review and modify pretreatment programs to minimize the effect of non-domestic
discharges to the collection system;
4. Maximize flow to the SEWPCP and North Point Facility for treatment;
5. Prohibit combined sewer discharges during dry weather;
6. Control solids and floatable materials in combined sewer discharges;
7. Develop and implement a pollution prevention program focused on reducing the
effect of combined sewer discharges on receiving waters;
8. Notify the public of combined sewer discharges; and
9. Monitor to effectively characterize combined sewer discharge effects and the
efficacy of combined sewer discharge controls.
These controls represent the best conventional and best available technology
economically achievable as required under the Clean Water Act. The City is currently
implementing these controls as required by the Combined Sewer Overflow Control
Policy.

(RTC at p. 13.21-26.)  This is all good and important work, but it is non-responsive to the Alliance’s
comment.  The fact that these measures are the best the City can, or is legally required to do, is not
relevant to whether the impact is significant.  It may be relevant to whether further mitigation of the
impact is feasible or effective, but these considerations cannot affect whether the impact is deemed
significant.

The top two paragraphs on page 13.21-27 of the RTC assert that all waste water is treated. 
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This is beside the point that the City anticipates and is allowed by its NPDES permit up to 10
discharges per year of waste water subject to only primary, rather than secondary, treatment.  

The RTC appears to reject the Alliance’s comment that the SEIR ignores duration and
quantity, not just frequency, of the 10 discharges per year on grounds the NPDES permit does not
address the duration and quantity of these discharges.  But the issue here is whether impacts on Bay
water quality are significant.  CEQA does not allow the use of the NPDES permit terms as an
absolute proxy for that determination.

C.  The Response to Comment Bio-5 is Inadequate.

1. Waters of the U.S. and Waters of the State are Present on the Site

The FSEIR argues that the wetland feature on the site is not a state or federal wetland.  Yet
Response BIO-5 provides no evidence of consultation with either the U.S. Army Corps of Engineers
("Corps") or the State Water Resources Control Board ("SWRCB") regarding the status of the
feature.  With respect to the jurisdiction of the Corps, the FSEIR claims that under draft regulations
that are stayed, the feature would be exempted from jurisdiction.  This interpretation is not supported
by any specific language in the referenced Sixth Circuit Court of Appeals decision, and thus has no
authority.

The FSEIR also argues that the site was never abandoned such that the feature would have
been "recaptured" as a wetland under the Clean Water Act.  Yet no explanation is provided for the
lack of any activities at the site or changes to the wetland feature between 2007 and 2014, a period
of seven years.  This inactivity at the site is demonstrated in the plates included in the July 16, 2015,
BSK Technical Memorandum Regarding the Proposed Warrior Arena Wetland Features. (Attached
as Exhibit K, see Figures 2a-2e.)

The FSEIR also makes the circular argument that the existence of priority pollutants within
the wetland feature is irrelevant because the City does not consider the wetland feature to be
jurisdictional.  Again, no credible evidence is provided to support the argument that the wetland is
not subject to federal jurisdiction in the first place.

The FSEIR incorrectly relies exclusively on federal law and ignores the broader jurisdiction
of the state over all of its waters, including wholly constructed features.   As such the SEIR fails to
adequately describe the site physical features, the relevant regulatory requirements, and the
avoidance, minimization and mitigation requirements it would be subject to.  State waters are more
broadly defined than waters of the U.S.: “‘Waters of the state’ means any surface water or
groundwater, including saline waters, within the boundaries of the state.”   (Wat. Code, 13050, subd.
(e).)  This has been interpreted by the SWRCB to literally “include all waters within the state's
boundaries, whether private or public, including waters in both natural and artificial channels.” 
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Contrary to RTC BIO-5, the fact that the remediation at the site was at one time overseen by the San
Francisco Regional Water Quality Control Board ("RWQCB") has no bearing on whether the feature
would be considered jurisdictional by the SWRCB.  While the SWRCB may choose to follow
jurisdictional determinations by the Corps, the SWRCB has much broader authorities and may also
assert jurisdiction under the parameters of Water Code section 13050, subdivision (e).  As the FSEIR
cannot point to any jurisdictional determination by the Corps, there is nothing for the SWRCB to
follow; therefore, it would follow its own regulations and orders. (Executive Order W-59-93 attached
as Exhibit N; State Water Resources Control Board Memorandum, January 25, 2001, Effect of
SWANCC v. United States on the 401 Certification Program attached as Exhibit O; State Water
Resources Control Board Guidance, June 25, 2004, for Regulation of Discharges to “Isolated”
Waters  attached as Exhibit P; State Water Resources Control Board Order NO. 2004-0004-DWQ
attached as Exhibit Q; State Water Resources Control Board Resolution NO. 2008-0026 attached
as Exhibit P).
  

The FSEIR's attempted rebuttal of the need for a Coastal Zone Management Act ("CZMA")
consistency determination is also incorrect.  In addition to claiming that the requirement does not
apply because the City (not the Corps or the SWRCB) has determined that the feature is not
jurisdictional, the FSEIR argues that filling the wetland would have no effect on resources in the
coastal zone.  As explained below, however, the wetland complex has significant habitat value to
biological resources and supports coastal resources.

To further substantiate the existence of the wetland features on the site, BSK Associates  has
prepared a desktop delineation for submittal to the Corps to finally resolve the issue of jurisdiction. 
(See Exhibit L.)  The exact nature of the wetland feature is described in the attached report, which
determines that there are 0.51 acres of permanent wetlands at the site.  The delineation also explains
that the wetland provides the following nexus functions with the San Francisco Bay: (i) Sediment
trapping, (ii) Nutrient recycling,(iii) Pollutant trapping, transformation, filtering, and transport, (iv)
Retention and attenuation of flood waters, (v) Runoff storage, (vii) Export of organic matter, (viii)
Export of food resources, and (ix) Provision of life cycle dependent aquatic habitat (such as foraging,
feeding, nesting, breeding, spawning, or use as a nursery area) for species.

The purpose of environmental review is to inform the public of the likely effects of carrying
out a project.  Here, the IS/NOP failed to accurately describe the wetland on the site, or to even
provide a process by which the feature would be further investigated and the appropriate mitigation
required.  The information submitted by the Alliance constitutes substantial evidence of a fair
argument that the Project will have a significant adverse effect on biological resources.  In the
alternative, per CEQA section 21166 and CEQA Guidelines section 15162, the facts described above
constitute a change in circumstances since the 1998 SEIR involving, and significant new information
showing, a new significant effect not previously analyzed in the 1998 SEIR.  Under either standard,
the OCII and the City must prepare and circulate for public comment an environmental impact report
to review the Project's impacts on this wetland resource.  
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IV. Noise Impacts.

The Alliance’s comments on the Responses to Comments related to Air Quality issues are
set forth in the November 2, 2015, letter from Frank Hubach attached as Exhibit S and in this letter.

A. The Construction Refinements and New Project Require Recirculation.

As noted above, the RTC describes a number of “construction refinements,” including using
dewatering generators, using a soil treatment pug mill, and removing rapid impact compaction from
the construction plan and a new Project Variant.  With respect to the air quality impacts of these
construction refinements and new Project Variant, the RTC finds these changes do not create a new
significant noise impact, or a substantial increase in severity of a previously identified significant
noise impact, and therefore, recirculation is not required.

As described in the letter from Frank Hubach (Exhibit S), the construction refinements and
new Project Variant will create new significant impacts.  The RTC’s findings to the contrary reflect
the same flawed “existing ambient plus project increment” thresholds of significance discussed in
my previous comment letter (dated July 25, 2015) regarding noise impacts. 

B. The Response to the Alliance’s Comments Regarding Construction and
Operational Noise Are Inadequate.

Response NOI-2a regarding construction noise thresholds states:

For this project, as discussed on pages 5.3-17 and 5.3-18, the SEIR applies a
threshold of a 10 dBA increase over the existing noise levels, which represents a
perceived doubling of loudness as the threshold representing a substantial temporary
increase in noise levels warranting implementation of construction noise control
measures. A more liberal threshold was developed to be applied to construction
impacts given that construction is an inherently noisy activity and application of a
lesser threshold, such as the 5 dBA increase applied to operational impacts which
denotes a readily perceptible increase, would be exceeded by the most routine
construction activity and is therefore not considered to be a realistically applicable
criterion for construction. Additionally, a 10 dBA increase threshold is codified in
Section 2909 (c) of the Police Code as a noise limit for noise affecting public
property. This increase is an appropriate threshold for construction activity as it
reflects OCII’s understanding that allowable increases in noise levels can be
dependent on a number of factors, including source and the duration of the noise and
the receiver of the noise.

(RTC, p. 13.12-7 (italics added).)  The response regarding operational noise thresholds is similar.
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(RTC, p. 13.12-15.)
  

This is an example of the General Comment described above.  This response has injected the
question of what is “allowed” into the determination of “significance.”  The question of what is
allowed is the final step in the CEQA process, and involves weighing considerations relating to the
social and economic benefits of the Project.  Injecting it into the first step subverts the integrity of
the entire analysis.

This conflation of the distinct steps in the analysis also explains why the RTC’s insistence
on using the San Francisco Police Code’s regulatory requirements (i.e., the City’s final resolution
of what is allowed and what is not allowed) as thresholds of significance is inconsistent with CEQA. 
The Police Code’s regulatory requirements reflect the City’s effort to balance the protection of
people from harmful noise against the need for social and economic activity.  That balance does not
necessarily reflect the point at which impacts become significant.  Under CEQA, such balancing is
also required, but not at the point where  significance is determined.  In short, even where the lead
agency believes an activity should be “allowed” because the social or economic considerations
outweigh the environmental harm, the EIR must still disclose whether the impact is significant.

The RTC’s reliance on Appendix G to the CEQA Guidelines as support for its use of Police
Code’s regulatory requirements (RTC, p. 13.12-15) is misplaced because the Guidelines cannot
authorize a violation of CEQA. 

Thank you for your attention to this matter.

Very Truly Yours,

Thomas N. Lippe

List of Exhibits

A. November 2, 2015, letter from John Farrow with exhibits 1- 4 thereto. 

B. Exhibits 4-8 to November 2, 2015, letter from John Farrow described in Exhibit 1A above. 

C. November 2, 2015, report by Greg Gilbert, Autumn Wind Associates.

D. August 13, 2015, Public Records Act Request from Thomas N. Lippe to OCII and City of
San Francisco. 



Ms Tiffany Bohee
c/o Mr. Brett Bollinger
Re: Mission Bay Alliance comments on the Warriors Arena Project DSEIR: Hydrology, Water
Quality and Biological Impacts
November 3, 2015
Page 16

E. Email exchanges between Thomas N. Lippe and the OCII and City of San Francisco dated
September 11, 2015, through September 30, 2015.

F. November 2, 2015, letter from Dan Smith.

G. November 2, 2015, letter from Larry Wymer.  

H. November 2, 2015, letter from report from Matt Hageman.

I. November 2, 2015, letter from Erik Ringelberg and Kurt Balasek.

J. November 2, 2015, letter from Erik Ringelberg. 

K. July 16, 2015, BSK Technical Memorandum Regarding the Proposed Warrior Arena
Wetland Features by Erik Ringelberg and Kevin Grove. 

L. October 29, 2015, Draft Waters and Wetland Delineation Report Proposed Mission Bay
Development, Blocks 29-32 San Francisco, California, by Erik Ringelberg and Kevin Grove
of BSK Associates. 

M. Summary of NPDES permit violations by the City of San Francisco since 2004 with
supporting documents.

N. Executive Order W-59-93

O. State Water Resources Control Board Memorandum, January 25, 2001, Effect of SWANCC
v. United States on the 401 Certification Program

P. State Water Resources Control Board Guidance, June 25, 2004, for Regulation of Discharges
to “Isolated” Waters

Q. State Water Resources Control Board Order NO. 2004-0004-DWQ.

R. State Water Resources Control Board Resolution NO. 2008-0026.

S. November 2, 2015, letter from Frank Hubach.
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November 2, 2015 
 
 
Thomas N. Lippe 
Law Offices of Thomas N. Lippe, APC 
201 Mission Street, 12th Floor 
San Francisco, CA 94105 
lippelaw@sonic.net 
 
Re: Air Quality Impacts - Comments on Final Subsequent Environmental Impact 
Report for the Event Center and Mixed Use Development at Mission Bay Blocks 29- 
32 (Warriors Arena Project); San Francisco Planning Department Case No. 
2014.1441E; State Clearinghouse No. 2014112045 
 
Dear Mr. Lippe: 
 

Acting as consulting counsel to you, we have reviewed the analysis of Toxic Air 
Contaminants (TACs) in the Draft and Final Subsequent Environmental Impact 
Report for the Event Center and Mixed Use Development at Mission Bay Blocks 29-32 
(the “Project”).  For the reasons set forth below, we concur with your determination that 
the assessment TACs in the DSEIR and FSEIR (collectively, SEIR) is inconsistent, 
confusing, and legally erroneous and that it fails adequately to disclose the Project’s 
impacts.  This letter incorporates by reference the November 2, 2015 letter report 
authored by Paul Rosenfeld and Jessie Jaeger (attached as Exhibit 1). 

 
I. The SEIR fails to provide a project-specific assessment of TAC health risks. 

 
The DSEIR fails to provide a project-specific assessment of TAC health risks 

because it does not adopt or apply a threshold of significance for the project-specific 
impact.  The SEIR’s only threshold of significance for TACs is a threshold for 
cumulative impacts.  The SEIR’s threshold would find a considerable contribution to a 
significant cumulative impact only if (1) there were 100 excess cancers from all sources 
and (2) the project itself contributed 10 excess cancers.  The SEIR’s approach is wrong as 
a matter of law because it conflates project-specific and cumulative analysis and because 
it assumes without justification that the only relevant threshold is the threshold for 
whether the project makes a considerable contribution to a significant cumulative impact. 

 
CEQA requires that an EIR assess both project-specific and cumulative impacts.  

(CEQA Guideline, §§ 15126.2, 15130.)  Because assessment of project-specific and 
assessment of cumulative impacts are a distinct obligations, they require a distinct set of 
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thresholds of significance.  Whereas a project-specific analysis requires only that an EIR 
compare a project’s effects to a single threshold, cumulative analysis requires two 
thresholds because cumulative impact analysis is a two-step process.  In cumulative 
analysis an agency must separately (1) determine whether the impacts of the project in 
combination with those from other projects with related impacts are cumulatively 
significant by comparing that total impact to a “step-one” threshold, and (2) if so, 
determine whether the project’s own effect is a considerable contribution by comparing 
the project’s own effect to a “step-two” threshold. (CEQA Guideline, § 15130(a); see 
Kostka and Zischke, Practice Under the California Environmental Quality Act (2nd Ed., 
2011 Update), §§ 13.39. 15.52; Remy, Thomas, et al, Guide to CEQA (11th Ed., 2007), 
pp. 474-475.) 

 
CEQA recognizes that the thresholds used for project-specific analysis and for the 

second step of cumulative analysis differ.  The step-two threshold of significance in 
cumulative analysis is used to determine whether the project’s contribution to a 
significant cumulative impact is “considerable,” i.e., “whether ‘any additional amount’ of 
effect should be considered significant in the context of the existing cumulative effect.” 
(Communities for a Better Environment v. California Resources Agency (“CBE”) (2002) 
103 Cal.App.4th 98,119.)  Even if a project’s impact is “individually minor” and, thus, 
not found significant in a project-specific analysis, it may make a considerable 
contribution because it is “collectively significant.” (Id. at 119-120; Los Angeles Unified 
School Dist. v. City of Los Angeles (“LAUSD”)(1997) 58 Cal.App.4th 1019, 1025-1026.)  
Indeed, the step-two threshold may need to be a sliding scale because “the greater the 
existing environmental problems are, the lower the threshold should be for treating a 
project’s contribution to cumulative impacts as significant.” CBE, supra, 103 Cal.App.4th 
at 120.  In sum, because CEQA specifically recognizes that the step-two threshold in 
cumulative analysis may be lower than the threshold to determine whether an impact is 
individually significant, there can be no routine assumption that the project-specific 
threshold is the same as the threshold for step-two in a cumulative analysis. 

 
Here, the SEIR does not provide, much less justify, any threshold for a project-

specific analysis.  The only form of analysis was cumulative analysis, and the SEIR 
simply declines to consider whether the Project’s TAC impacts would be individually 
significant. 

 
The omission of a project-specific analysis is legally erroneous.  Furthermore, 

there is ample evidence that the omission is prejudicial to informed decision-making and 
public participation.  Had the EIR provided a legally adequate project-specific analysis, it 
may well have determined that the project’s individual impacts are significant, even if 
there were no significant cumulative impact from all projects taken together.  First, as 
indicated in the attached letter from Paul Rosenfeld and Jessie Jaeger, the Project causes 
at least 42 excess cancers in one million.  This impact is four times the 10-excess cancer 
threshold used by the majority of California Air districts, including BAAQMD, to assess 
the significance of single source impacts.  Indeed, the Project’s excess cancers nearly 
double the total ambient cancer risk.  Finally, regardless of the conclusion that the EIR 
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might have reached had it provided a project-specific analysis, the EIR is insufficient as 
an informational document without this analysis.  To correct this error, the EIR should be 
revised and recirculated. 

 
II. The SEIR’s assessment of cumulative TACs is invalid because it fails to 

include all sources of related impacts. 
 

As set forth in the attached letter from Jessie Jaeger and Paul Rosenfeld, the SEIR 
fails to include foreseeable future development in its analysis of cumulative TAC health 
risks.  In particular, the SEIR fails to include the TAC emissions from the future 
construction and operation of the Mission Bay area redevelopment projects.  This build-
out was projected in the Mission Bay EIR to generate 218,549 vehicle trips and 2,684 
truck trips per day.  Because the EIR projects that excess cancers will be at least 86 per 
one million with the existing development plus the Project, this level of additional traffic 
clearly has the potential to cause excess cancers to exceed the 100 excess cancer 
threshold identified by the EIR as the threshold for a significant cumulative impact.   

 
Cumulative analysis must include all sources of “related impacts,” including past, 

present, and potential future projects.  (CEQA Guideline, § 15130(a)(1), (b).)  The 
unjustified omission of related sources of TACs is an error because without this 
disclosure the public and decision makers cannot “determine whether such information 
would have revealed a more severe impact.”  (Kings County Farm Bureau v. City of 
Hanford (1990) 221 Cal.App.3d 692, 720, 724.)  The future development of the rest of 
the Mission Bay project is clearly foreseeable because it has already been approved at the 
program level.  The Warriors Arena Project is but one phase of the overall Mission Bay 
project.  The California Supreme Court has held that it is error for an EIR for one phase 
of a project to omit impacts from future phases in its analysis of cumulative impacts.  
(Laurel Heights Improvement Assn. v. Regents of University of California (1988) 47 
Cal.3d 376, 396.)  The omission of this foreseeable future development is error. 

 
 The DSEIR implies that that impacts from future development may be ignored 
because “[o]ther future projects, whose emissions have not been incorporated into the 
existing Citywide health risk modeling . . . would similarly be subject to CEQA 
requirements to analyze the health risk impact of their project.”1  (DSEIR, p. 4.4-28.)  
However, the SEIR may not tier from future environmental reviews:  “CEQA's 
informational purpose ‘is not satisfied by simply stating information will be provided in 
the future.”  (Vineyard Area Citizens for Responsible Growth v. City of Rancho Cordova 
(2007) 40 Cal.4th 412, 440-441 (emphasis in original).) 
 

 
 

                                                 
1  The DSEIR mentions Pier 70 and Seawall Lot 337/Pier 48 as examples of such future projects, 
and then dismisses their impacts because they are allegedly too distant to affect the same receptors.  
(DSEIR, p. 5.4-28).  But the DSEIR ignores the Mission Bay buildout adjacent to the project. 
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III. The SEIR’s assessment of TAC health risks is inadequate because it ignores 

current OEHHA guidance. 
 

Comments on the DSEIR objected that the health risk assessment fails to use the 
most recent OEHHA Air Toxics Hotspots Program Risk Assessment Guidelines.  
OEHHA has revised its daily breathing rate for children upward to 1,090 L/kg-day, 
almost doubling the 581 L/kg-day breathing rate from the outdated 2000 guidelines used 
by the DSEIR.  In response, the FSEIR does not dispute the validity of the new guidance 
and admits that BAAQMD intends to use the revised guidance in the future, but declined 
to provide an assessment of health risks based on the new guidance.   

 
Children are the most vulnerable to TAC exposure, as evidenced by the elevated 

excess cancer rates for children as compared to adults.  (See, e.g., DSEIR, Table 5.4-11, 
p. 5.4-49).  The area of maximum vulnerability to TAC’s from the project happens to be 
a children’s hospital. 

 
As the attached letter from Paul Rosenfeld and Jessie Jaeger indicates, contrary to 

the FSEIR, OEHHA published and recommended use of higher, differential breathing 
rates for children well before the SEIR’s health risk assessment was prepared.  Rosenfeld 
and Jaeger demonstrate that if excess cancers were determined using the OEHHA 
guidance for children’s breathing rate rather than the outdated 2000 guidance, the excess 
cancers for the maximally exposed receptors at the UCSF Benioff Children’s Hospital 
would in fact substantially exceed the 100 excess cancer threshold used by the DSEIR to 
determine a significant cumulative impact.  Based on the threshold of significance 
adopted by the SEIR, the Project would make a considerable contribution to this 
significant cumulative impact because the Project adds well more than 10 excess cancers 
to this total.  Thus, the SEIR’s failure to use the most recent scientific data and its failure 
to provide reasoned analysis in response to comments requesting this analysis results in a 
failure to disclose this significant cumulative impact.   

 
Refusal to respond to responsible comments from experts regarding analytic 

parameters with reasoned analysis, as well as mischaracterization of the currency of those 
Parameter, are failures to meet CEQA’s disclosure obligations.  For example, a court set 
aside an analysis of TAC’s that was based on outdated CARB guidance after comments 
pointed out this flaw and the final EIR declined to provide corrected analysis: 
 

“. . . the use in the final EIR of data extrapolated from CARB's 1991 speciation 
profile # 508 for measuring aircraft emission of TAC's did not meet the standard 
of “a good faith effort at full disclosure” required by CEQA. (Guidelines, § 
15151.) “ ‘ “[W]here comments from responsible experts or sister agencies 
disclose new or conflicting data or opinions that cause concern that the agency 
may not have fully evaluated the project and its alternatives, these comments may 
not simply be ignored. There must be good faith, reasoned analysis in response.” 
’ ” (Cleary v. County of Stanislaus (1981) 118 Cal.App.3d 348, 357, 173 Cal.Rptr. 
390, original italics.) By using scientifically outdated information derived from 
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the 1991 profile, we conclude the EIR was not a reasoned and good faith effort to 
inform decision makers and the public about the increase in TAC emissions that 
will occur as a consequence of the Airport expansion. 

 
(Berkeley Keep Jets Over the Bay Committee v. Board of Port Com'rs (2001) 91 
Cal.App.4th 1344, 1367 [111 Cal.Rptr.2d 598, 615], as modified on denial of reh'g (Sept. 
26, 2001.)   
 

Here, the EIR should be revised and recirculated to provide a health risk 
assessment that is based on current science regarding the parameters that determine actual 
risk to children. 
 
 

Yours sincerely, 
 
    M. R. WOLFE & ASSOCIATES, P.C. 
      
      
 
    
 
    John Farrow 

 
 
JHF:hs 
 
List of Exhibits 
 
Exhibit 1 is referenced in this letter. 
Exhibits 2-8 are referenced in Exhibit 1 to this letter. 
 

1.  November 2, 2015 letter report from Jessie Jaeger and Paul Rosenfeld. 
 

2. “Health Risk Assessments for Proposed Land Use Projects,” California Air 
Pollution Control Officers Association 2009, available at: 
http://www.capcoa.org/wp-
content/uploads/2012/03/CAPCOA_HRA_LU_Guidelines_8-6-09.pdf. 
 

3. CEQA Air Quality Handbook, A Guide for Assessing the Air Quality Impacts for 
Projects Subject to CEQA Review, San Luis Obispo Air Pollution Control District 
2012, available at: 
http://www.slocleanair.org/images/cms/upload/files/CEQA_Handbook_2012_v2
%20%28Updated%20Sept%202015%29.pdf. 
 

http://www.capcoa.org/wp-content/uploads/2012/03/CAPCOA_HRA_LU_Guidelines_8-6-09.pdf
http://www.capcoa.org/wp-content/uploads/2012/03/CAPCOA_HRA_LU_Guidelines_8-6-09.pdf
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4. Mission Bay Land Use Plan, November 2005, available at: 
http://sfocii.org/Modules/ShowDocument.aspx?documentid=783. 
 

5. “Risk Assessment Guidelines: Guidance Manual for Preparation of Health Risk 
Assessment.” Office of Environmental Health Hazard Assessment, February 
2015, available at: http://oehha.ca.gov/air/hot_spots/hotspots2015.html. 
 

6.  Adoption of the Revised Air Toxics Hot Spots Program Technical Support 
Document for Cancer Potency Factors,   Office of Environmental Health Hazard 
Assessment, June 1, 2009, available at: 
http://www.oehha.ca.gov/air/hot_spots/tsd052909.html. 
 

7. Adoption of the Revised Air Toxics Hot Spots Program Risk Assessment 
Guidelines: Revised Technical Support Document for Exposure Assessment and 
Stochastic Analysis, Office of Environmental Health Hazard Assessment, August 
27, 2012, available at: http://www.oehha.ca.gov/air/hot_spots/tsd082712.html.  
 

8. Technical Support Document for Exposure Assessment and Stochastic Analysis, 
Office of Environmental Health Hazard Assessment, August 2012, available at: 
http://www.oehha.ca.gov/air/hot_spots/pdf/2012tsd/Chapter3_2012.pdf. 

http://sfocii.org/Modules/ShowDocument.aspx?documentid=783
http://oehha.ca.gov/air/hot_spots/hotspots2015.html
http://www.oehha.ca.gov/air/hot_spots/tsd052909.html
http://www.oehha.ca.gov/air/hot_spots/tsd082712.html
http://www.oehha.ca.gov/air/hot_spots/pdf/2012tsd/Chapter3_2012.pdf
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 2656 29th Street, Suite 201 
Santa Monica, CA 90405 

 
Matt Hagemann, P.G, C.Hg. 

  (949) 887-9013 
 mhagemann@swape.com 

November 2, 2015 
 
Thomas N. Lippe 
The Law Offices of Thomas N. Lippe 
201 Mission Street, 12th Floor 
San Francisco, CA 94105 
 
Subject: Comments on the Event Center and Mixed-Use Development Project at 

Mission Bay Blocks 29-32 
 
Dear Mr. Lippe:  
 
We have reviewed the October 23, 2015 Event Center and Mixed-Use Development at Mission Bay 
Blocks 29-32 Project (“Project”) Final Subsequent Environmental Impact Report (FSEIR), which includes 
responses to comments (“Responses”) we made on the June 2015 Draft Environmental Subsequent 
Impact Report (DSEIR).   

The FSEIR fails to resolve several issues raised in comments to the DSEIR.  We maintain that the SEIR’s 
health risk assessment remains flawed for three reasons: 

• The FSEIR fails to provide a project-specific health risk assessment for the Project.  The 
thresholds of significance and the analysis in the FSEIR provide only a cumulative impact 
analysis.  Thus, the FSEIR fails to consider whether the Project’s toxic air contaminant (TAC) 
emissions are, by themselves, a significant impact.  Although the FSEIR fails to identify a 
threshold of significance for project-specific effects, Project-caused excess TAC cancers are more 
than four times the threshold used by most California air districts to determine the significance 
of an individual project’s impacts. 
 

• The FSEIR fails to include all foreseeable sources of TAC emissions in its cumulative impact 
analysis, as it omits foreseeable future construction and operation of developments approved in 
the vicinity of the Project.  The health risk assessment should be revised to include TAC 
emissions from these sources, as they could potentially result in a significant cumulative impact. 
 

• The FSEIR fails to incorporate updated child breathing rates, set forth by OEHHA, in its health 
risk assessment.  Even though OEHHA published these higher breathing rates for children in 
2012 and recommends that TAC analyses use these rates, and even though comments 
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requested that the FSEIR provide an updated analysis using these breathing rates, the FSEIR 
failed to do so.   

Failure to Assess Individual Health Risk from Proposed Project  
In our July 27, 2015 comment letter, we found that the DSEIR failed to adequately evaluate the health 
risk posed to nearby sensitive receptors from exposure to toxic air contaminants (TACs) emitted during 
Project construction and operation.  We maintain that the FSEIR incorrectly relies upon criteria used to 
identify communities located within an Air Pollutant Exposure Zone (APEZ), as defined by Article 38 
under the San Francisco Health Code, and propose that the Project’s individual health risk and PM2.5 
emissions be compared to the Bay Area Air Quality Management District’s (BAAQMD) project-level 
significance thresholds of 10 in one million and 0.3 micrograms per cubic meter (μg/m3), respectively.1  
 
As we pointed out in our July 27 letter, to evaluate the cumulative and individual health risk impacts of 
the Project, the DSEIR relies upon criteria used to define communities located within an APEZ. The DSEIR 
states,  

“an APEZ [is] defined as an area in which modeled air pollution exceeds either: (1) a cancer risk 
of greater than 100 per one million exposed, and/or (2) PM2.5 concentrations in excess of 10 
microgram per cubic meter (μg/m3) (including ambient)’” (Appendix AQ, p. 9).  

 
Using these criteria, both the DSEIR and the FSEIR’s Responses concluded that because the Project’s 
health risk, combined with background ambient sources, would not result in sensitive receptor locations 
meeting the Air Pollutant Exposure Zone criteria, the Project would have a less-than-significant health 
risk impact (FSEIR, p. 13.13-25). The FSEIR states,  
 

“The project site is not within an Air Pollutant Exposure Zone and, based on citywide modeling, 
the highest mitigated risk at a receptor near the project site (UCSF Hospital) from the 
contribution of emissions from all modeled sources is an excess cancer risk of 86 per one million 
persons exposed with an increased risk of 44 per one million due to background ambient 
sources and the remainder from modeled vehicles (construction and operation) and stationary 
source contributions from the project. These levels are below the SEIR threshold levels for 
identifying when sensitive populations may be exposed to substantial pollutant concentrations.” 
(DSEIR p. 5.4-27; FSEIR p. 13.13-26). 

 
The APEZ 100 excess cancer threshold is a threshold for cumulative analysis, not for evaluation of 
project-specific impacts.  CEQA requires both assessments.  BAAQMD’s project-specific threshold of 
significance of 10 excess cancers is for “single source impacts;”  thus, a single source such as the Project 
should be deemed to have a significant impact if it causes 10 or more excess cancers regardless of 
cumulative conditions.   
 
                                                           
1 “California Environmental Quality Act Air Quality Guidelines.” BAAQMD, May 2011, available 
at:http://www.baaqmd.gov/~/media/Files/Planning%20and%20Research/CEQA/BAAQMD%20CEQA%20Guidelines
_May%202011_5_3_11.ashx, p. 5-3  

http://www.baaqmd.gov/%7E/media/Files/Planning%20and%20Research/CEQA/BAAQMD%20CEQA%20Guidelines_May%202011_5_3_11.ashx
http://www.baaqmd.gov/%7E/media/Files/Planning%20and%20Research/CEQA/BAAQMD%20CEQA%20Guidelines_May%202011_5_3_11.ashx
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The 10 excess cancers threshold is widely used by California Air Districts as a threshold for project-
specific impacts.  The California Air Pollution Control Officers Association reports that, for TACS, “[f]or 
the majority of the air districts the excess cancer risk significance threshold is set at 10 in a million.”2  
For example, the San Luis Obispo Air Pollution Control District  finds that individual projects that 
generate over 10 excess TAC cancers have significant impacts.3 
 
We maintain that the FSEIR’s application of APEZ criteria to ignore the significance of project-specific 
impacts fails to disclose that the Project will expose sensitive populations to substantial pollutant 
concentrations, as discussed below. 
 
Since the Project is not proposing to construct residential land uses on-site, it will not expose new on-
site sensitive receptors to substantial air pollutant concentrations.  There are, however, off-site sensitive 
receptors within the Project vicinity that could be potentially exposed to pollutants emitted by the 
Project.  Sensitive receptor locations located within 1,000 feet of the Project site include: the UCSF 
Hearst Tower, the Madrone Mission Bay Residential Towers, and the UCSF Hospital (see table below) (p. 
5.4-17).  

 
 
Additionally, the DSEIR assessed the risk posed to the UCSF Mission Bay day care facility, located 
approximately 1,300 feet to the west (p. 5.4-16).  Of the sensitive receptor locations evaluated in the 
DSEIR, a child resident at the UCSF Hospital was found to be the most affected by the Project.  As 
pointed out in the FSEIR Responses, the maximally exposed sensitive receptor location had an estimated 
background ambient risk of approximately 44 in one million (p. 13.13-26).  Mitigated emissions from 
Project operation and construction at that location would increase this risk to approximately 86 in one 
million excess cancers (see table below) (Volume 3, pp. 1225).  
 

                                                           
2 “Health Risk Assessments for Proposed Land Use Projects,” California Air Pollution Control Officers Association 
2009, page 11, available at: http://www.capcoa.org/wp-
content/uploads/2012/03/CAPCOA_HRA_LU_Guidelines_8-6-09.pdf. 
 
3CEQA Air Quality Handbook, A Guide for Assessing the Air Quality Impacts for Projects Subject to CEQA Review, 
San Luis Obispo Air Pollution Control District 2012, available at: 
http://www.slocleanair.org/images/cms/upload/files/CEQA_Handbook_2012_v2%20%28Updated%20Sept%20201
5%29.pdf.  
 

http://www.capcoa.org/wp-content/uploads/2012/03/CAPCOA_HRA_LU_Guidelines_8-6-09.pdf
http://www.capcoa.org/wp-content/uploads/2012/03/CAPCOA_HRA_LU_Guidelines_8-6-09.pdf
http://www.slocleanair.org/images/cms/upload/files/CEQA_Handbook_2012_v2%20%28Updated%20Sept%202015%29.pdf
http://www.slocleanair.org/images/cms/upload/files/CEQA_Handbook_2012_v2%20%28Updated%20Sept%202015%29.pdf
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The Project’s emissions, alone, nearly double the health risk posed to a child resident at this sensitive 
receptor location.  Similarly, the Project increases the total risk posed to a child resident at the UCSF 
Hearst Tower sensitive receptor location by a factor of 2.8, increases the total risk posed to an adult 
resident at the UCSF Hearst Tower location by a factor of 2.5, and increases the total risk posed to a 
daycare child at the Uber/ARE location by a factor of 3.5 (see table below).  The Project’s excess cancers 
are well in excess of the 10 in one million threshold used by BAAQMD and most California Air districts to 
determine the significance of an individual project’s impact. 
  

Sensitive Receptor Background Risk Project Risk Total Risk Factor by which Risk Increases 
Due to Project 

  Excess Cancers in One Million Total Risk/Background Risk 
UCSF Hearst Tower Child Resident 26 46 72 2.8 
UCSF Hearst Tower Adult Resident 26 38 64 2.5 

UCSF Hospital Child Resident 44 42 86 2.0 
Uber/ARE Daycare Child 20 50 70 3.5 

 
The fact that the FSEIR concludes that the Project would not expose sensitive populations to “substantial 
pollutant concentrations,” even though the Project’s contributions are equal to or greater than the 
background health risk at every sensitive receptor location is absolutely absurd.  Simply because the 
Project “would not result in sensitive receptor locations meeting the Air Pollutant Exposure Zone 
criteria” does not mean that the Project will have a less-than-significant health risk impact, and the 
FSEIR is wrong to make such a ridiculous assumption (p. 13.13-25).  The fundament problem is that the 
FSEIR entirely fails to consider whether the Project’s own TAC impact is a significant impact regardless of 
the cumulative context. 

 

Cumulative Impact Analysis Fails to Account for All Past, Present and Future Sources   
The DSEIR utilizes background ambient risk values from a local-scale citywide modeling effort conducted 
in 2012, and then combines the Project’s health risk to this background risk to determine whether or not 
the Project would have a cumulatively considerable impact.  Using this method, the DSEIR concludes 
that with mitigation, the Project would have a less-than-significant cumulative health risk impact (p. 5.4-
49).  This determination, however, is based on a flawed analysis that fails to account for “all past, 
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present, and foreseeable future sources.”4  As a result, the Project’s cumulative health risk impact is 
greatly underestimated. 
 
As previously stated, the ambient background health risk values, relied upon by the DSEIR, were derived 
from a city wide modeling effort.  The methods used and specific emission sources included in this 
model can be found in The San Francisco Community Risk Reduction Plan: Technical Support 
Documentation.5  According to this report, direct emissions from on-road mobile sources on freeways 
and streets with traffic volumes of more than 1,000 vehicles per day, permitted stationary sources, 
Caltrain passenger diesel locomotives, ships and harbor craft, local transit buses, and major construction 
projects in 2010 and 2025 were modeled.  Emissions from indirect sources that generate vehicle trips 
such as distribution centers, retail centers, and postal service stations were not included in the model 
because they “were judged to be less important than similar sources that are included, such as the case 
of indirect sources (whose contribution is small compared to freeway and street traffic)…”6  
 
While contributions from indirect sources may be negligible when compared to emissions from freeways 
and major streets, they could present a significant impact relative to local emissions near the Project site 
for several reasons.   
 
First, the Project site is not located near any major freeways or streets that meet the above criteria; 
therefore, local impacts from mobile-source emissions within the Project vicinity were not accounted 
for.  This statement is supported by data presented in The San Francisco Community Risk Reduction Plan: 
Technical Support Documentation.  As evident from the figure below, excess cancer risks from direct on-
road mobile emissions in 2010 within the Project area were not accounted for, as the entire area is 
white.7   

                                                           
4 “California Environmental Quality Act Air Quality Guidelines.” BAAQMD, May 2011, available 
at:http://www.baaqmd.gov/~/media/Files/Planning%20and%20Research/CEQA/BAAQMD%20CEQA%20Guidelines
_May%202011_5_3_11.ashx, p. 2-5  
5 “The San Francisco Community Risk Reduction Plan: Technical Support Documentation.” BAAQMD, December 
2012, available at: 
http://www.gsweventcenter.com/Draft_SEIR_References%5C2012_12_BAAQMD_SF_CRRP_Methods_and_Finding
s_v9.pdf  
6 “The San Francisco Community Risk Reduction Plan: Technical Support Documentation.” BAAQMD, December 
2012, available at: 
http://www.gsweventcenter.com/Draft_SEIR_References%5C2012_12_BAAQMD_SF_CRRP_Methods_and_Finding
s_v9.pdf, p. 4 
7 “The San Francisco Community Risk Reduction Plan: Technical Support Documentation.” BAAQMD, December 
2012, available at: 
http://www.gsweventcenter.com/Draft_SEIR_References%5C2012_12_BAAQMD_SF_CRRP_Methods_and_Finding
s_v9.pdf, p. 40, 42 
 

http://www.baaqmd.gov/%7E/media/Files/Planning%20and%20Research/CEQA/BAAQMD%20CEQA%20Guidelines_May%202011_5_3_11.ashx
http://www.baaqmd.gov/%7E/media/Files/Planning%20and%20Research/CEQA/BAAQMD%20CEQA%20Guidelines_May%202011_5_3_11.ashx
http://www.gsweventcenter.com/Draft_SEIR_References%5C2012_12_BAAQMD_SF_CRRP_Methods_and_Findings_v9.pdf
http://www.gsweventcenter.com/Draft_SEIR_References%5C2012_12_BAAQMD_SF_CRRP_Methods_and_Findings_v9.pdf
http://www.gsweventcenter.com/Draft_SEIR_References%5C2012_12_BAAQMD_SF_CRRP_Methods_and_Findings_v9.pdf
http://www.gsweventcenter.com/Draft_SEIR_References%5C2012_12_BAAQMD_SF_CRRP_Methods_and_Findings_v9.pdf
http://www.gsweventcenter.com/Draft_SEIR_References%5C2012_12_BAAQMD_SF_CRRP_Methods_and_Findings_v9.pdf
http://www.gsweventcenter.com/Draft_SEIR_References%5C2012_12_BAAQMD_SF_CRRP_Methods_and_Findings_v9.pdf
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2010 Cancer risk from diesel exhaust emitted by on-road vehicles  

 
 

2010 Cancer risk from total organic gases emitted by on-road vehicles  

 
 
Similarly, figures for projected cancer risks from on-road mobile emissions in 2014 and 2025 
demonstrate that these sources were not considered for future years (see figures below).  
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2014 Cancer risk from diesel exhaust emitted by on-road vehicles  

 
 

2014 Cancer risk from total organic gases emitted by on-road vehicles 
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2025 Cancer risk from diesel exhaust emitted by on-road vehicles  

 
 

2025 Cancer risk from total organic gases emitted by on-road vehicles 

 
 
Second, major developments within the Project area were under construction at time of modeling.  
These new developments are anticipated to generate a significant number of vehicle trips, thus 
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increasing the amount of diesel particulate matter (DPM) and TAC emissions nearby sensitive receptors 
would be exposed to.   

 
The DSEIR recognizes that emissions from all “foreseeable future sources” were not accounted for when 
evaluating the Project’s cumulative health risk impact. The DSEIR states,  
 

“The HRA takes into account the cumulative contribution of localized health risks to sensitive 
receptors from sources included in the Citywide modeling plus the proposed project’s sources. 
Other future projects, whose emissions have not been incorporated into the existing Citywide 
health risk modeling, such as Pier 70 and Seawall Lot 337/Pier 48 would similarly be subject to 
CEQA requirements to analyze the health risk impact of their project. However, health risk 
impacts are localized, and health risks from sources decrease substantially with increasing 
distance. Thus cumulative impacts from the Pier 70 and Seawall Lot 337/Pier 48 would not 
combine with the proposed project’s emissions to substantially increase health risks within the 
project vicinity. Thus, because the project-level analysis includes health risks from all known 
existing sources, the project-level analysis is also a cumulative health risk analysis” (p. 5.4-28).  

 
While the two projects discussed in the DSEIR would not necessarily contribute to the local health risk 
impact, there are many other projects located within the Project vicinity that could contribute to 
localized health risks. The proposed Project is one of many developments included in the Mission Bay 
Redevelopment Area (see figure below).8 
 

                                                           
8 Mission Bay Land Use Plan, November 2005, available at: 
http://sfocii.org/Modules/ShowDocument.aspx?documentid=783  

http://sfocii.org/Modules/ShowDocument.aspx?documentid=783
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According to the Mission Bay EIR, at buildout, the proposed developments are anticipated to generate 
approximately 218,549 vehicle trips per day, and approximately 2,684 truck trips per day (see table 
below).9  
 

Project Land Use Daily Vehicle 
Trips 

Annual Vehicle 
Trips Daily Truck Trips Annual Truck 

Trips 
Mission Bay 

North 73,710 26,904,150 674 246,010 

Mission Bay 
South 144,839 52,866,235 2,010 733,650 

Total Project 218,549 79,770,385 2,684 979,660 
 
 
Once construction of the proposed Mission Bay developments are completed, the DPM and TAC 
emissions from operational mobile-sources alone could result in a potentially significant impact on local 
health risk.  The health risk conducted in the DSEIR failed to account for these additional “foreseeable 
future sources,” and as a result, the Project’s cumulative health risk impact is underestimated.  It should 
be noted that the proposed developments encompass approximately 300 acres of land.  As is 

                                                           
9 “Final Mission Bay Subsequent Environmental Impact Report.” San Francisco Planning Department, September 
17, 1998, available at: http://www.sfocii.org/index.aspx?page=61  

Project 
Site 

http://www.sfocii.org/index.aspx?page=61
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demonstrated in the figure below, a significant portion of the proposed developments are within 1,000 
feet of the Project site.  
 

 
 
Therefore, the indirect vehicle emissions generated by the portion of developments located within 
1,000 feet could still significantly contribute to the local cancer risk.  When impacts from these sources 
are accounted for, the mitigated health risk at the UCSF Hospital of 86 in one million could substantially 
increase, potentially to a level in exceedance of the 100 in one million threshold.  
 
Finally, construction emissions from major developments within the area, while analyzed, were not 
included in the citywide model. Modeled background ambient cancer risk relied upon by the DSEIR does 
account for major construction projects approved at time of modeling, including ones at Mission Bay.  
However, the analysis conducted was extremely limited, and the results of this analysis were not 
included in the total citywide model.  The San Francisco Community Risk Reduction Plan: Technical 
Support Documentation report states,  

 
“No emission estimates were made for project year 2014. Emissions were estimated to 
represent the phase of construction expected to occur over the course of the modeling year and 
are not meant to encompass the entire project construction. Only exhaust emissions from 
construction equipment were included in the inventory; the analysis did not quantify emissions 
from fugitive dust or road dust. Health risk estimated from the emissions of construction 
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projects are for informational purposes only and were not included in the city-wide 
assessment.”10 

 
As is evident from the figure below, there are major construction projects underway in 2010 within the 
vicinity of the Project, and major construction projects anticipated to occur in 2025.11  

 
 
By failing to account for the additional impacts from these local sources, the cumulative health risk 
impact at the Project site is greatly underestimated.  

Failure to Utilize Values from Updated Health Risk Assessment Guidelines  
In February 2015, the California Environmental Protection Agency’s Office of Environmental Health 
Hazard Assessment (OEHHA) released updated health risk assessment guidelines that require risk 
calculations for specific age groupings.12  The FSEIR fails to incorporate recommended age specific 
inhalation rates set forth in this updated guidance document, arguing that “air districts do not always 

                                                           
10  “The San Francisco Community Risk Reduction Plan: Technical Support Documentation.” BAAQMD, December 
2012, available at: 
http://www.gsweventcenter.com/Draft_SEIR_References%5C2012_12_BAAQMD_SF_CRRP_Methods_and_Finding
s_v9.pdf, p. 23. 
11 “The San Francisco Community Risk Reduction Plan: Technical Support Documentation.” BAAQMD, December 
2012, available at: 
http://www.gsweventcenter.com/Draft_SEIR_References%5C2012_12_BAAQMD_SF_CRRP_Methods_and_Finding
s_v9.pdf, p. 34 
12 “Risk Assessment Guidelines: Guidance Manual for Preparation of Health Risk Assessment.” Office of 
Environmental Health Hazard Assessment, February 2015, available at: 
http://oehha.ca.gov/air/hot_spots/hotspots2015.html  

http://www.gsweventcenter.com/Draft_SEIR_References%5C2012_12_BAAQMD_SF_CRRP_Methods_and_Findings_v9.pdf
http://www.gsweventcenter.com/Draft_SEIR_References%5C2012_12_BAAQMD_SF_CRRP_Methods_and_Findings_v9.pdf
http://www.gsweventcenter.com/Draft_SEIR_References%5C2012_12_BAAQMD_SF_CRRP_Methods_and_Findings_v9.pdf
http://www.gsweventcenter.com/Draft_SEIR_References%5C2012_12_BAAQMD_SF_CRRP_Methods_and_Findings_v9.pdf
http://oehha.ca.gov/air/hot_spots/hotspots2015.html
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adopt OEHHA methodologies verbatim or immediately” (p. 13.13-50, 13.13-51).  While this may be true, 
OEHHA is the regulatory agency responsible for determining what default values should be used within a 
health risk, and until the Air District updates its health risk guidance to reflect OEHHA’s proposed 
updates, recommendations set forth by OEHHA should be used. Furthermore, these age-specific 
breathing rates were formally adopted and implemented prior to adoption of this most recent guidance 
(March 2015), contrary to what the FSEIR suggests. Due to these reasons, prior to certification of the 
FSEIR, an updated health risk assessment should be prepared to include these updated values. 
 
OEHHA was tasked with to developing guidelines for conducting health risk assessments under the Air 
Toxics Hot Spots Program (Health and Safety Code Section 43360(b)(2)).  OEHHA initially developed 
Technical Support Documents (TSDs) in 1999-2000 in response to this statutory requirement.  Since 
2000, they have revised and adopted TSDs in an effort to present updated methodologies that reflect 
scientific knowledge and techniques developed since the previous guidelines were prepared; in 
particular, to explicitly include consideration of possible differential effects on the health of infants, 
children and other sensitive subpopulations, in accordance with the mandate of the Children’s 
Environmental Health Protection Act (Senate Bill 25, Escutia, Chapter 731, Statutes of 1999, Health and 
Safety Code Sections 39669.5 et seq.).13   
 
Updated breathing rates for children and infants were adopted by OEHHA more than two years prior to 
the time the FSEIR’s health risk assessment was conducted.  In August of 2012, OEHHA formally adopted 
the Technical Support Document for Exposure Assessment and Stochastic Analysis.14  Chapter three of 
this document discusses “age-specific breathing rates for use in health risk assessments for short-term 
exposure…and for long-term daily average exposures resulting from continuous or repeated 8-hour 
exposure.”15  OEHHA recommends the long-term daily breathing rates in Table 3.1 of this document (see 
excerpt below).  

 

                                                           
13 Adoption of the Revised Air Toxics Hot Spots Program Technical Support Document for Cancer Potency Factors,   
Office of Environmental Health Hazard Assessment, June 1, 2009, available at: 
http://www.oehha.ca.gov/air/hot_spots/tsd052909.html  
14 Adoption of the Revised Air Toxics Hot Spots Program Risk Assessment Guidelines: Revised Technical Support 
Document for Exposure Assessment and Stochastic Analysis, Office of Environmental Health Hazard Assessment, 
August 27,2012, available at: http://www.oehha.ca.gov/air/hot_spots/tsd082712.html  
15 http://www.oehha.ca.gov/air/hot_spots/pdf/2012tsd/Chapter3_2012.pdf p. 3-1 

http://www.oehha.ca.gov/air/hot_spots/tsd052909.html
http://www.oehha.ca.gov/air/hot_spots/tsd082712.html
http://www.oehha.ca.gov/air/hot_spots/pdf/2012tsd/Chapter3_2012.pdf
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Therefore, to provide an appropriate analysis of the health effects on children, the 95th percentile 
breathing rates for children should have been applied at the time the analysis was conducted, and 
should be applied now in an updated health risk assessment in an effort to determine the potential 
cancer risk posed to children and infants residing near the Project site.  

The DSEIR utilizes a breathing rate of 581 L/kg-day for children at each sensitive receptor location, and 
uses a breathing rate of 302 L/kg-day for an adult resident (see table below) (Appendix AQ, Table 6.1-7).  

 

In an effort to demonstrate how greatly the breathing rates affect the overall health risk posed to each 
sensitive receptor, we conducted a simple analysis where we kept every health risk parameter the same, 
and only changed the breathing rates between the two assessments.  Using the DSEIR’s child breathing 
rate of 581 L/kg-day, and assuming that each receptor would be exposed to an ambient air 
concentration of 0.5 µg/m3 for two years, we estimated a child resident cancer risk of 88 in one million 
(see table below).  

Parameter Description Units Child 
Cair Concentration µg/m3 0.5 
DBR Daily breathing rate L/kg-day 581 
EF Exposure Frequency days/year 350 
ED Exposure Duration years 2 
AT Averaging Time days 25550 
  Inhaled Dose (mg/kg-day) 8.17E-06 

CPF Cancer Potency Factor 1/(mg/kg-day) 1.1 
ASF Age Sensitivity Factor - 10 

Cancer Risk (in one million) 88 
 

When OEHHA’s updated breathing rate of 1,090 L/kg-day is used, we estimate a child resident cancer 
risk of 164 in one million (see table below).  

Parameter Description Units Child 
Cair Concentration µg/m3 0.5 
DBR Daily breathing rate L/kg-day 1090 
EF Exposure Frequency days/year 350 
ED Exposure Duration years 2 
AT Averaging Time days 25550 
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  Inhaled Dose (mg/kg-day) 8.17E-06 
CPF Cancer Potency Factor 1/(mg/kg-day) 1.1 
ASF Age Sensitivity Factor - 10 

Cancer Risk (in one million) 164 
 

This simple analysis demonstrates that when the updated breathing rate for a child receptor is utilized, 
the cancer risk is nearly doubled.   
 
It is particularly critical that the analysis consider the actual impacts of TACs on child receptors based on 
their actual breathing rates because the maximally exposed receptors near the Project site are children, 
including children at the UCSF Benioff Children’s Hospital. 

Conclusion 
The FSEIR remains inadequate as an assessment of the health risks from the Project’s TAC emissions, 
both by itself and cumulatively in combination with other TAC sources.  It should be revised to provide a 
project-specific analysis, to provide a cumulative analysis that includes all foreseeable future projects, 
and to assess TAC impacts to children based on current science and OEHHA guidance. 
 

Sincerely, 

 

Paul Rosenfeld 

 

Jessie Jaeger  
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Glossary 
 
Acute Hazard Index Acute Hazard Index is the ratio of the average short term (generally one 

hour) ambient concentration of an acutely toxic substance(s) divided by the 
acute reference exposure level set by the Office of Environmental Health 
Hazard Assessment.  If this ratio is above one, then adverse health effects 
may occur. 

 
Background Risk Background risk is the risk level found throughout an area. This risk is not 

caused by a particular facility; it is the cumulative risk and may be partly 
due to air pollution from vehicle traffic. 

 
Cancer Risk Cancer risk is defined as the probability that an individual will contract 

cancer usually expressed as so many chances per million persons exposed 
to a specified concentration of carcinogenic substance(s).  

 
Chronic Hazard Index Chronic Hazard Index is the ratio of the average annual ambient 

concentration of a chronically toxic substance(s) divided by the chronic 
reference exposure level set by the Office of Environmental Health Hazard 
Assessment.  If this ratio is above one, then adverse health effects may 
occur. 

 
Commenting Agency A commenting agency is any public agency that comments on a CEQA 

document, but is neither a lead agency nor a responsible agency. For 
example, a local air district, as the agency with the responsibility for air 
pollution control, could review and comment on an air quality analysis in 
a CEQA document, even though the project was not subject to an air 
permit or other air pollution control requirements. 

 
Cumulative impact Cumulative impacts represent the risks from all onsite sources and from 

sources near enough to the project to significantly contribute to the total 
risk levels. 

Hot Spots Program Health and Safety Code §44300-44394, Program which requires existing 
sources to inventory toxic emissions, prepare risk assessments, notify 
significantly exposed receptors, and prepare and implement risk reduction 
plans. 

 
Lead Agency A lead agency is the public agency that has the principal responsibility for 

carrying out or approving a project that is subject to CEQA.  In general, 
the land use agency is the preferred public agency serving as lead agency, 
because it has jurisdiction over general land uses. The lead agency is 
responsible for determining the appropriate environmental document, as 
well as its preparation. 
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Receptors Receptors include sensitive receptors and worker receptors.  Sensitive 
receptors refer to those segments of the population most susceptible to 
poor air quality (i.e., children, the elderly, and those with pre-existing 
serious health problems affected by air quality). Land uses where 
sensitive individuals are most likely to spend time include schools and 
schoolyards, parks and playgrounds, daycare centers, nursing homes, 
hospitals, and residential communities (these sensitive land uses may also 
be referred to as sensitive receptors). Worker receptors refer to employees 
and locations where people work. 
 

Responsible Agency A responsible agency is a public agency, other than the lead agency, with 
discretionary approval authority over a project that is subject to CEQA 
(i.e., project requires a subsequent permit).  

 
Risk Assessment An evaluation that assesses the impact of toxic substances affecting 

receptors.  A risk assessment can include minimal input parameters 
resulting in conservative results (screening risk assessment) or include 
increasingly detailed input parameters (refined risk assessment). 

 
Source A source is referred to as the locality where toxic emissions originate and 

are released into the atmosphere.  Sources of emissions are categorized into 
groups such as point source (e.g., refinery) or line source (e.g., roadway). 

 
Type A Project Land use project that impacts receptors near the project. 

Type B Project Land use project with receptors that are impacted by nearby, existing 
toxics sources. 
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Acronyms 

ARB:  California Air Resources Board 

ATCM: Air Toxic Control Measure 

CAPCOA: California Air Pollution Control Officers Association 

CEQA: California Environmental Quality Act 

DPM:  Diesel Particulate Matter 

EIR:  Environmental Impact Report 

EPA:  U.S. Environmental Protection Agency 

HRA:  Health Risk Assessment 

OEHHA: California Office of Environmental Health Hazard Assessment 

PM:  Particulate Matter 

REL:  Reference Exposure Level 

TAC:  Toxic Air Contaminant 

TBACT: Toxic Best Available Control Technology 

 
 





Executive Summary

 

 

1 

Executive Summary 
 
This guidance was prepared to assist Lead Agencies in complying with the requirements of the 
California Environmental Quality Act (CEQA)1. CEQA requires environmental impacts of a 
proposed project be identified, assessed, and avoided or mitigated (as possible) if these impacts 
are significant.  To determine the impact of airborne toxic emissions [i.e., toxic air contaminants 
(TACs)] for CEQA purposes, health risk assessments must be prepared.  This document 
describes when and how a health risk assessment should be prepared and what to do with the 
results. 
 
In 2005, the California Air Resources Board (ARB) prepared the Air Quality and Land Use 
Handbook: a Community Health Perspective (ARB Handbook)2, to help readers understand 
the potential cancer risks from some common sources of toxic emissions such as: 

 Freeways and High Traffic Volume Roads, 
 Goods Distribution Centers, 
 Rail Yards, 
 Ports, 
 Refineries, 
 Chrome Platers, 
 Dry Cleaners using Perchloroethylene, and 
 Gasoline Dispensing Facilities. 

 
The ARB Handbook identified the potential cancer risks at various distances from these sources 
and recommended buffer distances between those sources and receptors.   
 
Recent air pollution studies have shown an association between respiratory and other non-cancer 
health effects and proximity to high traffic roadways.  Other studies have shown that diesel 
exhaust and other cancer-causing chemicals emitted from cars and trucks are responsible for 
much of the overall cancer risk from airborne toxics in California.   
 
While local air districts have ample experience evaluating and mitigating toxic emissions from 
permitted stationary sources, most have limited experience preparing or reviewing risk 
assessments associated with multiple toxic sources or assessments for exhaust from mobile 
sources that are typically found when evaluating health risks to proposed land use projects. 
 
In order to provide consistency to lead agencies, project proponents and the general public 
throughout the state, the California Air Pollution Control Officers Association (CAPCOA) 
formed a subcommittee composed of representatives from the Planning Managers Committee 
and the Toxic Risk Managers Committee to develop guidance on assessing the health risk 
impacts from and to proposed land use projects.  This CAPCOA guidance document focuses on 
the acute, chronic, and cancer impacts of sources affected by CEQA.   It also outlines the 
                                                 
1 Title 14 California Code of Regulations, Chapter 3. Guidelines for Implementation of the California Environmental 

Quality Act. 
 

2 Air Quality and Land Use Handbook: a Community Health Perspective, CARB, April 2005, 
http://www.arb.ca.gov/ch/handbook.pdf 
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recommended procedures to identify when a project should undergo further risk evaluation, how 
to conduct the health risk assessment (HRA), how to engage the public, what to do with the 
results from the HRA, and what mitigation measures may be appropriate for various land use 
projects.  With respect to health risks associated with locating sensitive land uses in proximity to 
freeways and other high traffic roadways, HRA modeling may not thoroughly characterize all the 
health risk associated with nearby exposure to traffic generated pollutants. 
 
This guidance does not include how risk assessments for construction projects should be 
addressed in CEQA.  As this is intended to be a “living document”, the risks near construction 
projects are expected to be included at a later time as the toxic emissions from construction 
activities are better quantified.   State risk assessment policy is likely to change to reflect current 
science, and therefore this document will need modification as this occurs. 
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1.0 Requirements to Evaluate Health Risks in CEQA 
 
This guidance was prepared to assist Lead Agencies in complying with the requirements of the 
California Environmental Quality Act (CEQA)3.   CEQA requires that environmental impacts of 
proposed projects be identified, assessed, avoided and/or mitigated (as possible) if the 
environmental impacts are significant. 
 
Section 15126.2(a) requires the following: “An Environmental Impact Report (EIR) shall identify 
and focus on the significant environmental effects of the proposed project.  In assessing the 
impact of a proposed project on the environment, the lead agency should normally limit its 
examination to changes in the existing physical conditions in the affected area as they exist at the 
time the notice of preparation is published, or where no notice of preparation is published, at the 
time environmental analysis is commenced.  Direct and indirect significant effects of the project 
on the environment shall be clearly identified and described, giving due consideration to both 
the short-term and long-term effects. The discussion should include relevant specifics of the 
area, the resources involved, physical changes, alterations to ecological systems, and changes 
induced in population distribution, population concentration, the human use of the land 
(including commercial and residential development), health and safety problems caused by the 
physical changes, and other aspects of the resource base such as water, historical resources, 
scenic quality, and public services. The EIR shall also analyze any significant environmental 
effects the project might cause by bringing development and people into the area affected.  For 
example, an EIR on a subdivision astride an active fault line should identify as a significant 
effect the seismic hazard to future occupants of the subdivision. The subdivision would have the 
effect of attracting people to the location and exposing them to the hazards found there.” 
 
This language is included here to clearly show that risk assessments can be required for both 
projects that will impact nearby receptors (Type A), and projects that will be impacted by nearby 
sources (Type B). 

                                                 
3 Pub. Resources Code § 21067; 14 Cal. Code Regs., §§ 15150, 15367. 
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2.0 Overview of the Process 
 
Figure 1 shows an overview of the proposed Health risk Assessment (HRA) process.  There are 
basically two types of land use projects that have the potential to cause long-term public health 
risk impacts:    

 
Type A - Land use projects with toxic emissions that impact receptors, and 
Type B - Land use project that will place receptors in the vicinity of existing toxics sources. 
 
Type A project examples (project impacts receptors): 

 combustion related power plants, 
 gasoline dispensing facilities, 
 asphalt batch plants, 
 warehouse distribution centers, 
 quarry operations, and 
 other stationary sources that emit toxic substances. 

 
Type B project examples (project impacted by existing nearby toxic sources): 

 residential, commercial, and institutional developments proposed to be located in the 
vicinity of existing toxic emission sources such as: 
o stationary sources, 
o high traffic roads 
o freeways, 
o rail yards, and 
o ports. 
 

The flowchart (Figure 1) shows how to proceed with the CEQA process when either a Type A or 
Type B related project is proposed.  The following summarizes the process for proceeding 
through the flowchart: 

 
 First determine if the project is categorically exempt from CEQA; 
 Next, determine if the project is impacting, or being impacted (Type A or B); 
 Using screening methods, calculate acute, chronic, and cancer risk; 
 If the screening analysis indicates significant health risk as defined by the lead agency, 

demonstrate that risks will be mitigated with all feasible measures even though a refined 
risk assessment may show that less mitigation is needed; 

 Or, conduct a refined screening risk assessment; and, 
 If the risk continues to be deemed significant by the lead agency even with the refined 

screening, demonstrate that the risks will be adequately mitigated with feasible measures. 
 

Air districts, in their role as either a responsible agency or a commenting agency, should review 
the HRA and communicate to the lead agency their evaluation of the risk assessment and 
whether it is fully described (e.g., methodology, assumptions and resulting risk values) and 
mitigated with all feasible measures.   
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Is the project listed as 
catetorically exempt under 

CEQA or District CEQA 
Guidelines?

Process for determining whether a risk assessment and mitigation is needed for projects subject to CEQA
Projects included are those that emits toxic substances that may impact the public, and projects that may be impacted by existing sources of toxic emissions .

District comments that 
project will not be fully 

mitigated, states project 
risks, and identifies 

addition feasible mitigation 
measures.

Is project impacted by toxic emissions, 
or does it emit toxic emissions even 

though it is categorically exempt? (See 
Table 1 "exception" from exemption)?

Project can claim CEQA 
exemption. 

Using screening 
methods, is further 

review recommended?

Is source or receptor 
willing to mitigate 

screening based risks?

Will proposed 
mitigation 

measures fully 
mitigate impacts?

Is source or receptor 
willing to mitigate refined 

analysis based risks?

Using refined methods, is 
there still a potential for 

adverse risks?

District comments that 
project will not be fully 

mitigated, states project 
risks, and identifies 

addition feasible mitigation 
measures.

Using screening 
methods, is further 

review recommended?

Is source willing to 
mitigate screening 

based risks?

Will proposed 
mitigation 

measures fully 
mitigate impacts?

District 
comments that 
project will not 
cause, or be 

impacted by a 
significant risk, 
or District may 
choose not to 

comment.

Is source willing to 
mitigate refined analysis 

based risks?

Using refined methods, 
is there still a potential 
for significant risks?

Will project be 
mitigated to the extent 

feasible?

District comments that project will not be fully mitigated, states project risks, and identifies addition feasible mitigation measures.

Is source willing to 
prepare a more 

refined risk 
assessment?

Is project being impacted 
willing to prepare a more 
refined risk assessment?

 

 
Figure 1. Overview of Health Risk Assessment
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3.0 Overview of Risk Assessment Methodology and Guidance 
Documents 
 
This document bases the risk assessment methodology on the procedures developed by the 
California Office of Environmental Health Hazard Assessment (OEHHA) to meet the mandates 
of the Air Toxics "Hot Spots" Information and Assessment Act (AB 2588).  The Hot Spots 
program applies to stationary sources and requires affected facilities to prepare a toxic emissions 
inventory, and if the emissions are significant, that a risk assessment be prepared.    The OEHHA 
procedures can be found at http://www.oehha.ca.gov/air/hot_spots/index.html and describe: 

 
 The toxicity factors associated with various substances, 
 How these toxicity factor are to be used to determine the acute, chronic, and cancer risks 

associated with downwind concentrations of chemicals in the air at various receptors, and 
 Dispersion modeling procedures.  
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4.0 CEQA Exemptions 
 
The first step in a risk analysis is to determine if the project is statutorily or categorically  
exempt from CEQA.  There are no exceptions to statutorily exempt projects, however, certain 
projects that are categorically exempt under the state or air district guidelines, may emit toxic 
emissions or may be impacted by existing toxic sources.   Table 1 shows the exceptions from 
categorical exemptions where an HRA evaluation is needed.  These are situations where a 
project proponent or lead agency may not rely on a categorical exemption because the health risk 
may trigger an exception (CEQA §15300.2), preventing their use.  In such cases, a negative 
declaration or environmental impact report should be prepared. 

 
Table 1 

Categorical Exemptions Requiring HRA Evaluation4  
 

Categorical Exemption 
 

Exempt Activity with Possible Impact 
 

15301. Existing Facilities This exemption also allows use of a single-family residence as 
a day care facility without CEQA review.  However, such uses 
near existing TAC emissions may warrant further review.  

15302. Replacement or 
Reconstruction 

This exemption allows the replacement or construction of 
existing schools and hospitals in certain cases without CEQA 
review.  However, locating new facilities near existing TAC 
emissions may warrant further review. 

15303. New Construction or 
Conversion of Small Structures 

This exemption class allows small new construction projects 
to proceed without CEQA review.  However, projects 
claiming this exemption should be reviewed for possible TAC 
impacts from ongoing nearby sources. 

15314. Minor Additions to Schools This exemption class allows small school addition projects to 
proceed without CEQA review.  However, projects claiming 
this exemption should be reviewed for possible TAC impacts 
from ongoing nearby sources. 

15316. Transfer of Ownership of 
Land in Order to Create Parks 

Exemptions in this class should be reviewed for possible 
impacts from locating near ongoing sources of TAC. 

15332. In-Fill Development 
Projects. 

This exemption class allows certain in-fill development 
projects to proceed without CEQA review.  However, projects 
claiming this exemption should be reviewed for possible TAC 
impacts from ongoing nearby sources such as high volume 
roadways and freeways. 

                                                 
4 Although methodology for assessing health risk for construction projects is not included in this document, lead 
agencies under CEQA are required to identify health risk from construction activities or projects and mitigate if they 
are deemed significant. 
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5.0 Screening Risk Assessments 
 

Various tools already exist to perform a screening analysis from stationary sources impacting 
receptors (Type A projects) as developed for the AB2588 Hot Spots and air district permitting 
programs.  Local air districts should be contacted for appropriate screening tools for proposed 
projects.  Screening tools may include: prioritization charts, SCREEN3 and various spreadsheets. 
   
For projects being impacted by existing sources (Type B projects), one screening tool is 
contained in the ARB Handbook4.  The handbook includes a table (reproduced in these guidance 
documents as Table 2) with recommended buffer distances associated with various types of 
common sources. ARB’s Handbook focuses on community health and provides important public 
health information to land use decision makers.  In this document, ARB’s primary goal is to 
provide information that will help keep California’s children and other vulnerable populations 
out of harm’s way with respect to nearby sources of air pollution. 
 
For example, as shown in Table 2, ARB recommends avoiding siting new sensitive land uses 
such as residences, schools, daycare centers, playgrounds, or medical facilities within 500 feet of 
a freeway, urban roads with traffic volumes exceeding 100,000 vehicles/day, or rural roads with 
volumes greater than 50,000 vehicles/ day.  Therefore, siting a residential project within 500 feet 
of a freeway, and the associated public health risks, should be disclosed as such in a CEQA 
document.  Re-designing the project so that sensitive receptors are moved greater than 500 feet 
away from such roadways may mitigate the risk.  Other non-sensitive land uses such as 
commercial uses may be sited in this area.  ARB recommends that their guidelines be considered 
by the decision makers along with housing needs, economic development priorities, and other 
quality of life issues. It should also be noted that health risk assessments conducted on sensitive 
land uses in close proximity to freeways and other high traffic roadways may not thoroughly 
characterize all the health risk associated with nearby exposure to traffic generated pollutants.  

 



Section 5.0
Screening Risk Assessments

 

9 

Table 2 
Recommendations on Siting New Sensitive Land Uses Such As Residences, Schools, 

Daycare Centers, Playgrounds, or Medical Facilities 5 
 

Source Category Advisory Recommendations  

Freeways and high-
traffic roads 

 Avoid siting new sensitive land uses within 500 feet of a freeway, urban roads with 
100,000 vehicles/day, or rural roads with 50,000 vehicles per day.  

Distribution centers 

 Avoid siting new sensitive land uses within 1,000 feet of a distribution center (that 
accommodates more than 100 trucks per day, more than 40 trucks with operating 
transport refrigeration units (TRUs) per day, or where TRU unit operations exceed 300 
hours per week). 

 Take into account the configuration of existing distribution centers and avoid locating 
residences and other new sensitive land uses near entry and exit points. 

Rail yards 

 Avoid siting new sensitive land uses within 1,000 feet of a major service and 
maintenance rail yard.   

 Within one mile of a rail yard, consider possible siting limitations and mitigation 
approaches. 

Ports 
 Avoid siting of new sensitive land uses immediately downwind of ports in the most 

heavily impacted zones.  Consult local air districts or the ARB on the status of 
pending analyses of health risks. 

Refineries 
 Avoid siting new sensitive land uses immediately downwind of petroleum refineries.  

Consult with local air districts and other local agencies to determine an appropriate 
separation. 

Chrome platers  Avoid siting new sensitive land uses within 1,000 feet of a chrome plater. 

Dry cleaners using 
perchloroethylene 

 Avoid siting new sensitive land uses within 300 feet of any dry cleaning operation.  
For operations with two or more machines, provide 500 feet.  For operations with 3 or 
more machines, consult with the local air district. 

 Do not site new sensitive land uses in the same building with perc dry cleaning 
operations. 

Gasoline dispensing 
facilities 

 Avoid siting new sensitive land uses within 300 feet of a large gas station (defined as a 
facility with a throughput of 3.6 million gallons per year or greater).  A 50 foot 
separation is recommended for typical gas dispensing facilities. 

 

                                                 
5
 

 These recommendations are advisory.  Land use agencies have to balance other considerations, including housing and transportation 
needs, economic development priorities, and other quality of life issues. 

 Recommendations are based primarily on data showing that the air pollution exposures addressed here (i.e., localized) can be reduced 
as much as 80% with the recommended separation. 

 The relative risk for these categories varies greatly.  To determine the actual risk near a particular facility, a site-specific analysis 
would be required.  Risk from diesel PM will decrease over time as cleaner technology phases in. 

 These recommendations are designed to fill a gap where information about existing facilities may not be readily available and are not 
designed to substitute for more specific information if it exists.  The recommended distances take into account other factors in addition 
to available health risk data (see individual category descriptions).  

 Site-specific project design improvements may help reduce air pollution exposures and should also be considered when siting new 
sensitive land uses.  

 This table does not imply that mixed residential and commercial development in general is incompatible.  Rather it focuses on known 
problems like dry cleaners using Perchloroethylene that can be addressed with reasonable preventative actions. 

 A summary of the basis for the distance recommendations can be found in the ARB Handbook. 
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6.0 Refined Risk Assessments 
 

If a screening risk assessment shows that a risk is a concern, then a more refined analysis may  
be prepared.  The refined analysis for the project may show lower risks, and provide more 
accurate information for decision makers.  The screening assessment uses more conservative 
assumptions and thus gives higher risk than refined assessment.  Risk assessments are normally 
prepared in a tiered manner, where progressively more input data is collected to refine the 
results.  These guidelines include the evaluation of both mobile and stationary sources. 
 
Attachment 1 to this document consists of the Technical Modeling and Risk Assessment 
Guidance which address various air quality dispersion modeling issues pertinent to California 
and is based primarily on information found in ARB, EPA and OEHHA guidance. 
 
Appendix A, Meteorological Data, provides information on preparing meteorological data, 
mixing height and upper air data and land use characterization. 
   
Appendix B, Modeling and Exposure Assessment Input and Output Data, is a checklist of 
parameters designed to provide an overview of all information that should be submitted for a 
refined air dispersion modeling assessment. 
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7.0 Risk Thresholds 
 
An air district can set CEQA significant risk thresholds (e.g. the excess cancer risk shall be less 
than ten per million, the acute or chronic hazard index shall be less than one, or other 
significance levels as arrived at through a public process) that are used on a per-project basis.  If 
the air district’s governing board has adopted specific risk thresholds, the lead agency may 
choose to use them to determine acceptable risk levels.  Additionally, clear risk thresholds are 
helpful when mitigation measures are necessary.  The degree of mitigation can be clearly defined 
when a risk threshold has been determined before a project is proposed. 
 
The absence of a risk threshold does not relieve an agency of its obligation to address toxic 
emissions from projects under CEQA.  The implications of not having a threshold are different 
depending on the role the agency has under CEQA – whether it is acting as a commenting 
agency, as a responsible agency, or as a lead agency. 
 

7.1 Significant Risk Thresholds - Type A (Impacting Sources) 

For Type A projects, those that generate toxic air contaminants (such as gasoline 
stations, distribution facilities or asphalt batch plants), air districts are uniform in their 
recommendation to use the significance thresholds that have been established under each 
district’s “Hot Spots” and permitting programs.  For the majority of the air districts the 
excess cancer risk significance threshold is set at 10 in a million.  For toxic air 
contaminants with acute and chronic, non-carcinogenic health effect, a hazard index of 
one must not be exceeded.  Depending on the substances being emitted, a project with a 
hazard index greater than one could result in adverse health effects of various sorts.  It 
should be noted that a hazard index exceeding one may need additional analysis to 
determine whether the acceptable level of acute or chronic risk could be higher 
depending upon the safety factors that were incorporated into the reference exposure 
levels (RELs) associated with the hazard index results.  This additional analysis could be 
considered an additional refinement tier.   
 
It should be noted that these thresholds may be applied differently for air district 
permitting, the Hot Spots program, and CEQA.  For air district permitting, the thresholds 
apply only to individual permit units.  For the Hot Spots program, the thresholds apply to 
the entire facility excluding vehicle emissions.  Neither the permitting programs nor the 
Hot Spots program apply to vehicle emissions.  For CEQA, the thresholds apply to all 
facilities including vehicle emissions, and road related emissions.  

7.2 Significant Risk Thresholds - Type B (Projects Impacted by Existing 
Sources) 

For Type B projects, those that are impacted by existing sources, air districts are not 
uniform in their recommendation on what significance threshold should be adopted or 
what processes should  be undertaken when disclosing potential risks. 
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The CEQA statutes encourage an air district or any lead agency to establish significance 
thresholds under CEQA for any pollutant.  While there are considerations that support 
the establishment of thresholds, there is no obligation to do so.  The absence of a 
threshold does not relieve agencies of their obligations to address toxic emissions from 
projects under CEQA.  The implications of not having a threshold are different 
depending on the role the agency has under CEQA – whether it is acting in commenting 
agency, as a responsible agency, or as a lead agency. 
 
An air district or other lead agency may elect not to establish significance thresholds for 
a number of reasons.  
 
A lead agency or air district may also determine there is insufficient information to 
support selecting one specific threshold over another.  Air districts have historically 
recommended CEQA thresholds for air pollutants in the context of the air district’s clean 
air attainment plan, or (in the case of toxic air pollutants) within the framework of a rule 
or policy that manages risks and exposures due to toxic pollutants. 
 
Significance levels have been approached differently by air districts as enumerated 
below: 

 Thresholds can be based on a specific risk level such that a 10 per million excess 
cancer risk and an acute and chronic hazard index of one should not be exceeded.  
These thresholds tend to be consistent with the Hot Spot Program thresholds. 

 Thresholds can also be based on the region’s existing background cancer risk 
value if one exists. 

o One option is to establish a risk level equal to a region’s background risk 
level. 

o Another option is to establish a risk level equal to twice a region’s 
background risk level. 

o Still another option is to look at the ambient risk in the immediate vicinity 
of the project area rather than the regional risk level. 

 Case by case thresholds may also be defined. 
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8.0 Mitigation Measures 
 
CEQA requires that adverse environmental impacts of a proposed project be identified, assessed, 
avoided, and, if deemed significant, mitigated (as feasible) to a level that is considered less than 
significant.  “’Feasible’ means capable of being accomplished in a successful manner within a 
reasonable period of time, taking into account economic, environmental, legal, social, and 
technological factors” (CEQA Guidelines §15364). 
 
In cases where significant adverse impacts are not avoided or substantially lessened, the public 
agency may approve the project if it first adopts a “statement of overriding considerations.”  The 
statement of overriding considerations sets forth the specific reasons why the public agency 
found the project’s benefits outweigh its unavoidable adverse environmental effects (CEQA 
Guidelines§15043). 
 
In addition to being a CEQA requirement, mitigating public exposure to toxic air pollution is 
needed to achieve air district goals.  All potentially significant emission sources must be 
mitigated to the greatest extent feasible, including placing people out of harm’s way.   
 
Table 3 presents mitigation measures that are currently considered to be feasible to reduce health 
risk from both Type A and Type B projects.  The mitigation measures included in the table are 
not considered to be exhaustive.  The lead agency and project proponents are encouraged to think 
creatively in devising measures to mitigate air quality impacts.   However, the air districts 
recognize that the final determination of feasibility for a project will be determined by the lead 
agency.  Aside from the mitigation measures shown below, knowing about the regulatory 
programs to reduce air pollutant emissions through statewide strategies provide information to 
local air districts and lead agencies to help assess and mitigate cumulative air pollution impacts 
as well. 

8.1   Mitigations due to Air Toxic Control Measures 

ARB has been developing Air Toxic Control Measures (ATCMs) for many years.  Many 
of these measures have a phase-in schedule.  Implementation of others has already been 
completed.  While cancer and non-cancer risks from the air toxic sources implementing 
ATCMs are expected to decrease with time, the Office of Environmental Health Hazard 
Assessment (OEHHA) recommends that it is inappropriate to assume these yet-to-be 
realized emissions reductions in a health-risk assessment.  However, the project 
proponent is encouraged to become familiar with existing and proposed ATCMs in order 
to determine if any of the ATCMs affect project-specific emissions. 

8.2 Mitigating Through Land Use and Design 

To a certain extent, the long-term air quality impact of a project is a function of its 
design.  The layout of streets, the mix of land uses, and the placement of homes and 
businesses can all affect overall project emissions.  Yet in many instances, the air quality 
impacts of a project are not considered until well after a project has been designed.  At 
such a late stage, it can be very difficult to make any substantial changes to the project to 
reduce the project’s air quality impact.   
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As indicated throughout the ARB Handbook, land use agencies are strongly encouraged 
to consult early and often with local air districts.   Including air quality considerations 
during the initial design phase can help an applicant to implement design features that 
will reduce its air quality impact.   
 
In addition to considering the suitability of the project location, opportunities for 
mitigation of air pollution impacts through design should be considered.  In some cases, 
control devices and changes in processes may be implemented at the source in order to 
reduce the risk from toxic air contaminant emissions.  Examples of land-use based air 
quality specific performance standards include the following: 

 
 Placing a process vent away from the direction of nearby receptors, or 

increasing the stack height so that emissions are dispersed to reduce the 
emissions impact on the immediate surroundings. 

 Limiting the hours of operation of a facility to avoid excess emissions 
exposure to nearby individuals. 

 An ordinance that requires fleet operators to use cleaner vehicles before 
project approval (if a new business), or when expanding the fleet (if an 
existing business). 

 Providing alternate routes for truck operations that discourage detours into 
sensitive receptor neighborhoods. 

 
While such measures may reduce the dimensions of a buffer zone, they do not obviate the 
need to maintain buffer zones to protect public health and safety.  This is particularly true 
in situations where a sensitive receptor is encroaching on an existing source of toxic air 
contaminant.  Also note disclosure statements, community alert procedures, etc., that are 
targeted at potential receptors are not appropriate mitigations to be used in lieu of buffer 
zones or technical controls.   
 
Table 3 below contains examples of both project and program-level mitigation measures. 

 Project-level mitigation measures are applicable to development which results 
in the implementation or modification of a land use which creates 
unacceptable levels of risk.  Examples include redesigning the project to 
locate receptors away from TAC sources, the installation of barriers and/or 
vegetation and indoor air filtration. 

 
 Program-level mitigation measures, on the other hand, are applicable to long-

range community planning such as General Plans, and address land use 
incompatibility at a much earlier stage.  Examples of program-level mitigation 
measures include rezoning vacant land adjacent to high-volume roadways, 
ports, railroads or heavy industry to avoid future proposed siting of residential 
and/or sensitive receptors. 
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8.3 Mitigation Effectiveness 

The mitigation measures identified in Table 3 include both quantifiable and  
unquantifiable measures.   

8.3.1 Quantifiable Mitigation Measures 

The effect of quantifiable mitigation measures can be modeled or calculated 
beyond a reasonable doubt. As pertaining to health risk impacts, quantifiable 
mitigation measures generally result in a measurable reduction of toxic air 
contaminant emissions (such as DPM), or a measurable decrease in exposure to 
such emissions through increased buffer distances, reduced exposure durations or 
control devices having a certified control effectiveness. 
 
Examples of quantifiable mitigation measures include: 
 Diesel particulate filters: as of 2008, DPFs reduce the emissions of diesel 

particulate matter up to 85% as verified by the CARB. 
 Increasing the distance between a TAC source and receptor may reduce 

the receptor's level of exposure to TACs; the effect of this mitigation 
measure can be estimated through dispersion modeling; 

 Idling restrictions can greatly reduce or completely eliminate DPM 
emissions from stationary trucks; if such restrictions are quantitative and 
include a concrete limit on the number of minutes a truck (or similar) is 
allowed to idle, the benefits of this mitigation measure can be modeled. 

 
Several cautionary notes regarding estimating the effectiveness of mitigation 
measures are warranted: 
 
 Clearly explain the assumptions underlying the environmental document’s 

analysis of mitigation measure effectiveness.  The analysis should 
specifically describe the mitigation measure, identify the source(s) of air 
pollutants that are expected to be affected by the measure, clearly explain 
how and to what extent the measure will affect the source(s), and identify the 
basis for the estimate (empirical observations, computer modeling, case 
studies, etc.).  Critical assumptions should be linked to the mitigation 
monitoring and reporting program. 

 
 Be specific regarding implementation of mitigation measures.  The 

environmental document should describe each mitigation measure in detail, 
identify who is responsible for implementing the measure, and clearly explain 
how and when the measure will be implemented.  Methods for assessing the 
measure’s effectiveness once it is in place, and possible triggers for 
additional mitigation if necessary, may be needed.  This level of detail 
regarding mitigation measure implementation frequently is not addressed 
until the preparation of the mitigation monitoring and reporting program, 
which often takes place very late in the environmental review process.  In 
order to reliably assess the effectiveness and feasibility of mitigation 
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measures, however, air agencies believe it is necessary to consider the 
specifics of mitigation measure implementation as early in the environmental 
review process as possible. 

 
 Be sure not to double count the effect of proposed mitigation measures.  The 

project description and assumptions underlying the analysis of project 
impacts should be carefully considered when estimating the effect of 
mitigation measures.  If certain conditions or behavior are assumed in the 
impact analysis, then credit may not be claimed when proposing mitigation 
measures. 

 
 Health risk assessments discussed in this document estimate outdoor risk.  

While some mitigation measures may reduce risks by filtering outdoor air to 
be used indoors, they do nothing to reduce the risk assessment values for 
outdoor air. 

8.3.2 Unquantifiable Mitigation Measures 

In some cases, it simply may not be possible to quantify the effect of proposed 
mitigation measures.  It may be that the specific conditions surrounding a 
particular project are so unique as to render extrapolation from other examples 
unreliable.  A proposed measure may be innovative, with little precedent.  The 
combined effects of a package of measures may be too difficult to quantify.  
While a certain degree of professional judgment is usually involved in estimating 
the effectiveness of mitigation measures, speculative estimates should be avoided.  
If the project proponent cannot quantify mitigation effectiveness with a 
reasonable degree of certainty, the environmental document should at least 
address effectiveness qualitatively.  If the lead-agency makes a finding that non-
quantified mitigation measures reduce an impact to a level of insignificance, the 
document should provide a detailed justification of that conclusion. 

8.3.2.1 Effects of Vegetation Next to Roadways 

The Sacramento Air District funded a study to measure the removal rates 
of particulate matter passing through leaves and needles of vegetation.  
Particles were generated in a wind tunnel and a static chamber and passed 
through vegetative layers at low wind velocities.  Redwood, deodar cedar, 
live oak, and oleander were tested. The results from this study indicate 
that all forms of vegetation able to remove 65-85 percent of very fine 
particles at wind velocities below 1.5 meters per second (roughly 3 miles 
per hour) with redwood and deodar cedar being the most effective.   

This study supports the effectiveness of planting finely needled trees 
along sources of toxic particulate matter as an air toxics mitigation 
measure. Though further studies that reflect actual roadway conditions are 
needed to better quantify the real-world effectiveness of this mitigation 
measure, projects that propose sensitive receptors adjacent to sources of 
particulate matter such as freeways, major roadways, rail lines, and rail 
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yards should consider tiered plantings of redwood and/or deodar cedar  
in order to reduce toxic exposures. 

8.3.2.2 No Idle Zone 

California law currently places restrictions on idling of heavy-duty diesel 
motor vehicles to reduce health risk impacts from diesel emissions.   The 
2003 school bus idling airborne toxic control measure (ATCM) requires a 
driver of a school bus or vehicle, transit bus, or other commercial motor 
vehicle to manually turn off the bus or vehicle engine upon arriving at a 
school and to restart no more than 30 seconds before departing. A driver 
of a school bus or vehicle is subject to the same requirement when 
operating within 100 feet of a school and is prohibited from idling more 
than five minutes at each stop beyond schools, such as parking or 
maintenance facilities, school bus stops, or school activity destinations.  
 
California’s more recent anti-idling regulations (with some exemptions) 
require that drivers of diesel-fueled commercial vehicles weighing more 
than 10,000 pounds:  

 Shall not idle the vehicle’s primary diesel engine for greater than 5 
minutes at any location, 

 Shall not use diesel-fueled auxiliary power units for more than 5 
minutes to power a heater, air conditioner, or any ancillary 
equipment on the vehicle equipped with a sleeper berth, at any 
location. 

 
Lead agencies may place additional requirements on heavy duty diesel 
delivery and haul trucks less than 10,000 pounds, and create “no idle” 
zones at locations where there is a potential for significant health risk.  It 
may not be possible to quantify the emission reductions associated with 
the creation of a no idling zone.  However, this feasible mitigation 
measure may eliminate idling emissions and may avoid potentially 
significant health risk impacts.   

 
Table 3 

Mitigation Measures 
 

Source Category Mitigation Measure (listed in order of effectiveness by category) 
Stationary Sources Type A 
(Sources Impacting 
receptors) 
(e.g., Auto body shops, Gas 
Stations, Manufacturers, 
Metal Platers, Chemical 
Producers, Rock Quarries, 
Incinerators, Power Plants, 
Diesel Engines) 

1. Move source location to provide effective buffer zone. 
2. Reduce throughput. 
3. Install Toxic Best Available Control Technology (TBACT) to 

reduce the risks to below significance. 
4. Install other than TBACT air pollution control devices or process 

operation modifications. 
5. Address Diesel vehicle engines as listed below. 
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Source Category Mitigation Measure (listed in order of effectiveness by category)
Onsite Diesel Truck 
Activities (including 
transport refrigeration units) 

Idling Mitigation Measures: 
1. Move source location to provide effective buffer zone. 
2. Establish truck parking restrictions. 
3. Provide utility hook-ups for trucks that need to cool their load. 
4. Limit truck idling to <5 minutes (State law limits to 5 minutes of 

idling, and includes various exemptions). 
5. Require Trucks to operate an Auxiliary Power Unit. 
6. Require the installation of electrical hookups at loading docks and 

the connection of trucks equipped with electrical hookups to 
eliminate the need to operate diesel-powered TRUs at the loading 
docks. 

Onsite Truck Traveling Emissions: 
1. Move source location to provide effective buffer zone. 
2. Restrict operation to 2007 model year or newer trucks. 
3. Require or provide incentives to use Diesel Particulate Filters for 

truck engines. 
4. Re-route truck traffic by adding alternate access for truck traffic or 

by restricting truck traffic on certain sensitive routes. 
5. Improve traffic flow by signal synchronization. 
6. Implement incentive for improved communications of fluctuating 

demand forecasts for labor and equipment among carriers and 
operators. 

High-traffic road vehicle 
emissions impacting 
adjacent receptors 

1. Move receptors or source to provide effective buffer zone between 
the source and the receptor. 

2. Improve traffic flow by signal synchronization. 
3. Plant vegetation between receptor and roadway. 
4. Construct wall barriers between receptor and roadway. 
5. Install newer electrostatic filters in adjacent receptor buildings. 
6. Fund “clean” street sweepers. 
7. Improve road infrastructure to facilitate improved traffic flow 

without inducing capacity. 
8. Improve alternative transportation options 

Freeway vehicle emissions 
impacting adjacent 
receptors 

1. Move receptors or source to provide effective buffer zone between 
the source and the receptor. 

2. Plant vegetation between receptor and roadway. 
3. Construct wall barriers between receptor and roadway. 
4. Install newer electrostatic filters in adjacent receptor buildings. 
5. Improve road infrastructure to facilitate improved traffic flow. 

Marine Vehicles (e.g., 
recreational boating, 
commercial marine 
operations, hoteling 
operations, loading and 
unloading services) 

1. Move receptors or source to provide effective buffer zone between 
the source and the receptor. 

2. Require or provide incentives to install add-on Diesel Particulate 
Matter control devices or cleaner engines or boilers. 

3. Require use of electric power when berthed. 
4. Require cleaner fuels. 
5. Limit vessel speed. 
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Source Category Mitigation Measure (listed in order of effectiveness by category)
Railroad (i.e., switch yards, 
maintenance yards, 
intermodal centers) 

1. Move receptors or source to provide effective buffer zone between 
the source and the receptor. 

2. When ambient temperatures are above 50 deg F, minimize 
locomotive engine idling by shutting down and re-starting engines. 

3. Require Idle Reduction Technologies - The rail industry has 
developed and designed a new Auxiliary Power Unit (APU) system 
that provides power during idling conditions and shuts down the 
main locomotive engine.  Installing APU system reduces 
locomotive PM emissions by 84 percent.  

4. Require new engine technologies be applied to the engines - 
Modifying fuel injectors, which includes fuel injection pressure, 
fuel spray pattern, injection rate and timing, has been found to 
reduce emissions from locomotive diesel engines.   

5. Require hybrid switcher locomotives. 
6. Require use of locomotive technology that meets or exceeds the 

latest EPA emission regulations for locomotives. 
7. Apply the 1998 Railroad MOU for South Coast Air Basin. 
8. Apply the 2005 Statewide MOU for Rail Yard Risk Reduction. 

 

8.4 Mitigation Monitoring and Reporting 

8.4.1 Primary Mitigation Measures 

As part of CEQA environmental review procedures, Pubic Resources Code 
Section 21081.6 requires a public agency to adopt a monitoring and reporting 
program for assessing and ensuring efficacy of mitigation measures applied to the 
proposed project.  Specifically, the lead or responsible agency must adopt a 
reporting or monitoring program for mitigation measures incorporated into a 
project or imposed as conditions of approval.  The program must be designed to 
ensure compliance during project implementation.  As stated in Public Resources 
Code, Section 21081.6 (a) (1): 
 

“The public agency shall adopt a reporting or monitoring program for the 
changes made to the project or conditions of project approval, adopted in 
order to mitigate or avoid significant effects on the environment.  The 
reporting or monitoring program shall be designed to ensure compliance 
during project implementation.  For those changes which have been 
required or incorporated into the project at the request of a responsible 
agency or a public agency having jurisdiction by law over natural 
resources affected by the project, that agency shall, if so requested by the 
lead agency or a responsible agency, prepare and submit a proposed 
reporting or monitoring program.” 
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This requirement is intended to assure that mitigation measures included as 
conditions of project approval are indeed implemented.  A mitigation monitoring 
and reporting program should include the following components: 
 

 A description of each mitigation measure adopted by the Lead Agency. 
 The party responsible for implementing each mitigation measure. 
 A schedule for the implementation of each mitigation measure. 
 The agency or entity responsible for monitoring mitigation measure 

implementation. 
 Criteria for assessing whether each measure has been implemented. 
 Enforcement mechanism(s). 

 
The mitigation monitoring and reporting program is not required to be included in 
the environmental document, but its inclusion will encourage the Lead Agency 
and other entities to specifically consider the feasibility and effectiveness of each 
mitigation measure while the environmental analysis is still underway.  If a 
responsible agency or any agency having jurisdiction over natural resources 
affected by the project proposes mitigation measures, the Lead Agency may 
require that agency to prepare a monitoring and reporting program for those 
mitigation measures. 

8.4.2 Contingency Mitigation Measure 

A mitigation implemented to reduce health risk for a particular project may 
degrade or fail over time. Continuous monitoring and enforcement programs are 
recommended to ensure the ongoing effectiveness of all mitigation measures over 
the project life. In the instance that one or more mitigation measures fail or 
become ineffective, they should be replaced with mitigation measures of equal or 
greater effectiveness. 
 
Examples of health risk mitigation measures subject to degradation and/or failure 
include: 
 Vegetation barriers, which may die due to natural causes or lack of 

upkeep; 
 Particulate filters, which may become clogged, mechanically damaged or 

simply reach the end of their design life; and, 
 Indoor air filtration systems, which may become clogged or fail 

completely due to lack of regular maintenance.  
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9.0 Public Participation 
 
As emphasized in the ARB Handbook, community involvement is an important part of the 
overall land use approval process.  Public participation is critical when proposed projects could 
create increased health risk to the individuals or the community.  To that extent, engaging 
community members during the initial phase of the project evaluation process provides a 
communication conduit between impacted individuals, project proponents and the decision 
makers.  This dialog aims to expand the community’s overall understanding of the risk 
assessment process and the resulting health impact values.  While the air district is not typically 
the lead agency for a project undergoing health risk evaluation, it plays a critical role in working 
with the impacted community to explain the technical modeling tools and assumptions used to 
calculate the overall risk values that are ultimately provided to local decision makers for 
approval action. 
 
Active public participation requires engaging individuals in ways that do not require prior 
knowledge of air pollution issues impacting their communities.  Information should be provided 
to illustrate how a land use decision can affect the health of the community due to emission 
impacts from Type A or to Type B projects.  Due to the overly technical nature of health risk 
assessments, air districts need to take specific efforts to develop messages and outreach tools that 
will assist to convey complex issues to a non-technical community.  The outreach process 
needed to build effective community participation requires data, methodologies and formats 
customized to the needs of the specific community.  Depending on the community characteristics 
cultural barriers, such as translation to another language, need to be assessed prior to conducting 
community outreach.  More importantly, it requires the strong collaboration of community 
members and agencies that review and approve projects and land uses of the local community.  
 
The ARB Handbook’s Table 7-1, Public Participation Approaches includes some general 
outreach strategies that air districts might consider in designing an outreach program to increase 
understanding of the air pollution impacts to specific land use projects.  Such a program could 
consider the preparation and presentation of information in a way that supports sensible decision-
making and public involvement.  In order to build community trust in the health risk assessments 
being conducted for proposed development, public participation should occur at the initial phases 
of project evaluation and continue throughout the approval process.  
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10.0 HRA Issues in the CEQA Process 
 
There are number of issues that have been encountered at the local decision making level that 
present challenges during the evaluation of health risk impacts from proposed land use projects.  
To provide more assistance to air districts, lead agencies and community members on how to 
overcome these challenges, this chapter outlines a few issues that have been encountered during 
the project evaluation phase, as well as potential solutions to reduce health risk, minimize errors 
and assist decision makers in their final action. 

10.1 Smart Growth 

Land use planners, developers, public health agencies and environmentalists alike all 
struggle with the apparent dichotomy between the public health benefits of limiting 
development adjacent to freeways and major roadways, and the public health benefits of 
smart growth strategies which call for development closer in to the urban core, often 
adjacent to major travel corridors, as a way to reduce overall emissions.  Guidance that 
helps local planners disclose potential risk, and/or seeks to limit development adjacent to 
freeways and major roadways appears to conflict with smart growth policies, especially 
when the guidance affects small projects. 
 
A potential solution to this dilemma is the identification and implementation of effective 
mitigation measures that will help reduce impacts to sensitive receptors, thereby 
supporting smart growth policies.  Table 3 contains program-level TAC mitigation 
measures.  Such measures are applicable to long-range community planning programs 
such as General Plans and address land use incompatibility at an early stage.  These 
measures are particularly effective in that they can prevent many high-risk projects from 
being considered or proposed in the first place, thereby eliminating the necessity for 
project-level mitigation which may not always be feasible or sufficiently effective.  
Examples of program-level mitigation measures include rezoning vacant land adjacent to 
freeways, high-volume roadways, ports, railroads or heavy industry to avoid future 
proposed siting of residential and/or sensitive receptors. 

10.2 Less than Lifetime Cancer Risk Exposures 

The standard OEHHA 70 year exposure timeframe for HRAs is often vigorously 
challenged as to whether it is reasonable to base residential cancer risk on a 70 year, 24 
hour per day, seven day per week exposure.  A 70-year lifetime exposure is a worst-case 
assumption.  Shorter exposure periods can be appropriate depending on the situation.  
The cancer risks caused by projects impacting offsite workers can be factored in 
accordance with guidance provide in the State Office of Environmental Health Hazard 
Assessment provided a document called the Air Toxic Hot Spots Program Guidance 
Manual for the Preparation of Health Risk Assessments, August 2003.  This guidance 
document also describes how the exposure period can be reduced from 70 year to shorter 
periods for Type A projects that will operate for periods less than 70 years.  This 
information is also included in the Technical Modeling and Risk Assessment Guidance 
component of this document in Attachment 1. 
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10.3 Mitigating Roadway Toxics 

As discussed above, lead agencies often struggle with requiring mitigation when, due to 
a lack of a threshold, the roadway toxics impacts are not considered “significant.”  At 
other times, lead agencies are eager to require mitigation, but feel most comfortable 
being able to point to studies that quantify the actual mitigation levels before asking 
project proponents to bear the additional costs of the mitigation.  In addition, lead 
agencies often do not feel comfortable asking a project to make changes via 
implementing mitigation when the project complies with existing zoning requirements 
and does not request exemptions.  While this is a contentious issue, districts may choose 
to suggest mitigation measures regardless of whether a health risk determination was 
made by the lead agency.  

10.4 Existing Background Risk 

Often, environmental documents with site specific HRAs contain lengthy discussions 
comparing a project’s health risk to the existing background health risk levels, and often, 
potential project-specific cancer risk levels are expressed as a percentage of the existing 
background risk without disclosure of the actual additional risk due to the project.  It is 
the actual additional risk due to the project (Type A), or the risk to the project (Type B) 
that must be disclosed and compared to CEQA significance thresholds. 

10.5 Inappropriate Discounting of Risks 

Standardized health risk assessment methodologies have been developed to reduce 
inconsistencies between HRAs and aid in comparing impacts on receptors.  However, in 
practice inappropriate HRA calculations are still carried out and presented as the basis 
for public disclosure and notification.  Such inappropriate HRA calculations are most 
often made in an attempt to present reduced risk values compared to the higher results 
produced by standard methodologies. This is a significant concern, especially with 
respect to health risks associated with locating sensitive land uses in proximity to 
freeways and other high traffic roadways, where even the standardized HRA modeling 
methods may not thoroughly characterize all the health risk associated with nearby 
exposure to traffic generated pollutants.   
 
Inappropriate HRA methodologies often result in protracted controversy, which is 
sometimes played out in the public arena - for example, at project approval hearings.  To 
minimize these situations, the HRA preparer should adhere to the standard risk 
calculation methodologies set forth by OEHHA, the Air Resources Board, and the local 
air district, and as described in this document.  
 
Examples of some mistakes to avoid are described in the following paragraphs. 
 

 One inappropriate calculation is to calculate the cancer risk using the 70-year 
exposure timeframe, but then reduce the risk values by dividing the risk values by 
the number of receptors in the subdivision.  Doing so is misleading and not 
scientifically supported. Potential cancer risk should be expressed as probability 
per million, based upon OEHHA recommendations. 
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 For Type A projects, it is also inappropriate to present risk values as a  

percentage of some existing risk value, such as the existing background risk.  
Often this is done in an attempt to persuade readers that the project specific risk  
is of little consequence because the increased risk is small compared to the 
background risk. In cases where project specific risk is compared to other risks or 
expressed as a percentage of the existing background, it should be made clear that 
the project specific risk is in addition to the existing background risk. 

 
 Another inappropriate calculation sometimes included in risk assessments is to 

base emissions on emission factors that may result from future actions, such as 
emission reduction rules that have not yet gone into effect, or expected emission 
reductions due to expected market forces. 

10.6 Misleading Comparison of Cancer Risks 

Comparing cancer risks can be misleading in a CEQA document.  Some CEQA 
documents discuss a variety of cancers and the prevalence of it in our population. It’s 
sometimes stated, for example, that currently throughout the United States, one in three 
or four persons will experience cancer sometime during their lifetime.  This can be a 
misleading statistic if it is used to imply that the incremental probability of increased 
cancer cases due to toxic airborne emissions are very small compared to the overall 
probability of cancer.  For example, a Health Risk Assessment may find that the 
increased probability of cancer cases is 200 in one million for certain sensitive receptors 
located near a busy freeway.  To compare that HRA result with the overall population’s 
cancer incidence would discount the risk unfairly.  The CEQA document should disclose 
the risk without any such comparisons. 

10.7 “Experts Disagree” 

When project proponents submit HRAs and related materials that are developed via 
methodologies not supported by the air district or OEHHA, protracted controversy can 
result.  One air district noted that, despite comment from OEHHA and ongoing district 
comments on the inappropriate discounting of a project’s HRA results, those results 
remained unchanged in the Final EIR.  The Final EIR discussed the nature of the 
disagreement, citing Section 15151 of the CEQA Guidelines which states that 
disagreement among experts “does not make an EIR inadequate, but the EIR should 
summarize the main points of disagreement among experts.”  Ultimately, the lead agency 
will make a land use decision based on their understanding.  But for sources that need an 
air district permit, the applicable air district’s risk assessment procedures will apply. 
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11.0 Conclusion 
The study of the impact of toxic air emissions on sensitive receptors is an evolving one. 
Air districts in the state of California generally have had a consistent way of  
performing health risk assessments of stationary sources on nearby sensitive receptors 
(Type A projects). However, with the publication in 2005 of ARB’s Handbook, the issue 
of the effect of mobile sources on sensitive receptors (Type B projects) required air 
districts to augment their guidance. This CAPCOA guidance reflects the fact that 
currently, the various air districts in the state have different approaches to the topic. For 
example, some districts have developed a threshold of significance for these projects and 
some have not. Despite these differences, this document offers some common guidance 
about the need to analyze the impacts, to disclose the risk to decision makers and to 
mitigate it. As health risk analysis tools, methodology, and protocol as developed, the 
document will be revised.  
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GLOSSARY 
 

Climate Change: Climate change refers to long-term changes in temperature, precipitation, wind 
patterns, and other elements of the earth's climate system. An ever-increasing body of scientific research 
attributes these climatological changes to greenhouse gases (GHGs), particularly those generated from the 
human production and use of fossil fuels. 
 
Diverted Trips:  Diverted linked trips, as defined by Institute of Transportation Engineers (ITE), are 
attracted from the traffic volume on a roadway within the vicinity of the generator but require a diversion 
from that roadway to another roadway to gain access to the site. 
 
Fugitive Dust:  Small particles which are entrained and suspended into the air by the wind or external 
disturbances. Fugitive dust typically originates over an area and not a specific point.  Typical sources 
include unpaved or paved roads, construction sites, mining operations, disturbed soil and tilled 
agricultural areas.  
 
Greenhouse Gas: The emissions that contribute to the climate change effect are carbon dioxide (CO2), 
methane (CH4), nitrous oxide (N2O), hydrofluorocarbons (HFC), chlorofluorocarbons (CFC) and sulfur 
hexafluoride (F6S).   
 
Ozone Precursors:  Gaseous compounds needed to form ozone by the process of photochemistry. 
Photochemical air pollution (primarily ozone) is produced by the atmospheric reaction of organic 
substances, such as reactive organic gases (ROG) and nitrogen dioxide (NO2) under the influence of 
sunlight.  

NO2 + ROG + Sunlight => O3 
During the summer, in areas with high emissions and high ozone concentrations, ozone concentrations are 
very dependent on the amount of solar radiation.  Ozone levels typically peak in the late afternoon, at the 
end of the longest period of daily solar radiation.  After the sun goes down, the chemical reaction between 
nitrous oxide and ozone begins to dominate and ozone usually decreases.   

O3 + NO  => NO2 + O2   
In some remote rural locations away from emission sources, ozone concentrations can remain high 
overnight because there are no NO sources to react with the existing ozone.  
Ozone precursors are typically considered to be the combination of ROG + NOx. 
 
Particulate Matter:  Small particles that become airborne and have the potential to cause adverse health 
impacts. There are three general size components: 1) PM or Total Suspended Particulate (TSP) which 
includes all airborne particles regardless of size or source; 2) PM10 which includes airborne particles 
10µm in size and smaller; and 3) PM2.5 or fine airborne particles 2.5µm and smaller. 
 
Primary Trips:  Trips made for the specific purpose of visiting the proposed facility. 
 
Passby Trip:  Trips made as an intermediate stop on the way from an origin to a destination without a 
route diversion. 
 
Sensitive Receptors:  Sensitive receptors are people that have an increased sensitivity to air pollution or 
environmental contaminants. Sensitive receptor locations include schools, parks and playgrounds, day 
care centers, nursing homes, hospitals, and residential dwelling unit(s). The location of sensitive receptors 
is needed to assess toxic impacts on public health. 
 
Smart Growth:  Smart or strategic growth is an urban planning and transportation theory that 
concentrates growth in the center of a city to avoid urban sprawl; and advocates compact, transit-oriented, 
walkable, bicycle-friendly land use, including neighborhood schools, complete streets, and mixed-use 
development with a range of housing choices. 
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Verified Diesel Emission Control Strategy:  Diesel vehicle or equipment exhaust retrofits that have 
been verified by the California Air Resources Board (ARB) that provide specified diesel particulate 
emission reductions when implemented in compliance with the ARB executive order for the device 
(www.arb.ca.gov/diesel/verdev/verdev.htm).   
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CEQA 
Air Quality Handbook 

 
GUIDE FOR ASSESSING THE AIR QUALITY IMPACTS 

FOR PROJECTS SUBJECT TO CEQA REVIEW 
 
 

The purpose of this document is to assist lead agencies, planning consultants, and project proponents in 
assessing the potential air quality impacts from residential, commercial and industrial development.  It is 
designed to provide uniform procedures for preparing the air quality analysis section of environmental 
documents for projects subject to the California Environmental Quality Act (CEQA).  These guidelines 
define the criteria used by the San Luis Obispo County Air Pollution Control District (APCD or Air 
District) to determine when an air quality analysis is necessary, the type of analysis that should be 
performed, the significance of the impacts predicted by the analysis, and the mitigation measures needed 
to reduce the overall air quality impacts.  The use of this document will simplify the process of evaluating 
and mitigating the potential air quality impacts from new development in San Luis Obispo County. 

 
For further information on any of the topics covered in this handbook, review the APCD's website at 
www.slocleanair.org or contact us directly at (805) 781-5912. 

 



SLO County APCD CEQA Air Quality Handbook 2012 

 

1-2 

1 PROJECTS REQUIRING AIR QUALITY REVIEW AND ANALYSIS 
 
The Air District has permit authority over many "direct" sources of air contaminants, such as power 
plants, gasoline stations, dry cleaners and refineries.  Indirect sources are contributors to air pollution and 
include facilities and land uses which may not emit a significant amount of pollution themselves, but are 
responsible for indirect emissions, such as: 
 

• Motor vehicle trips attracted to or generated by the land use; 

• On-site combustion of natural gas, propane and wood for heating; 

• Architectural coatings and consumer products; and, 

• Landscape maintenance. 
 
Emission impacts from both direct and indirect sources are typically identified and, if needed mitigated 
through the land use planning process under the guidelines and statutes of CEQA. 
 
1.1 ROLE OF THE SLO COUNTY APCD 
 
Under CEQA, the SLO County APCD may act as a lead, responsible or commenting agency, reviewing 
and commenting on projects which have the potential to cause adverse impacts to air quality.  The CEQA 
statutes and guidelines require lead agencies to seek comments from each responsible agency and any 
public agency that have jurisdiction by law over resources that may be affected by a proposed project 
(CEQA 21153 and 15366).  For many development proposals, this typically involves projects where 
vehicle trip generation is high enough to cause or contribute to local emission levels capable of hindering 
the APCD's efforts to attain and maintain health-based air quality standards.  It is in this context that local 
jurisdictions and planning bodies can make critical decisions that affect their future environment and that 
of neighboring communities as well. 
 
Offshore activities within State waters, such as oil drilling and production, harbor dredging and cable 
installation are also subject to CEQA review and possible APCD permits depending on the nature of the 
activity. 
 
1.2 PROJECTS SUBJECT TO AIR QUALITY ANALYSIS 
 
In general, any proposed project with short-term construction emissions or long-term operational 
emissions that may exceed an APCD threshold of significance, as identified in this Handbook, should be 
submitted to the SLO County APCD for review.  If needed, the APCD will assist in refining impact 
evaluations and or appropriate mitigation measures.  The project will be evaluated to determine the 
potential for significant air quality impacts, with further analysis or mitigation recommended if 
appropriate.  Types of projects which generally fall into this category include:  
 

• Discretionary Permits; 

• Tract Maps;  

• Development Plans; 

• Site Plans; 

• Area Plans;  

• Specific Plans; 

• Local Coastal Plans; 

• General Plan Updates and Amendments; 

• Large residential developments;  

• Large commercial or industrial developments; and 

• Remediation projects.   
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The environmental documents associated with these types of projects and reviewed by the APCD include 
Initial Studies, Notices of Preparation (NOP), Negative Declarations, and Environmental Impact Reports 
(EIR), and other environmental documents prepared pursuant to CEQA and NEPA. 
 
1.3 PROJECT INFORMATION NEEDED FOR SLO COUNTY APCD REVIEW 
 
Early consultation with the APCD can ensure the environmental document adequately addresses air 
quality issues.  In order to facilitate our review of the proposed project, the following information should 
be provided: 

• Complete and accurate project description; 

• Emission calculations for both construction and operational phase emissions; 

• Relevant environmental documents, including draft EIRs, Initial Studies, Negative 
Declarations, etc; 

• Other technical analyses that relate to air quality, including but not limited to traffic analyses, 
growth impact projections, land use elements, maps, health risk assessments, sensitive receptor 
locations etc; and, 

• Mitigation Monitoring Program, if applicable. 
 
1.4 OPERATIONAL SCREENING CRITERIA FOR PROJECT IMPACTS 
 
General screening criteria used by the SLO County APCD to determine the type and scope of projects 
requiring an air quality assessment, and/or mitigation, is presented in Table 1-1.  These criteria are based 
on project size in an urban setting and are designed to identify those projects with the potential to exceed 
the APCD’s significance thresholds.  Operational impacts are focused primarily on the indirect emissions 
(i.e., motor vehicles) associated with residential, commercial and industrial development.   
 
Table 1-1 is based on ozone precursor and greenhouse gas (GHG) emissions and is not comprehensive.  It 
should be used for general guidance only.  This table is not applicable for projects that involve heavy-duty 
diesel activity and/or fugitive dust emissions.  A more refined analysis of air quality impacts specific to a 
given project is necessary for projects that exceed the screening criteria below or are within ten percent 
(10%) of exceeding the screening criteria. 
 

Table 1-1: Operational Screening Criteria for Project Air Quality Analysis(1, 2) 

Land Use 
Unit of 

Measure 

Size of Urban/(Rural) 
Project Expected to 
Exceed the APCD Annual 
GHG Bright Line 
Threshold 

(3)
 of: 

Size of Urban/(Rural)  
Project Expected to 
Exceed the APCD Daily 
Ozone Precursor 
Significance Threshold 

(4)
 

of: 

1150 MT CO2e/year from 
Operational & Amortized 
Construction Impacts 

25 lbs ROG+NOx/Day from 
Operational Impacts 
 

COMMERCIAL       

Bank (with Drive-Through) 

1,000 SF 

25 17 

General Office Building 70 91 

Government (Civic Center) 37 38 

Government Office Building 26 21 

Hospital 31 50 

Medical Office Building 33 36 

Office Park 64 85 

Pharmacy/Drugstore w/o Drive Thru 26 24 

Pharmacy/Drugstore with Drive Thru 26 25 

Research & Development 93 114 

aroslan
Line

aroslan
Text Box
This table has been updated, July 2014.  The revised version can be located on our web site by clicking HERE.  

aroslan
Line

http://slocleanair.org/images/cms/upload/files/Table1-1_ScreeningTableFinal_August2014.pdf
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EDUCATIONAL 
(5)

   
    

Day-Care Center 

1,000 SF 

39 26 

Elementary School 69 62 

High School 62 61 

Junior High School 72 65 

Library 24 23 

Place of Worship 77 44 

Junior College (2yr) 
Students 

1070 1032 

University/College (4yr) 464 487 

INDUSTRIAL 
(6)

   
    

General Heavy Industry 

1,000 SF 

53 311 

General Light Industry 23 103 

Industrial Park 36 113 

Manufacturing 44 168 

Refrigerated Warehouse-No Rail 47 237 

Refrigerated Warehouse-Rail 50 324 

Unrefrigerated Warehouse-No Rail 51 237 

Unrefrigerated Warehouse-Rail 51 324 

RECREATIONAL       

Fast Food Restaurant w/o Drive Thru 

1,000 SF 

2.9 2.6 

Fast Food Restaurant with Drive Thru 5.7 3.5 

Health Club 42 46 

High Turnover (Sit Down Restaurant) 13.7 13.2 

Movie Theater (No Matinee) 20 21 

Quality Restaurant 18 21 

Racquet Club 44 48 

Recreational Swimming Pool 42 41 

Arena 

Acres 

178 159 

City Park 103 786 

Golf Course 138 241 

Hotel 
Rooms 

85 126 

Motel 79 142 

RESIDENTIAL       

Apartment High Rise 

Dwelling 
Units 

113 94 

Apartment Low Rise 109 / (74) 94 / (71) 

Apartment Mid Rise 112 94 

Condo/Townhouse General 103 / (72) 93 / (69) 

Condo/Townhouse High Rise 104 93 

Congregate Care (Assisted Living) 196 157 

Mobile Home Park 124 112 

Retirement Community  169        -   (7) 

Single Family Housing 70 / (49) 68 / (50) 

RETAIL       

Auto Care Center 

1,000 SF 

33 32 

Convenience Market (24 hour) 5.5 3.3 

Convenience Market w/ Gas Pumps 5.7 2.3 

Discount Club 37 34 

Electronic Superstore 50 48 

Free Standing Discount Store 29 25 

aroslan
Line

aroslan
Line
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Free Standing Discount Superstore 30 27 

Hardware/Paint Store 28 22 

Home Improvement Superstore 46 36 

Regional Shopping Center 36 31 

Strip Mall 40 38 

Supermarket 17.2 12.5 

Gasoline/Service Station Pumps 32 10 
1. The screening levels in this table were created using CalEEMod version 2011.1.1 with default San Luis Obispo County urban settings; some rural 
setting results are also included and are denoted in parentheses. If the project is not represented well by an urban settings, (e.g. urban fringe 
development  where urban trip lengths are not representative), then the project impacts need to be specifically evaluated in CalEEMod using project 
specific information; modeling results, substantiated assumptions, and CalEEMod files need to be presented to the APCD for review and approval.  
2. This screening table is based on annual GHG emissions and daily ozone precursor emissions, and is not comprehensive. It should be used for 
general guidance only. This table is not applicable for projects that involve substantial heavy-duty diesel activity and/or fugitive dust emissions. A 
more refined analysis of air quality impacts specific to a given project is recommended for projects exceeding the screening criteria values or that are 
within 10% of the screening criteria values in this table.  
3. Use of this table does not preclude lead agencies from complying with Section 15064.4 of the California Environmental Quality Act (“CEQA”) 
Guidelines which requires that “a lead agency should make a good-faith effort… to describe, calculate or estimate the amount of greenhouse gas 
emissions resulting from a project.”  If there is substantial evidence that the possible effects of a particular project are still cumulatively 
considerable, notwithstanding compliance with the screening levels in this table, a refined emissions quantification and analysis should be 
conducted. 
4. For ozone precursor evaluations the APCD considers CalEEMod winter scenario simulations worst case because winter emissions are typically 
higher than its summer emissions. 
5. All projects involving the purchase of a school site, or construction of a new elementary or secondary school, must be referred to the APCD for 
review and comment. (Pub. Resources Code Section 21151.8, Subd. (a)(2)). 
6. The size of projects expected to exceed the GHG Threshold of significance for Industrial Land Uses is much smaller than a project that would 
exceed the Ozone Precursor Threshold as a result of a CalEEMod.2011.1.1 model error in the calculations for industrial projects. This error is 
scheduled to be corrected in the next CalEEMod model update.         
7. Currently there is a CalEEMod model error for the retirement community category.  If you are evaluating a project in this category, use the 
comparable Mobile Home Park category for screening.   

 

 

 
1.5 PREPARING THE AIR QUALITY ANALYSIS SECTION FOR CEQA DOCUMENTS 
 
As shown in Table 1-1, use of a simple screening analysis in a Negative Declaration, or emissions 
calculations and appropriate mitigation measures in a Mitigated Negative Declaration may be all that is 
necessary for many smaller urban projects.  For larger projects requiring the preparation of an EIR, a 
more comprehensive air quality analysis is often needed.  Such an analysis should address both 
construction phase and operational phase impacts of the project and include the following information: 
 
a. A description of existing air quality and emissions in the impact area, including the attainment 

status of SLO County relative to State and Federal air quality standards and any existing 
regulatory restrictions to development.  The most recent Clean Air Plan should be consulted for 
applicable information. 

 
b. A thorough emissions analysis should be performed on all relevant emission sources, using 

emission factors from the EPA document AP-42 “Compilation of Air Pollutant Emission 
Factors”, the latest approved version of California Emission Estimator Model (CalEEMod), 
EMFAC, OFF-ROAD or other approved emission calculator tools.  The emissions analysis 
should include calculations for estimated emissions of all criteria air pollutants and toxic air 
contaminants released from the anticipated land use mix on a quarterly and yearly basis.  
Documentation of emission factors and all assumptions (i.e. anticipated land uses, average daily 
trip rate from trip generation studies, etc.) should be provided in an appendix to the EIR.   

 
c. The EIR should include a range of alternatives to the proposed project that could effectively 

minimize air quality impacts, if feasible.  A thorough emissions analysis should be conducted for 
each of the proposed alternatives identified.  The EIR author should contact the SLO County 
APCD if additional information and guidance is required.  All calculations and assumptions used 
should be fully documented in an appendix to the EIR. 

 

aroslan
Line

aroslan
Line
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d. Assembly Bill 32, the California Global Warming Solution Act of 2006 and California Governor 
Schwarzenegger Executive Order S-3-05 (June 1, 2005), both require reductions of greenhouse 
gases in the State of California.  Senate Bill 97 required the Office of Planning and Research to 
develop and the Natural Resources Agency to adopt Amendments to the CEQA Guidelines for 
greenhouse gas emissions.  Based on these guidelines, greenhouse gas emissions should be 
evaluated in the EIR along with appropriate mitigation. 
 

e. If a project has the potential to emit toxic or hazardous air pollutants including diesel exhaust, and 
is located in close proximity to sensitive receptors, impacts may be considered significant due to 
increased cancer risk for the affected population, even at very low levels of emissions.  Such 
projects may be required to prepare a risk assessment to determine the potential level of risk 
associated with their operations.  The SLO County APCD should be consulted on any project 
with the potential to emit toxic or hazardous air pollutants.   
 
Pursuant to the requirements of California Health and Safety Code Section 42301.6 (AB 3205) 
and Public Resources Code Section 21151.8, subd. (a)(2), any new school or proposed industrial 
or commercial project site located within 1000 feet of a school must be referred to the SLO 
County APCD for review.  Further details on requirements for projects in this category are 
presented in Appendix A. 

 
f. The ARB has determined that emissions from sources such as roadways and distribution centers 

and to a lesser extent gas stations, certain dry cleaners, marine ports and airports as well as 
refineries can lead to unacceptably high health risk from diesel particulate matter and other toxic 
air contaminants.  The APCD has established a CEQA health risk threshold of 89 in-a-million for 
sources which are not otherwise directly regulated; this value represents the health risk caused by 
ambient concentration of toxics in San Luis Obispo County.  A list of potential sources and 
recommended buffer distances can be found in Section 4.2 of the Handbook.  If the proposed 
project is located in close proximity to any of the listed sources a health risk screening and/or 
assessment should be performed to assess risk to potential residence of the development.  

 
g. A consistency analysis with the Clean Air Plan is required for a Program Level environmental 

review, and may be necessary for a Project Level environmental review, depending on the project 
being considered.  Details on conducting a consistency analysis with the Clean Air Plan can be 
found in Section 3.2.  

 
h. A cumulative impact analysis should be performed to evaluate the combined air quality impacts 

of this project and impacts from existing and proposed future development in the area.  This 
should encompass all planned construction activities within one mile of the project. 

 
i. The data analyses requested above should address local and regional impacts with respect to 

maintaining applicable air quality standards at build out.  Authors should consult the SLO County 
APCD to determine if a modeling analysis should be performed and included in the EIR. 

 
j. Temporary construction impacts, such as fugitive dust and combustion emissions from 

construction and grading activities, should be quantified and mitigation measures proposed.  In 
addition, naturally occurring asbestos may exist at the site.  A geological survey is required for 
the site if it is located in the APCD identified candidate naturally occurring asbestos area.  If 
naturally occurring asbestos is found, the EIR should indicate that a plan will be developed to 
comply with the requirements listed in the Air Resources Board's Asbestos ATCM for 
Construction, Grading, Quarrying, and Surface Mining Operations.  If naturally occurring 
asbestos is not present at the site an exemption request will need to be filed with the APCD.  

 
k. Mitigation measures should be recommended, as appropriate, following the guidelines presented 

in Sections 2.3, 2.4 and 3.7 of this document. 
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2 ASSESSING AND MITIGATING CONSTRUCTION IMPACTS 

Use of heavy equipment and earth moving operations during project construction can generate fugitive 
dust and engine combustion emissions that may have substantial temporary impacts on local air quality 
and climate change. Fugitive dust of concern is particulate matter that is less than ten microns in size 
(PM10) and is not emitted from definable point sources such as industrial smokestacks. Sources include 
open fields, roadways, storage piles, earthwork, etc. Fugitive dust emissions results from land clearing, 
demolition, ground excavation, cut and fill operations and equipment traffic over temporary roads at the 
construction site.   
 
Heavy-duty construction equipment is usually diesel powered.  In July 1999, the ARB listed the 
particulate fraction of diesel exhaust as a toxic air contaminant, identifying both chronic and carcinogenic 
public health risks.  Combustion emissions, such as nitrogen oxides (NOx), reactive organic gases (ROG), 
greenhouse gases (GHG) and diesel particulate matter (diesel PM), are most significant when using large, 
diesel-fueled scrapers, loaders, bulldozers, haul trucks, compressors, generators and other heavy 
equipment.  Emissions from both fugitive dust and combustion sources can vary substantially from day-
to-day depending on the level of activity, the specific type of operation, moisture content of soil, use of 
dust suppressants and the prevailing weather conditions.   
 
Depending on the construction site location and proximity to sensitive receptors, a project that generates 
high levels of construction emissions, including diesel PM, may be required to perform a health risk 
assessment to evaluate short-term exposures to high pollutant concentrations and, if necessary, to 
implement mitigations measures. Mitigation requirements and the need for further analysis will be 
determined on a case-by-case basis, based upon emission levels and the potential risk for human exposure 
and effects.  Diesel PM emissions may therefore be a factor in whether Best Available Control 
Technology (BACT) for construction equipment will be needed, even when emissions of criteria 
pollutants are below the Air District’s significance thresholds. 
 
The following information will assist the user in evaluating the fugitive dust and combustion emissions 
from a project and in proposing appropriate mitigation measures to reduce these impacts to a level of 
insignificance.  
 
2.1 CONSTRUCTION SIGNIFICANCE CRITERIA 
 
Construction emissions must be calculated for all development projects likely to exceed the construction 
emissions threshold, or if the project is subject to the special conditions defined in Section 2.1.1.  Details 
on how to conduct emission calculations are discussed in Section 2.2 below.  Once the emissions have 
been calculated, they should then be compared to the APCD construction phase significance thresholds.  
 
Comparison to APCD Construction Significance Thresholds 
The threshold criteria established by the SLO County APCD to determine the significance and 
appropriate mitigation level for a project’s short-term construction emissions are presented in Table 2-1. 
 
Most of the short-term construction mitigation strategies in Sections 2.3 and 2.4 focus on reducing 
fugitive dust emissions from work sites and haul vehicles, reducing combustion emissions from 
construction equipment, reducing asbestos (e.g., NOA) and scheduling construction activities to protect 
public health. 
 
Table 2-1 provides general thresholds for determining the significance of impacts for total emissions 
expected from a project’s construction activities.  The discussion following the table provides a more 
detailed explanation of the thresholds. The Air District has discretion to require mitigation for projects 
that will not exceed the mitigation thresholds if those projects will result in special impacts, such as the 
release of diesel PM emissions or asbestos near sensitive receptors.  
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Table 2-1: Thresholds of Significance for Construction Operations 

Pollutant 
Threshold

(1)
 

Daily 
Quarterly 

Tier 1  
Quarterly 

Tier 2  

ROG + NOx (combined) 137 lbs 2.5 tons 6.3 tons 

Diesel Particulate Matter (DPM) 7 lbs 0.13 tons 0.32 tons 

Fugitive Particulate Matter (PM10), Dust(2)  2.5 tons  

Greenhouse Gases (CO2, CH4, N20, HFC, CFC, 
F6S) 

Amortized and Combined with Operational 
Emissions (See Below) 

1. Daily and quarterly emission thresholds are based on the California Health & Safety Code and the CARB Carl Moyer Guidelines. 
2. Any project with a grading area greater than 4.0 acres of worked area can exceed the 2.5 ton PM10 quarterly threshold. 

 
Mitigation of construction activities is required when the emission thresholds are equaled or exceeded by 
fugitive and/or combustion emissions: 

 
ROG and NOx Emissions 

• Daily: For construction projects expected to be completed in less than one quarter (90 days), 
exceedance of the 137 lb/day threshold requires Standard Mitigation Measures; 

• Quarterly – Tier 1: For construction projects lasting more than one quarter, exceedance of 
the 2.5 ton/qtr threshold requires Standard Mitigation Measures and Best Available Control 
Technology (BACT) for construction equipment. If implementation of the Standard Mitigation 
and BACT measures cannot bring the project below the threshold, off-site mitigation may be 
necessary; and, 

• Quarterly – Tier 2: For construction projects lasting more than one quarter, exceedance of 
the 6.3 ton/qtr threshold requires Standard Mitigation Measures, BACT, implementation of a 
Construction Activity Management Plan (CAMP), and off-site mitigation. 

 
Diesel Particulate Matter (DPM) Emissions 

• Daily: For construction projects expected to be completed in less than one quarter, exceedance 
of the 7 lb/day threshold requires Standard Mitigation Measures; 

• Quarterly - Tier 1: For construction projects lasting more than one quarter, exceedance of the 
0.13 tons/quarter threshold requires Standard Mitigation Measures, BACT for construction 
equipment; and,  

• Quarterly - Tier 2: For construction projects lasting more than one quarter, exceedance of the 
0.32 ton/qtr threshold requires Standard Mitigation Measures, BACT, implementation of a 
CAMP, and off-site mitigation. 

 
Fugitive Particulate Matter (PM10), Dust Emissions 

• Quarterly: Exceedance of the 2.5 ton/qtr threshold requires Fugitive PM10 Mitigation 
Measures and may require the implementation of a CAMP. 

 
Greenhouse Gas Emissions 

• GHGs from construction projects must be quantified and amortized over the life of the project. 
The amortized construction emissions must be added to the annual average operational 
emissions and then compared to the operational thresholds in Section 3.5.1—Significance 
Thresholds for Project-Level Operational Emissions.  To amortize the emissions over the life 
of the project, calculate the total greenhouse gas emissions for the construction activities, 
divide it by the project life (i.e., 50 years for residential projects and 25 years for commercial 
projects) then add that number to the annual operational phase GHG emissions. 
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2.1.1 Special Conditions for Construction Activity 
In addition to the construction air quality thresholds defined above, there are a number of special 
conditions, local regulations or state / federal rules that apply to construction activities.  These conditions 
must be addressed in proposed construction activity. 
 
Sensitive Receptors 
The proximity of sensitive individuals (receptors) to a construction site constitutes a special condition and 
may require a more comprehensive evaluation of toxic diesel PM impacts and if deemed necessary by the 

SLO County APCD, more aggressive implementation of mitigation measures than described below in 
the diesel idling section.  Areas were sensitive receptors are most likely to spend time include schools, 
parks and playgrounds, day care centers, nursing homes, hospitals, and residential dwelling unit(s).  
Sensitive receptor locations for a project need to be identified during the CEQA review process and 
mitigation to minimize toxic diesel PM impacts need to be defined.  The types of construction projects 
that typically require a more comprehensive evaluation include large-scale, long-term projects that occur 
within 1,000 feet of a sensitive receptor location(s). 
 
Diesel Idling Restrictions for Construction Phases 
The APCD recognizes the public health risk reductions that can be realized by idle limitations for both on 
and off-road equipment. The following idle restricting measures are required for the construction phase of 
projects: 
 
a. Idling Restrictions Near Sensitive Receptors for Both On and off-Road Equipment 

1. Staging and queuing areas shall not be located within 1,000 feet of sensitive receptors;   
2. Diesel idling within 1,000 feet of sensitive receptors is not permitted;  
3. Use of alternative fueled equipment is recommended whenever possible; and, 
4. Signs that specify the no idling requirements must be posted and enforced at the 

construction site. 
 

b. Idling Restrictions for On-road Vehicles 
Section 2485 of Title 13, the California Code of Regulations limits diesel-fueled commercial 
motor vehicles that operate in the State of California with gross vehicular weight ratings of 
greater than 10,000 pounds and licensed for operation on highways. It applies to California and 
non-California based vehicles.  In general, the regulation specifies that drivers of said vehicles: 
1. Shall not idle the vehicle’s primary diesel engine for greater than 5 minutes at any 

location, except as noted in Subsection (d) of the regulation; and,  
2. Shall not operate a diesel-fueled auxiliary power system (APS) to power a heater, air 

conditioner, or any ancillary equipment on that vehicle during sleeping or resting in a 
sleeper berth for greater than 5.0 minutes at any location when within 100 feet of a 
restricted area, except as noted in Subsection (d) of the regulation. 
 

Signs must be posted in the designated queuing areas and job sites to remind drivers of the 5 
minute idling limit.  The specific requirements and exceptions in the regulation can be reviewed 
at the following web site: www.arb.ca.gov/msprog/truck-idling/2485.pdf. 

 
c. Idling Restrictions for off-Road Equipment 

Off-road diesel equipment shall comply with the 5 minute idling restriction identified in Section 
2449(d)(3) of the California Air Resources Board’s In-Use off-Road Diesel regulation: 
www.arb.ca.gov/regact/2007/ordiesl07/frooal.pdf. 

 
Signs shall be posted in the designated queuing areas and job sites to remind off-road equipment 
operators of the 5 minute idling limit.   
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Naturally Occurring Asbestos 
Naturally Occurring Asbestos (NOA) has been identified as a toxic air contaminant by the California Air 
Resources Board (ARB).  Under the ARB Air Toxics Control Measure (ATCM) for Construction, 
Grading, Quarrying, and Surface Mining Operations, prior to any grading activities a geologic evaluation 
should be conducted to determine if NOA is present within the area that will be disturbed.  If NOA is not 
present, an exemption request must be filed with the District.  If NOA is found at the site, the applicant 
must comply with all requirements outlined in the Asbestos ATCM.  This may include development of an 
Asbestos Dust Mitigation Plan and an Asbestos Health and Safety Program for approval by the APCD.  
Technical Appendix 4.4 of this Handbook includes a map of zones throughout SLO County where NOA 
has been found and geological evaluation is required prior to any grading.  More information on NOA can 
be found at http://www.slocleanair.org/business/asbestos.asp. 
 
Asbestos Material in Demolition 
Demolition activities can have potential negative air quality impacts, including issues surrounding proper 
handling, demolition, and disposal of asbestos containing material (ACM).  Asbestos containing materials 
could be encountered during demolition or remodeling of existing buildings.  Asbestos can also be found 
in utility pipes/pipelines (transite pipes or insulation on pipes).  If utility pipelines are scheduled for 
removal or relocation or a building(s) is proposed to be removed or renovated, various regulatory 
requirements may apply, including the requirements stipulated in the National Emission Standard for 
Hazardous Air Pollutants (40CFR61, Subpart M - asbestos NESHAP).  These requirements include but 
are not limited to: 1) notification to the APCD, 2) an asbestos survey conducted by a Certified Asbestos 
Inspector, and, 3) applicable removal and disposal requirements of identified ACM.  More information on 
Asbestos can be found at http://www.slocleanair.org/business/asbestos.php. 
 
Developmental Burning 
APCD regulations prohibit developmental burning of vegetative material within SLO County.   
 
Permits 
Portable equipment and engines 50 horsepower (hp) or greater, used during construction activities will 
require California statewide portable equipment registration (issued by the ARB) or an Air District 
permit.  The following list is provided as a guide to equipment and operations that may have permitting 
requirements, but should not be viewed as exclusive:   

• Power screens, conveyors, diesel engines, and/or crushers; 

• Portable generators and equipment with engines that are 50 hp or greater; 

• Internal combustion engines; 

• Unconfined abrasive blasting operations; 

• Concrete batch plants; 

• Rock and pavement crushing; 

• Tub grinders; and, 

• Trommel screens. 
 

2.2 METHODS FOR CALCULATING CONSTRUCTION EMISSIONS  
 
In calculating emissions for construction operations (NOx, ROG, DPM, GHG and fugitive PM), specific 
information about each activity and phase of the construction project is needed. Several methods are 
described below, each of which requires increasingly detailed information to produce more accurate 
results. 
 
All assumptions, estimates, and calculation methods must be provided for SLO County APCD review. 
Calculation of combustion and fugitive dust emissions from construction activities should include peak 
daily, quarterly, annual, and total construction phase emissions of NOx, ROG, diesel PM, GHG and 
fugitive PM.  Both the duration of the construction activities and schedule of phases are required in the 
evaluation. When using CalEEMod or a spreadsheet to model construction emissions, the electronic 
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project file (not a pdf) needs to be submitted to the SLO County APCD for review along with a 
summary table showing all emissions.  The electronic file(s) need to be submitted to the APCD for review 
and shall include specific and summary emission reports, a detailed explanation of any deviations from 
CalEEMod defaults, and a detailed description of assumptions used for the emission calculations. 
 
It may be necessary to calculate the project’s construction impacts without knowing the exact fleet of 
construction equipment involved in the project. Table 2-2 contains screening construction emission rates 
based on the volume of soil moved and the area disturbed. This table should only be used when no other 
project information is available. 

 

Table 2-2: Screening Emission Rates for Construction Operations 

Pollutant 
Grams/Cubic Yard of 

Material Moved 
Lbs/Cubic Yard of 

Material Moved 

Diesel PM    2.2 0.0049 

Reactive Organic Gases (ROG)   9.2 0.0203 

Oxides of Nitrogen (NOx)   42.4 0.0935 

Fugitive Dust (PM10) 
0.75 tons/acre/month of construction activity 
(assuming 22 days of operation per month) 

ROG, NOx, DPM Source: Bay Area Air Quality Management District CEQA Guidelines, December 1999, Table 7 
PM10 Source:  EPA-AP-42 (January 1995) and Index of Methodologies by Major Category Section 7.7 Building Construction Dust, 
California Air Resources Board, August 1997 
 
 

The next level of specificity in defining project construction emissions involves the use of CalEEMod 
computer model.  This model contains emission factors for a variety of construction equipment.  It will 
automatically generate default values for the parameters listed below.   
 

• Construction fleet; 

• Construction phase duration (user must specify the start and end dates for each phase); 

• Daily disturbed acreage; 

• Fugitive dust emission rate; 

• Asphalt paving (if applicable); 

• Construction workers’ trips; 

• Equipment fleet mix for various phases of construction: 

• Construction vendors’ trips; and, 

• Architectural coating emissions. 
 

CalEEMod will not automatically calculate off-site hauling trips and associated emissions.  If soil or 
demolition materials will need to be hauled off-site or materials will be imported, cubic yards of material 
and the number of truck trips will need to be entered into the model. The trip length associated with 
hauling also needs to be entered into the model along with a detailed explanation of the trip length.  
Specific truck emission factors for the hauling fleet should to be included in the simulation.  If the 
specific fleet is unknown at time of modeling, then a defensible worst case set of hauling fleet emission 
factors shall be used. This hauling component is an important step and is often overlooked resulting in 
under estimation of emissions.   

 
If more detailed information regarding the construction phase of the project is known, the construction 
phases and default values can be modified in this step to more accurately reflect the anticipated emissions 
from the project. 
 
A component of CalEEMod, the construction calculator, allows project specific equipment data to be used 
to calculate emissions.  The use of the construction calculator is recommended for those projects that are 
in the final phase of planning when the actual fleet mix and construction schedule is defined to validate 
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previous emission estimates and finalize mitigation measures.  The following variables can be defined for 
each piece of construction equipment: 
 

• Equipment type; 

• Quality of equipment used; 

• Horsepower rating; 

• Load factor; 

• Usage (hours/day); 

• Engine model year; 

• Engine deterioration (years and hours since last rebuild); and, 

• Exhaust after-treatment devices such as VDEC (verified diesel emission control devices). 
 
More detailed information about CalEEMod can be found at www.caleemod.com  
 
2.3 ROG, NOX, PM AND GHG COMBUSTION MITIGATION MEASURES 
 
Construction mitigation measures are designed to reduce emissions (ROG, NOx, DPM, PM10 and GHG) 
from heavy-duty construction equipment and may include emulsified fuels, catalyst and filtration 
technologies, engine replacement, new alternative fueled trucks, and implementation of Construction 
Activity Management Plans (CAMP).  The mitigation measures for construction activity fall into three 
separate sections:  

• Standard Mitigation Measures 

• Best Available Control Technologies (BACT) and Construction Activity Management Plans 

− Construction Activity Management Plans (CAMP) 

− Retrofit Devices and Alternative Fuels 

− Repowers 

• Fugitive Dust Mitigation Measures   
 

Measure Applicability 
Measures should be applied as necessary to reduce construction impacts below the significance thresholds 
listed in Table 2-1.  Construction equipment mitigation measures and construction activity management 
practices have been shown to significantly reduce emissions while maintaining overall equipment 
performance and project scheduling needs.  Project proponents shall determine daily and quarterly 
construction phase impacts and define mitigation that will be implemented if impacts are expected to 

exceed the SLO County APCD’s construction phase thresholds of significance.   
 
The following list of standard and specific mitigation measures shall be incorporated into project 
conditions depending on the level of impacts. Ozone precursors (ROG + NOx) are to be combined and 
compared to the SLO County APCD’s construction phase significance thresholds.  Applying the BACT 
for construction equipment or implementing a Construction Activity Management Plan is required when 
the Quarterly Tier 2 construction significance thresholds of 6.3 tons per quarter ROG + NOx or 0.32 tons 
per quarter diesel PM are exceeded. 
 
2.3.1 Standard Mitigation Measures for Construction Equipment 
 
The standard mitigation measures for reducing nitrogen oxides (NOx), reactive organic gases (ROG), and 
diesel particulate matter (DPM) emissions from construction equipment are listed below: 

• Maintain all construction equipment in proper tune according to manufacturer’s specifications; 

• Fuel all off-road and portable diesel powered equipment with ARB certified motor vehicle 
diesel fuel (non-taxed version suitable for use off-road); 

• Use diesel construction equipment meeting ARB's Tier 2 certified engines or cleaner off-road 
heavy-duty diesel engines, and comply with the State off-Road Regulation; 
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• Use on-road heavy-duty trucks that meet the ARB’s 2007 or cleaner certification standard for 
on-road heavy-duty diesel engines, and comply with the State On-Road Regulation;  

• Construction or trucking companies with fleets that that do not have engines in their fleet that 
meet the engine standards identified in the above two measures (e.g. captive or NOx exempt 
area fleets) may be eligible by proving alternative compliance;  

• All on and off-road diesel equipment shall not idle for more than 5 minutes.  Signs shall be 
posted in the designated queuing areas and or job sites to remind drivers and operators of the 5 
minute idling limit; 

• Diesel idling within 1,000 feet of sensitive receptors is not permitted; 

• Staging and queuing areas shall not be located within 1,000 feet of sensitive receptors;  

• Electrify equipment when feasible; 

• Substitute gasoline-powered in place of diesel-powered equipment, where feasible; and, 

• Use alternatively fueled construction equipment on-site where feasible, such as compressed 
natural gas (CNG), liquefied natural gas (LNG), propane or biodiesel. 

 
2.3.2 Best Available Control Technology (BACT) for Construction Equipment 
 
If the estimated ozone precursor emissions from the actual fleet for a given construction phase are 
expected to exceed the APCD threshold of significance after the standard mitigation measures are 
factored into the estimation, then BACT needs to be implemented to further reduce these impacts. The 
BACT measures can include: 

• Further reducing emissions by expanding use of Tier 3 and Tier 4 off-road and 2010 on-road 
compliant engines; 

• Repowering equipment with the cleanest engines available; and 

• Installing California Verified Diesel Emission Control Strategies. These strategies are listed  
at: http://www.arb.ca.gov/diesel/verdev/vt/cvt.htm  

 
2.3.3 Construction Activity Management Plan (CAMP) and Off-Site Mitigation 
 
If the estimated construction emissions from the actual fleet are expected to exceed either of the APCD 
Quarterly Tier 2 thresholds of significance after the standard and BACT measures are factored into the 
estimation, then an APCD approved CAMP (see Technical Appendix 4.5 for CAMP Guidelines) and off-
site mitigation need to be implemented in order to reduce potential air quality impacts to a level of 
insignificance.  

 
CAMP 
The CAMP should be submitted to the APCD for review and approval prior to the start of construction 
and should include, but not be limited to, the following elements: 

• A Dust Control Management Plan that encompasses all, but is not limited to, dust control 
measures that were listed above in the “dust control measures” section; 

• Tabulation of on and off-road construction equipment (age, horse-power and miles and/or 
hours of operation); 

• Schedule construction truck trips during non-peak hours to reduce peak hour emissions; 

• Limit the length of the construction work-day period, if necessary; and, 

• Phase construction activities, if appropriate. 
 

Off-Site Mitigation 
It is important for the developer, lead agency, and SLO County APCD to work closely together whenever 
off-site mitigation is triggered. Off-site emission reductions can result from either stationary or mobile 
sources, but should relate to the on-site impacts from the project in order to provide proper "nexus" for 
the air quality mitigation.  For example, NOx emissions from a large grading project could be reduced by 
re-powering heavy-duty diesel construction equipment, thereby reducing the amount of NOx generated 
from that equipment.  An off-site mitigation strategy should be developed and agreed upon by all parties 
at least three months prior to the issuance of grading permits. 
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The current off-site mitigation rate is $16,000 per ton1 of ozone precursor emission (NOx + ROG) over 
the APCD threshold calculated over the length of the expected exceedance. The applicant may use these 
funds to implement APCD approved emission reduction projects near the project site or may pay that 
funding level plus an administration fee (2012 rate is 15%) to the APCD to administer emission reduction 
projects in close proximity to the project.  The applicant shall provide this funding at least two (2) months 
prior to the start of construction to help facilitate emission offsets that are as real-time as possible. 

 
Examples off-site mitigation strategies include, but are not limited to, the following: 

• Fund a program to buy and scrap older heavy-duty diesel vehicles or equipment; 

• Replace/repower transit buses; 

• Replace/repower heavy-duty diesel school vehicles (i.e. bus, passenger or maintenance 
vehicles); 

• Retrofit or repower heavy-duty construction equipment, or on-road vehicles; 

• Repower or contribute to funding clean diesel locomotive main or auxiliary engines; 

• Purchase VDECs for local school buses, transit buses or construction fleets; 

• Install or contribute to funding alternative fueling infrastructure (i.e. fueling stations for 
CNG, LPG, conductive and inductive electric vehicle charging, etc.);  

• Fund expansion of existing transit services; and, 

• Replace/repower marine diesel engines. 
 
2.4 FUGITIVE DUST MITIGATION MEASURES 
 
Fugitive dust is particulate matter that is less than ten micros in size (PM10) and is not emitted from 
defined point sources such as industrial smokestacks. Sources include open fields, graded or excavated 
areas, roadways, storage piles, etc. 
 
All fugitive dust sources shall be managed to ensure that dust emissions are adequately controlled to 
below the 20% opacity limit identified in the APCD Rule 401 Visible Emissions and to ensure that dust is 
not emitted offsite. Projects shall implement one of the following fugitive dust mitigation sets to both 
minimize fugitive dust emissions and associated complaints that could result in a violation of the APCD 
Rule 402 Nuisance.  The correct fugitive dust mitigation set for a given project depends on the project 
scale or proximity to sensitive receptors. The project proponent may propose other measures of equal or 
better effectiveness as replacements by contacting the APCD Panning Division. 
 
Fugitive Dust Mitigation Measures: Short List 
Projects with grading areas that are less than 4-acres and that are not within 1,000 feet of any sensitive 
receptor shall implement the following mitigation measures to minimize nuisance impacts and to 
significantly reduce fugitive dust emissions: 

 
a. Reduce the amount of the disturbed area where possible; 
 

b. Use water trucks or sprinkler systems in sufficient quantities to prevent airborne dust from 
leaving the site.  Increased watering frequency would be required whenever wind speeds exceed 
15 mph.  Reclaimed (non-potable) water should be used whenever possible; 

 

c. All dirt stock-pile areas should be sprayed daily as needed; 
 

d. All roadways, driveways, sidewalks, etc. to be paved should be completed as soon as possible, 
and building pads should be laid as soon as possible after grading unless seeding or soil binders 
are used; 

 

e. All of these fugitive dust mitigation measures shall be shown on grading and building plans; and   

                                                      
1 The value used to calculate off-site mitigation is based on the ARB approved Carl Moyer Grant Program and is updated on a periodic basis.  
The Carl Moyer cost effectiveness value as of 2009 is $16,000 per ton. 
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f. The contractor or builder shall designate a person or persons to monitor the fugitive dust 
emissions and enhance the implementation of the measures as necessary to minimize dust 
complaints, reduce visible emissions below 20% opacity, and to prevent transport of dust offsite. 
Their duties shall include holidays and weekend periods when work may not be in progress. 

 
Fugitive Dust Mitigation Measures: Expanded List 
Projects with grading areas that are greater than 4-acres or are within 1,000 feet of any sensitive receptor 
shall implement the following mitigation measures to minimize nuisance impacts and to significantly 
reduce fugitive dust emissions:  
 
a. Reduce the amount of the disturbed area where possible; 
 
b. Use of water trucks or sprinkler systems in sufficient quantities to prevent airborne dust from 

leaving the site.  Increased watering frequency would be required whenever wind speeds exceed 
15 mph.  Reclaimed (non-potable) water should be used whenever possible; 

 
c. All dirt stock pile areas should be sprayed daily as needed; 
 
d. Permanent dust control measures identified in the approved project revegetation and landscape 

plans should be implemented as soon as possible following completion of any soil disturbing 
activities; 

 
e. Exposed ground areas that are planned to be reworked at dates greater than one month after initial 

grading should be sown with a fast germinating, non-invasive grass seed and watered until 
vegetation is established; 

 
f. All disturbed soil areas not subject to revegetation should be stabilized using approved chemical 

soil binders, jute netting, or other methods approved in advance by the APCD; 
 
g. All roadways, driveways, sidewalks, etc. to be paved should be completed as soon as possible.  In 

addition, building pads should be laid as soon as possible after grading unless seeding or soil 
binders are used; 

 
h. Vehicle speed for all construction vehicles shall not exceed 15 mph on any unpaved surface at the 

construction site; 
 
i. All trucks hauling dirt, sand, soil, or other loose materials are to be covered or should maintain at 

least two feet of freeboard (minimum vertical distance between top of load and top of trailer) in 
accordance with CVC Section 23114;   

 
j. Install wheel washers where vehicles enter and exit unpaved roads onto streets, or wash off trucks 

and equipment leaving the site; 
 
k. Sweep streets at the end of each day if visible soil material is carried onto adjacent paved roads.  

Water sweepers with reclaimed water should be used where feasible;   
 
l. All of these fugitive dust mitigation measures shall be shown on grading and building plans; and 
 
m. The contractor or builder shall designate a person or persons to monitor the fugitive dust 

emissions and enhance the implementation of the measures as necessary to minimize dust 
complaints, reduce visible emissions below 20% opacity, and to prevent transport of dust offsite.  
Their duties shall include holidays and weekend periods when work may not be in progress.  The 
name and telephone number of such persons shall be provided to the APCD Compliance Division 
prior to the start of any grading, earthwork or demolition. 
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2.5 MITIGATION MONITORING 
 
The APCD may conduct site visits to ensure that the construction phase air quality mitigation measures 
identified in the project’s CEQA documents/conditions of approval were fully implemented.  The lead 
agency may also review project mitigation for consistency with project conditions. Beyond verifying 
mitigation implementation, this monitoring can result in compliance requirements if mitigation measures 
are not sufficiently being implemented.     
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3 ASSESSING AND MITIGATING OPERATIONAL IMPACTS 
 
Air pollutant emissions from urban development can result from a variety of sources, including motor 
vehicles, wood burning appliances, natural gas and electric energy use, combustion-powered utility 
equipment, paints and solvents, equipment or operations used by various commercial and industrial 
facilities, heavy-duty equipment and vehicles and various other sources.  The air quality impacts that 
result from operational activities of a development project should be fully evaluated and quantified as part 
of the CEQA review process.  The methods for evaluating and mitigating operational impacts from 
residential, commercial and industrial sources are discussed below.   
 
3.1 OPERATIONAL SIGNIFICANCE CRITERIA 
 
The APCD has established five separate categories of evaluation for determining the significance of 
project impacts.  Full disclosure of the potential air pollutant and/or toxic air emissions from a project is 
needed for these evaluations, as required by CEQA: 
 
a. Consistency with the most recent Clean Air Plan for San Luis Obispo County; 
 
b. Consistency with a plan for the reduction of greenhouse gas emissions that has been adopted by 

the jurisdiction in which the project is located and that, at a minimum, complies with State CEQA 
Guidelines Section 15183.5. 

 
c. Comparison of predicted ambient criteria pollutant concentrations resulting from the project to 

state and federal health standards, when applicable;  
 
d. Comparison of calculated project emissions to SLO County APCD emission thresholds; and, 
 
e. The evaluation of special conditions which apply to certain projects. 
 
3.2 CONSISTENCY WITH THE SLO COUNTY APCD’S CLEAN AIR PLAN AND SMART 

GROWTH PRINCIPLES 
 
A consistency analysis with the Clean Air Plan is required for a Program Level environmental review, 
and may be necessary for a Project Level environmental review, depending on the project being 
considered.  Program-Level environmental reviews include but are not limited to General Plan Updates 
and Amendments, Specific Plans, Regional Transportation Plans and Area Plans.  Project-Level 
environmental reviews which may require consistency analysis with the Clean Air Plan and 
Smart/Strategic Growth Principles adopted by lead agencies include: subdivisions, large residential 
developments and large commercial/industrial developments.  The project proponent should evaluate if 
the proposed project is consistent with the land use and transportation control measures and strategies 
outlined in the Clean Air Plan.  If the project is consistent with these measures, the project is considered 
consistent with the Clean Air Plan. 

3.3 CONSISTENCY WITH A PLAN FOR THE REDUCTION OF GREENHOUSE GAS 
EMISSIONS 

 
The APCD encourages local governments to adopt a qualified GHG reduction plan that is consistent with 
AB 32 goals. If a project is consistent with an adopted qualified GHG reduction plan it can be presumed 
that the project will not have significant GHG emission impacts. This approach is consistent with the 
State CEQA Guidelines, Section 15183.5 (see text in box below).  
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Detailed information on preparing qualified GHG reduction plans is provided in the Technical 
Appendices 4.6 GHG Plan Level Guidance. 
 
 

§15183.5. Tiering and Streamlining the Analysis of Greenhouse Gas Emissions.  

(a) Lead agencies may analyze and mitigate the significant effects of greenhouse gas emissions at a 

programmatic level, such as in a general plan, a long range development plan, or a separate plan to 

reduce greenhouse gas emissions. Later project-specific environmental documents may tier from 

and/or incorporate by reference that existing programmatic review. Project-specific environmental 

documents may rely on an EIR containing a programmatic analysis of greenhouse gas emissions as 

provided in section 15152 (tiering), 15167 (staged EIRs) 15168 (program EIRs), 15175-15179.5 

(Master EIRs), 15182 (EIRs Prepared for Specific Plans), and 15183 (EIRs Prepared for General 

Plans, Community Plans, or Zoning).  

 
(b) Plans for the Reduction of Greenhouse Gas Emissions. Public agencies may choose to analyze and 

mitigate significant greenhouse gas emissions in a plan for the reduction of greenhouse gas emissions 

or similar document. A plan to reduce greenhouse gas emissions may be used in a cumulative impacts 

analysis as set forth below. Pursuant to sections 15064(h)(3) and 15130(d), a lead agency may 

determine that a project’s incremental contribution to a cumulative effect is not cumulatively 

considerable if the project complies with the requirements in a previously adopted plan or mitigation 

program under specified circumstances.  

 
(1) Plan Elements. A plan for the reduction of greenhouse gas emissions should:  

 
(A) Quantify greenhouse gas emissions, both existing and projected over a specified time period, 

resulting from activities within a defined geographic area;  

 
(B) Establish a level, based on substantial evidence, below which the contribution to greenhouse gas 

emissions from activities covered by the plan would not be cumulatively considerable;  

 
(C) Identify and analyze the greenhouse gas emissions resulting from specific actions or categories of 

actions anticipated within the geographic area;  

 
(D) Specify measures or a group of measures, including performance standards, that substantial 

evidence demonstrates, if implemented on a project-by-project basis, would collectively achieve the 

specified emissions level;  

 
(E) Establish a mechanism to monitor the plan’s progress toward achieving the level and to require 

amendment if the plan is not achieving specified levels;  

 
(F) Be adopted in a public process following environmental review  

 
(2) Use with Later Activities. A plan for the reduction of greenhouse gas emissions, once adopted 

following certification of an EIR or adoption of an environmental document, may be used in the 

cumulative impacts analysis of later projects. An environmental document that relies on a greenhouse 

gas reduction plan for a cumulative impacts analysis must identify those requirements specified in the 

plan that apply to the project, and, if those requirements are not otherwise binding and enforceable, 

incorporate those requirements as mitigation measures applicable to the project. If there is substantial 

evidence that the effects of a particular project may be cumulatively considerable notwithstanding the 

project’s compliance with the specified requirements in the plan for the reduction of greenhouse gas 

emissions, an EIR must be prepared for the project.  
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3.4 COMPARISON TO STANDARDS 
 
State and federal ambient air quality standards are established to protect public health and welfare from 
the adverse impacts of air pollution; these standards are listed in Table 3-1.  Industrial and large 
commercial projects are sometimes required to perform air quality dispersion modeling if the SLO 
County APCD determines that project emissions may have the potential to cause an exceedance of these 
standards.  In such cases, models are used to calculate the potential ground-level pollutant concentrations 
resulting from the project.  The predicted pollutant levels are then compared to the applicable state and 
federal standards.  A project is considered to have a significant impact if its emissions are predicted to 
cause or contribute to a violation of any ambient air quality standard.  In situations where the predicted 
standard violation resulted from the application of a "screening-level" model or calculation, it may be 
appropriate to perform a more refined modeling analysis to accurately estimate project impacts.  If a 
refined analysis is not available or appropriate, then the impact must be mitigated to a level of 
insignificance or a finding of overriding considerations must be made by the permitting agency.  

Table 3-1: Ambient Air Quality Standards (State and Federal) 

Pollutant Averaging Time California Standard
 (1)

 Federal Standard
 (2)

 

Ozone 
1 Hour 0.09 ppm  

8 Hour 0.070 ppm 0.075 ppm 

Carbon 
Monoxide 

8 Hour 9.0 ppm 9 ppm 

1 Hour 20 ppm 35 ppm 

Nitrogen 
Dioxide 

Annual Arithmetic Mean 0.030 ppm 0.053 ppm 

1 Hour 0.18 ppm  

Sulfur 
Dioxide 

Annual Arithmetic Mean  0.030 ppm 

24 Hour 0.04 ppm 0.14 ppm 

3 Hour  0.5 ppm (secondary) 

1 Hour 0.25 ppm  

Respirable 
Particulate 

Matter 

PM10 

Annual Arithmetic 
Mean 

20 µg/m3 

 

24 Hour 50 µg/m3 150 µg/m3 

Fine 
Particulate 

Matter 

PM2.5 

Annual Arithmetic 
Mean 

12 µg/m3 
15.0 µg/m3 

24 Hour  35 µg/m3 

Hydrogen Sulfide 1 Hour 0.03 ppm  

Vinyl Chloride 24 Hour 0.01 ppm  

Sulfates 24 Hour 25 µg/m3  

Lead  30 day average: 25 µg/m3     

Rolling 3-month 

average:0.15 µg/m3  
 

Calendar quarter: 1.5 µg/m3 

Visibility 

Reducing 

Particles 

8 Hour 

Extinction coefficient of 0.23 
per kilometer – visibility of ten 
miles or more due to particles 
when relative humidity is less 
than 70 percent. Method: Beta 
Attenuation and Transmittance 
through Filter Tape. 

 

1. California standards for ozone, carbon monoxide (except Lake Tahoe), nitrogen dioxide, sulfur dioxide (1-hour and 24-hour), PM2.5, PM10 and 
visibility reducing particles are values that are not to be exceeded.  All other state standards are not to be equaled or exceeded. 
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2. Federal standards are not to be exceeded more than once in any calendar year.  The ozone standard is attained when the fourth highest eight 
hour concentration in a year, averaged over three years, is equal to or less than the standard.  For PM10, the 24 hour standard is attained when 

the expected number of days per calendar year with a 24-hour average concentration above 150 µg/m3 is equal to or less than one. For PM2.5, 
the 24 hour standard is attained when the 98 percent of the daily concentration, average over three years, are equal to or less than the standard.  

 
 
3.5 COMPARISON TO SLO COUNTY APCD OPERATIONAL EMISSION THRESHOLDS 
 
Emissions which exceed the designated threshold levels are considered potentially significant and should 
be mitigated. 
 
A Program Level environmental review, such as for a General Plan, Specific Plan or Area Plan however, 
does not require a quantitative air emissions analysis at the project scale.  A qualitative analysis of the air 
quality impacts should be conducted instead, and should be generated for each of the proposed 
alternatives to be considered.  The qualitative analysis of each alternative should be based upon criteria 
such as prevention of urban sprawl and reduced dependence on automobiles.  A finding of significant 
impacts can be determined qualitatively by comparing consistency of the project with the Transportation 
and Land Use Planning Strategies outlined in the APCD's Clean Air Plan.  Refer to Section 3.2 for more 
information. 
 
Section 3.7 of this document provides guidance on the type of mitigation recommended for varying levels 
of impact and presents a sample list of appropriate mitigation measures for different types of projects.  
 
3.5.1 Significance Thresholds for Project-Level Operational Emissions 
 
The threshold criteria established by the SLO County APCD to determine the significance and appropriate 
mitigation level for long-term operational emissions from a project are presented in Table 3-2. 
 

Table 3-2: Thresholds of Significance for Operational Emissions Impacts 

Pollutant 
Threshold

(1)
 

Daily  Annual 

Ozone Precursors (ROG + NOx)
(2) 25 lbs/day 25 tons/year 

Diesel Particulate Matter (DPM)(2)  1.25 lbs/day  

Fugitive Particulate Matter (PM10), Dust  25 lbs/day 25 tons/year 

CO 550 lbs/day  

Greenhouse Gases (CO2, CH4, N20, HFC, CFC, F6S) 

Consistency with a Qualified Greenhouse Gas 
Reduction Plan 

OR 

1,150 MT CO2e/year 

OR 

4.9 CO2e/SP/year (residents + employees) 

1. Daily and annual emission thresholds are based on the California Health & Safety Code Division 26, Part 3, Chapter 10, Section 
40918 and the CARB Carl Moyer Guidelines for DPM. 
2. CalEEmod  – use winter operational emission data to compare to operational thresholds. 

 
Most of the long-term operational mitigation strategies suggested in Section 3.7 focus on methods to 
reduce vehicle trips and travel distance, including site design standards which encourage pedestrian and 
bicycle-friendly, transit-oriented development.  In addition, the recommendations include design 
strategies for residential and commercial buildings that address energy conservation and other concepts to 
reduce total project emissions.  These recommendations are not all inclusive and are provided as 
examples among many possibilities. 
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3.5.2 Ozone Precursor (ROG + NOx) Emissions  
 

• If the project’s ozone precursor emissions are below the APCD’s 25 lbs/day (combined ROG 
+ NOx emissions) no ozone mitigation measures are necessary.  The Lead Agency will prepare 
the appropriate, required environmental document(s).  

 

• Projects which emit 25 lb/day or more of ozone precursors (ROG + NOx combined) have the 
potential to cause significant air quality impacts, and should be submitted to the SLO County 
APCD for review.  On-site mitigation measures, following the guidelines in Section 3.7 
(Operational Emission Mitigation), are recommended to reduce air quality impacts to a level 
of insignificance.   
 
If all feasible mitigation measures are incorporated into the project and emissions can be 
reduced to less than 25 lbs/day, then the Lead Agency will prepare the appropriate, required 
environmental document(s). 
 
If all feasible mitigation measures are incorporated into the project and emissions are still 
greater than 25 lbs/day, then an ENVIRONMENTAL IMPACT REPORT should be prepared.  
Additional mitigation measures, including off-site mitigation, may be required depending on 
the level and scope of air quality impacts identified in the EIR. 

 

• Projects which emit 25 tons/year or more of ozone precursor (ROG + NOx combined), require 
the preparation of an ENVIRONMENTAL IMPACT REPORT. Depending upon the level and 
scope of air quality impacts identified in the EIR, mitigation measures, including off-site 
mitigation, may be required to reduce the overall air quality impacts of the project to a level of 
insignificance. 

 
3.5.3 Diesel Particulate Matter (DPM) Emissions 
 
Diesel particulate matter (DPM) is seldom emitted from individual projects in quantities which lead to 
local or regional air quality attainment violations. DPM is, however, a toxic air contaminant and 
carcinogen, and exposure DPM may lead to increased cancer risk and respiratory problems. Certain 
industrial and commercial projects may emit substantial quantities of DPM through the use of stationary 
and mobile on-site diesel-powered equipment as well diesel trucks and other vehicles that serve the 
project.  
 
Projects that emit more than 1.25 lbs/day of DPM need to implement on-site Best Available Control 
Technology measures. If sensitive receptors are within 1,000 feet of the project site, a Health Risk 
Assessment (HRA) may also be required. Sections 3.5.1 and 3.6.4 of this Handbook provide more 
background on HRAs in conjunction with CEQA review.  Guidance on the preparation of a HRA may be 
found in the CAPCOA report HEALTH RISK ASSESSMENT FOR PROPOSED LAND USE PROJECTS 

which can be downloaded from the CAPCOA website at www.capcoa.org.   
 
3.5.4 Fugitive Particulate Matter (Dust) Emissions 
 
Projects which emit more than 25 lbs/day or 25 tons/year of fugitive particulate matter need to 
implement permanent dust control measures to mitigate the emissions below these thresholds or provide 
suitable off-site mitigation approved by the APCD.  Operational fugitive dust emissions from a proposed 
project are calculated using the CALEEMOD model discussed in Section 3.6.1.  Typical sources of 
operational emissions included the following: 
 

• Paved roadways: Vehicular traffic on paved roads that are used to accesses large residential, 
commercial, or industrial projects can generate significant dust emissions. 
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• Off and/or on-site unpaved roads or surfaces: Even at low traffic volume, vehicular traffic on 
unpaved roads or surfaces that are used to accesses residential, commercial, or industrial 
operations or that accesses special events, etc. can generate significant dust emissions  

• Industrial and/or commercial operations: Certain industrial operations can generate significant 
dust emissions associated with vehicular access, commercial or industrial activities.  

 
Any of the above referenced land uses or activities can result in dust emissions that exceed the APCD 
significance thresholds, cause violations of an air quality standard, or create a nuisance impact in 
violation of APCD Rule 402 Nuisance. In all cases where such impacts are predicted, appropriate fugitive 
dust mitigation measures shall be implemented. 
 
3.5.5 Carbon Monoxide (CO) Emissions 
 
Carbon monoxide is a colorless, odorless, tasteless gas emitted during combustion of carbon-based fuels. 
While few land use projects result in high emissions of CO, this pollutant is of particular concern when 
emitted into partially or completely enclosed spaces such as parking structures and garages. Projects 
which emit more than 550 lbs/day of carbon monoxide (CO) and occur in a confined or semi-confined 
space (e.g., parking garage or enclosed indoor stadium) must be modeled to determine their significance.  
In confined or semi-confined spaces where vehicle activity occurs, CO modeling is required.  If modeling 
shows the potential to violate the State CO air quality standard, mitigation or project redesign is required 
to reduce CO concentrations to a level below the health-based standard. 
 
3.5.6 Greenhouse Gas Emissions 
 
GHGs (CO2, CH4, N20, HFC, CFC, F6S) from all projects subject to CEQA must be quantified and 
mitigated to the extent feasible.  The thresholds of significance for a project’s amortized construction plus 
operational-related GHG emissions are:  
 

• For land use development projects, the threshold is compliance with a qualified GHG 
Reduction Strategy (see Section 3.3); OR annual emissions less than 1,150 metric tons per 
year (MT/yr) of CO2e; ORr 4.9 MT CO2e/service population (SP)/yr (residents + employees2). 
Land use development projects include residential, commercial and public land uses and 
facilities. Lead agencies may use any of the three options above to determine the significance 
of a project’s GHG emission impact to a level of certainty. 

• For stationary-source projects, the threshold is 10,000 metric tons per year (MT/yr) of CO2e. 
Stationary-source projects include land uses that would accommodate processes and 
equipment that emit GHG emissions and would require an APCD permit to operate.  

 
The APCD‘s GHG threshold is defined in terms of carbon dioxide equivalent (CO2e), a metric that 
accounts for the emissions from various greenhouse gases based on their global warming potential. If 
annual emissions of GHGs exceed these threshold levels, the proposed project would result in a 
cumulatively considerable contribution of GHG emissions and a cumulatively significant impact to global 
climate change.  More detailed information on the greenhouse gas thresholds can be found in the APCD’s 
Greenhouse Gas Thresholds and Supporting Evidence document (March 28, 2012) that is available at 
www.slocleanair.org. 
 
3.6 SPECIAL CONDITIONS 
 
Projects may require additional assessments as described in the following section. 
 

                                                      
2 For projects where the employment is unknown, please refer to Appendix 4.7 “Employees per 1000sf” to estimate 
the number of employees associated with any project. 
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3.6.1 Toxic Air Contaminants 
 

Health Risk Assessments 
If a project has the potential to emit toxic or hazardous air pollutants, or is located in close proximity to 
sensitive receptors, impacts may be considered significant due to increased cancer risk for the affected 
population, even at a very low level of emissions.  Such projects may be required to prepare a risk 
assessment to determine the potential level of risk associated with their operations.  The SLO County 
APCD should be consulted on any project with the potential to emit toxic or hazardous air pollutants.  
Pursuant to the requirements of California Health and Safety Code Section 42301.6 (AB 3205) and Public 
Resources Code Section 21151.8, subd. (a)(2), any new school, or proposed industrial or commercial 
project site located within 1000 feet of a school must be referred to the SLO County APCD for review.  
Further details on requirements for projects in this category are presented in Section 4.1. 
 
In April of 2005, the California ARB issued the AIR QUALITY AND LAND USE HANDBOOK: A 

COMMUNITY HEALTH PERSPECTIVE (Land Use Handbook).  The ARB has determined that 
emissions from sources such as roadways and distribution centers and, to a lesser extent gas stations, 
certain dry cleaners, marine ports and airports as well as refineries can lead to unacceptably high health 
risk from diesel particulate matter and other toxic air contaminants (TACs).  Groups such as children and 
the elderly, as well as long-term residential occupants, are particularly at risk from toxic exposure.  
 
In July 2009, the California Air Pollution Control officers Associations (CAPCOA) adopted a guidance 
document HEALTH RISK ASSESSMENTS FOR PROPOSED LAND USE PROJECTS to provide uniform 
direction on how to assess the health risk impacts from and to proposed land use projects.  The CAPCOA 
guidance document focuses on how to identify and quantify the potential acute, chronic, and cancer 
impacts of sources under CEQA review.  It also outlines the recommended procedures to identify when a 
project should undergo further risk evaluation, how to conduct the health risk assessment (HRA), how to 
engage the public, what to do with the results from the HRA, and what mitigation measures may be 
appropriate for various land use projects.    
 
As defined in the CAPCOA guidance document there are basically two types of land use projects that 
have the potential to cause long-term public health risk impacts:    

 
� Type A Projects: new proposed land use projects that generate toxic air contaminants (such as 

gasoline stations, distribution facilities or asphalt batch plants) that impact sensitive receptors.  
Air districts across California are uniform in their recommendation to use the significance 
thresholds that have been established under each district’s “Hot Spots” and permitting 
programs.  The APCD has defined the excess cancer risk significance threshold at 10 in a 
million for Type A projects in SLO County; and,   

 
� Type B Projects: new land use projects that will place sensitive receptors (e.g., residential 

units) in close proximity to existing toxics sources (e.g., freeway).  The APCD has established 
a CEQA health risk threshold of 89 in-a-million for the analysis of projects proposed in close 
proximity to toxic sources. This value represents the population weighted average health risk 
caused by ambient background concentrations of toxic air contaminants in San Luis Obispo 
County. The APCD recommends Health Risk screening and, if necessary, Health Risk 
Assessment (HRA) for any residential or sensitive receptor development proposed in 
proximity to toxic sources. 

 
If a project is located near a sensitive receptor (e.g., school, hospital, dwelling unit(s), etc.), it may be 
considered significant even if other criteria do not apply.  The health effects of a project's emissions may 
be more pronounced if they impact a considerable number of children, elderly, or people with 
compromised respiratory or cardiac conditions.  
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Diesel PM 
In October of 2000, the ARB issued and adopted the Diesel Risk Reduction Plan to reduce particulate 
matter emissions from diesel-fueled engines and vehicles.  This plan identified that 70% of the airborne 
toxic risk in California is from diesel particulate matter.   
 
The plan called for a 90% reduction in this Toxic Air Contaminant by 2020 through: 

 
a. Adoption of new regulatory standards for all new on-road, off-road, and stationary diesel-fueled 

engines and vehicles; 
 
b. Requiring feasible and cost-effective diesel PM reducing retrofit requirements for the existing 

fleets and stationary engines; and, 
 
c. Reducing the sulfur content in diesel-fuel sold in California to 15 parts per million. 
 
At a minimum, fleets must meet the diesel emission reduction requirements that have been adopted in the 
State’s Diesel Risk Reduction Plan.  These fleets may also be required to provide additional mitigation 
depending on the project’s emissions and location.   

 
Asbestos / Naturally Occurring Asbestos 
Naturally occurring asbestos (NOA) has been identified by the state Air Resources Board as a toxic air 
contaminant.  Serpentine and ultramafic rocks are very common throughout California and may contain 
naturally occurring asbestos.  The SLO County APCD has identified areas throughout the County where 
NOA may be present (see Technical Appendix 4.4).  Under the ARB’s Air Toxic Control Measure 
(ATCM) related to quarrying, and surface mining operations, a geologic evaluation is required to 
determine if NOA is present prior to any grading activities at a project site located in the candidate area. 
 
If NOA is found at the site the applicant must comply with all requirements outlined in the Asbestos 
ATCM for Quarrying, and Surface Mining Operations.  These requirements may include but are not 
limited to:  

 
a. Development of an Asbestos Dust Mitigation Plan which must be approved by the APCD before 

operations begin, and,  
 
b. Development and approval of an Asbestos Health and Safety Program (required for some 

projects). 
 

If NOA is not present, an exemption request must be filed with the Air District.  More information on 
NOA can be found at http://www.slocleanair.org/business/asbestos.asp. 
 
3.6.2 Agricultural Operations 

 
Wineries, Tasting Rooms and Special Events 
Reactive organic gas emissions (ethanol) generated during wine fermentation and storage, as well as 
emissions from equipment used in wine production, can cause significant air quality impacts.  Thus, the 
emissions for new or modified winery operations and activities should be evaluated and appropriate 
mitigation specified when necessary.  New or expanding wineries with storage capacity of 26,000 gallons 
per year or more may also require a Permit to Operate from the APCD.   

 
Wine production facilities can also generate nuisance odors during various steps of the process.  Proven 
methods for handling wastewater discharge and grape skin waste need to be incorporated into the winery 
practices to minimize the occurrence of anaerobic processes that mix with ambient air which can result in 
offsite nuisance odor transport.  Odor complaints could result in a violation of the SLO County APCD 
Rule 402 Nuisance. 
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Agricultural Burns 
Agricultural operations must obtain an APCD Agricultural Burn Permit to burn dry agricultural 
vegetation on Permissive Burn Days.  The ARB provides educational handbooks on agricultural burning 
(English and Spanish) to growers which are available at the following websites:  
 -www.arb.ca.gov/cap/handbooks/agburningsmall.pdf 

-www.arb.ca.gov/cap/handbooks/agburningspanishsmall.pdf. 
 

3.6.3 Fugitive Dust 
 
Fugitive dust can come from many sources, such as unpaved roads, equestrian facilities and confined 
animal feeding operations. Dust emissions from the operational phase of a project should be managed to 
ensure they do not impact offsite areas and do not exceed the 20% opacity limit identified in SLO County 
APCD Rule 401 Visible Emissions.  A list of approved dust control suppressants is available in Technical 
Appendix 4.3. The approved suppressants must be reapplied at a frequency that ensures dust emissions 
will not exceed the limits stated above.  Any chemical or organic material used for stabilizing solids shall 
not violate the California State Water Quality Control Board standards for use as a soil stabilizer. Any 
dust suppressant must not be prohibited for use by the US Environmental Protection Agency, the 
California Air Resources Board, or other applicable law, rule, or regulation. 

 
Equestrian Facilities 
Another potential source of fugitive dust can come from equestrian facilities, which may be a nuisance to 
local residents.  To minimize nuisance impacts and to reduce fugitive dust emissions from equestrian 
facilities the following mitigation measures should be incorporated into the project:    

� Reduce the amount of the disturbed area where possible; 
� Use water trucks or sprinkler systems in sufficient quantities to prevent airborne dust from 

leaving the site.  Increased watering frequency whenever wind speeds exceed 15 mph.  
Reclaimed (non-potable) water shall be used whenever possible; 

� Permanent dust control measures shall be implemented as soon as possible following 
completion of any soil disturbing activities; 

� All disturbed soil areas not subject to revegetation shall be stabilized using approved chemical 
soil binders, jute netting, or other methods approved in advance by the Air District; 

� All access roads and parking areas associated with the facility shall be paved to reduce fugitive 
dust; and, 

� A person or persons shall be designated to monitor for dust and implement additional control 
measures as necessary to prevent transport of dust offsite.  The monitor's duties shall include 
holidays and weekend.  The name and telephone number of such persons shall be provided to 
the Air District prior to operation of the arena. 

 
Dirt Roads and Unpaved Areas  
When a project is accessed by unpaved roads and or has unpaved driveways or parking areas, a PM10 
emission estimate needs to be conducted using the CALEEMOD model.  When the model’s emission 
estimate demonstrates an exceedance of the 25 lbs of PM10/day or 25 tons of PM10/year APCD thresholds, 
the following mitigation is required: 

 
For the unpaved road leading to the project location, implement one of the following: 
 
a. For the life of the project, pave and maintain the driveway; or, 
 
b. For the life of the project, maintain the private unpaved driveway with a dust suppressant (See 

Technical Appendix 4.3 for a list of APCD-approved suppressants) such that fugitive dust 
emissions do not impact off-site areas and do not exceed the APCD 20% opacity limit.  

 
To improve the dust suppressant’s long-term efficacy, the applicant shall also implement and maintain 
design standards to ensure vehicles that use the on-site unpaved road are physically limited (e.g., speed 
bumps) to a posted speed limit of 15 mph or less.  
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If the project involves a city or county owned and maintained road, the applicant shall work with the 
Public Works Department to ensure road standards are followed.  The applicant may propose other 
measures of equal effectiveness as replacements by contacting the APCD Planning Division. 

 
Special Event Mitigation 
When a special event is accessed by unpaved roads and or has unpaved driveways or parking areas, a 
PM10 emission estimate must to be conducted using the CALEEMOD model.  If the model shows an 
exceedance of the 25 lbs/day of PM10 significance threshold, the following mitigation is required on the 
day(s) of the special event: 

 

a. Designated parking locations shall be: 

1. Paved when possible;  

2. Sited in grass or low cut dense vegetative areas; or, 

3. Treated with a dust suppressant such that fugitive dust emissions do not impact offsite 
areas and do not exceed the APCD 20% opacity limit (see Technical Appendix 4.3). 

 

b. Any unpaved roads/driveways that will be used for the special event shall be maintained with an 
APCD-approved dust suppressant such that fugitive dust emissions do not impact offsite areas 
and do not exceed the APCD 20% opacity limit. 
 

The applicant may propose alternative measures of equal effectiveness by contacting the APCD Planning 
Division.   
 
3.6.4 Air Quality Nuisance Impacts 
 
If a project has the potential to cause an odor or other nuisance problem which could impact a 
considerable number of people, then it may be considered significant.  A project may emit a pollutant in 
concentrations that would not otherwise be significant except as a nuisance. Odor impacts on residential 
areas and other sensitive receptors warrant the closest scrutiny, but consideration should also be given to 
other land uses where people may congregate, such as recreational facilities, work sites and commercial 
areas. 
 
When making a determination of odor significance, determine whether the project would result in an odor 
source located next to potential receptors within the distances indicated in Table 3-3.  The Lead Agency 
should evaluate facilities not included in Table 3-3 or projects separated by greater distances than 
indicated in Table 3-3 if warranted by local conditions or special circumstances.  The list is provided as a 
guide and, as such, is not all-inclusive. 
 
If a project is proposed within the screening level distances in Table 3-3, the APCD Enforcement 
Division should be contacted for information regarding potential odor problems.  For projects that involve 
new receptors located near an existing odor source(s), an information request should be submitted to the 
SLO County APCD to review the inventory of odor complaints for the nearest odor emitting facility(ies) 
during the previous three years.  For projects involving new receptors to be located near an existing odor 
source where there is currently no nearby development, and for new odor sources locating near existing 
receptors, the information request and analysis should be based on a review of odor complaints for similar 
facilities. 
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Table 3-3: Project Screening Distances for Nuisance Sources 

PROJECT SCREENING DISTANCES 

Type of Operation Project Screening Distance 

Asphalt Batch Plant 1 mile 

Chemical Manufacturing 1 mile 

Coffee Roaster 1 mile 

Composting Facility 1 mile 

Fiberglass Manufacturing 1 mile 

Food Processing Facility 1 mile 

Oil Field 1 mile 

Painting/Coating Operations (e.g. auto body shops) 1 mile 

Petroleum Refinery 2 miles 

Rendering Plant 1 mile 

Sanitary Landfill 1 mile 

Transfer Station 1 mile 

Wastewater Treatment Plant 1 mile 
Note: This list is provided as a guide and is not all-inclusive. 

 
For a project that will be located near an existing odor source the project should be identified as having a 
significant odor impact, if it will be as close or closer to the any location that has experienced: 1) more 
than one confirmed complaint per year averaged over a three year period, or 2) three unconfirmed 
complaints per year averaged over a three year period. 
 
If a proposed project is determined to result in potential odor problems, mitigation measures should be 
identified.  For some projects, add-on controls or process changes, such as carbon absorption, incineration 
or an engineering modification to stacks/vents, can reduce odorous emissions.  In many cases, however, 
the most effective mitigation strategy is the provision of a sufficient distance, or buffer zone, between the 
source and the receptor(s). 
 
The SLO County APCD should be consulted whenever any of these additional special conditions may be 
applicable for a proposed project. 
 
3.7 METHODS FOR CALCULATING PROJECT OPERATIONAL EMISSIONS 
 
Operational phase air pollutant emissions from urban development can result from a variety of sources, 
including motor vehicles, wood burning appliances, natural gas and electric energy use, combustion-
powered utility equipment, paints and solvents, equipment or operations used by various commercial and 
industrial facilities, construction and demolition equipment and operations, and various other sources.  
The amount and type of emissions produced, and their potential to cause significant impacts, depends on 
the type and level of development proposed.  The following sections describe the recommended methods 
generally used to calculate emissions from motor vehicles, congested intersections and roadways, non-
vehicular sources at residential and commercial facilities, and industrial point and area sources.  
Calculation and mitigation of construction emissions are described separately in Chapter 2. 
 
Submittals describing project assessments must include spreadsheets with project calculations and a 
description of calculations so that the APCD can verify project quantification.  Calculations must be 
based on San Luis Obispo County default conditions unless the default settings are not 
representative of the project (see below).  The project report must detail assumptions made and provide 
sample calculations.  Prior to finalizing the calculations, contact the APCD Planning and Outreach 
Division to review assumptions that do not have solid evidential support.  
 
3.7.1 Determining Motor Vehicle Emissions 
 
Motor vehicles are a primary source of long-term emissions from many residential, commercial, 
institutional, and industrial land uses.  These land uses often do not emit significant amounts of air 
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pollutants directly, but cause or attract motor vehicle trips that do produce emissions.  Such land uses are 
referred to as indirect sources. 
 
Motor vehicle emissions associated with indirect sources should be calculated for projects which exceed 
or are within 10 % of the screening criteria listed in Table 1-1.  Calculations should be performed using 
the latest version of CALEEMOD; this software incorporates the most recent vehicle emission factors 
from the EMFAC model (i.e., EMission FACtors) provided by the California Air Resources Board 
(ARB), and average trip generation factors published by the Institute of Transportation Engineers (ITE). 
The latest version of this program should always be used and can be downloaded free of charge at 
www.caleemod.com.    
 
CalEEMod is a planning tool for estimating vehicle miles travel, fuel use and resulting emissions related 
to land use projects throughout California.  The model calculates emissions of ROG, NOx, CO, and CO2 
and other GHGs as well as dust and exhaust PM10 from vehicle use associated with new or modified 
development such as shopping centers, housing, commercial services, industrial land uses, etc.     
CALEEMOD includes many default values for parameters such as  

• Seasonal Average Temperature; 

• Humidity; 

• Wood and gas stoves in a residential development and their usage; 

• Fleet mix; 

• Average vehicle speed and age; 

• Average urban, rural, commute, shopping, and other trip type distances; and,  

• Average trip rates for each land use. 
 
When modeling project emissions, the user must specify that the project is located in SLO County so that 
the appropriate default values are used for the modeling.  Motor vehicle-related defaults should not be 
changed without justification for doing so; solid documentation of rationale for any changes made need to 
be provided to APCD as part of the air quality report.  Defaults that need to be evaluated and modified 
based on the project location and specifications include: 
 

• Trip Length:  For projects that are located in rural areas of the county where commercial 
services are not readily available, the trip length default values in the Operational – Mobile 
Vehicle Trips CalEEMod tab need be set at 13 miles for all trip distances; this happens 
automatically if the “Rural” Land Use Setting. 

 

• Fleet Mix: Projects that attract a mix of vehicles which clearly differs from the default vehicle 
fleet in SLO County should make the appropriate changes to the FleetMix fraction section on 
the Annual, Summer, and Winter subtabs under the CalEEMod Operational – Mobile Vehicle 
Emissions Tab. Some examples include large commercial retail with heavy on-road truck use 
and heavy industry. 

 

• Dirt and Roads: Projects which include on- and off-site dirt access roads should modify the 
default Road Dust component to accurately assess the project’s PM10 emissions.  For general 
traffic, SLO County APCD recommends using the ARB’s unpaved road emission factor of 2 
pounds of particulate matter emissions per one mile of unpaved vehicle mile traveled 
(www.arb.ca.gov/ei/areasrc/fullpdf/FULL7-10.pdf).  This value is not appropriate for heavy 
duty diesel truck travel on unpaved roads. 
 
The following are the APCD recommended values to use in CalEEMod’s Operational – 
Mobile Road Dust tab to yield PM10 emissions using variable values that emulate the ARB’s 
above identified unpaved road emission factor: 
 

o Under the “Paved Road Dust” section: 
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- Change the “% Pave” value to define your project’s paved road component 
by entering the results of the following calculation:  

� In general, the total distance of paved road driving (miles) is 
determined with:  

• [1 – (A/B)] x 100% 

• Where A  = The unpaved road distance to access the project 

• Where B  is typically = to the county average one way trip 
distance of 13 miles) 

o Under the “Unpaved Road Dust” section: 
- Use a value of 9.3 for “Material Silt Content (%)” 
- Use a value of 0.1 for “Material Moisture Content (%)” 
- Use a value of 32.4 for “Mean Vehicle Speed (mph)”   

 
If the project has a total distance of unpaved road greater than 13 miles, the actual distance of 
the unpaved road should be compared to the total one-way trip length to determine the 
percentages of paved and unpaved road distances. In addition, the Trip Length in the 
Operational – Mobile Vehicle Trips tab needs to be updated by entering the total length of a 
one way trip for the project.   

 
CalEEMod reports submitted as part of a CEQA evaluation need to include the following: 
 
a. A winter, summer, and annual report; 
 
b. The model files associated with the reports;  
 
c. The SLO County APCD CEQA operational criteria pollutant thresholds should be compared to 

the Overall Operational winter total emissions (Note: ROG and NOx emission values are 
combined and compared to the 25 lb/day threshold); 
 

d. The SLO County APCD CEQA operational GHG numerical threshold should be compared to the 
Overall Operational annual total CO2e emissions; 

 
e. When summarizing modeling results in a CEQA document summary table always list the 

pollutants in the order they are listed in the model for ease of review; and, 
 
f. Changes to any SLO County defaults need to be identified and a solid defensible explanation for 

those changes need to be provided to the APCD.  
 
3.7.2 Non-Vehicular Emissions from Residential and Commercial Facilities 
 
Non-vehicular emission sources associated with most residential and commercial development include 
energy use to power lights, appliances, heating and cooling equipment, evaporative emissions from paints 
and solvents, fuel combustion by lawnmowers, leaf blowers and other small utility equipment, residential 
wood burning, household products, and other small sources.  Collectively, these are referred to as “area 
sources” and are important from a cumulative standpoint even though they may appear insignificant when 
viewed individually. The CALEEMOD model provides emissions estimations from area sources based on 
land use types; however it underestimates all emissions associated with electricity use and water 
consumption. 
 
One CALEEMOD default area source value which has a significant impact on project emissions and may 
need to be changed is hearth fuel combustion – it is enabled by default and should be disabled or modified 
if the project excludes wood-burning devices. 
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3.7.3 Industrial Emission Sources 
 
From an emissions standpoint, industrial facilities and operations are typically categorized as being 
“point” or “area” sources.  Point sources are stationary and generally refer to a site that has one or more 
emission sources at a facility with an identified location (e.g., power plant, refinery, etc.).  Area sources 
can be: 

• Stationary or mobile and typically include categories of stationary facilities whose emissions 
are small individually, but may be significant as a group (e.g., gas stations, dry cleaners, etc.); 

• Sources whose emissions emanate from a broad area (e.g., fugitive dust from storage piles and 
dirt roads, landfills, etc.); and, 

• Mobile equipment used in industrial operations (e.g., drill rigs, loaders, haul-trucks, etc.).   
 
Emissions from new, modified or relocated point sources are directly regulated through the APCD Rule 
204 New Source Review requirements and facility permitting program.  A general list of the type of 
sources affected by these requirements is provided in Section 4.1.  New development that includes these 
source types should be forwarded to the SLO County APCD for a determination of APCD permitting and 
control requirements.  Through the CEQA analysis, all air quality impacts are evaluated including the 
stationary point, area and mobile sources.  While a specific piece of equipment or process may be covered 
by an APCD permit it is not excluded from the CEQA evaluation process. 
 
3.7.4 Health Risk Assessment 
 
Health risk is a common metric used by air quality and health scientists to describe the potential for an 
individual or group of people (population) in a given area to suffer serious health effects from long-term 
or short-term exposure to one or more toxic air contaminants (TACs).  In July 2009, the California Air 
Pollution Control officers Association (CAPCOA) released a guidance document titled HEALTH RISK 

ASSESSMENT FOR LAND USE PROJECTS, which is available for download at www.capcoa.org.  
Attachment 1 of the CAPCOA document provides specific guidance on how to model emissions of toxic 
substances from various source types to determine the potential cancer risk as well as acute and chronic 
non-cancer health risks for nearby receptors. 
 
A screening-level and/or refined health risk assessment (HRA) may be required for projects which may 
result in the exposure of sensitive receptors (e.g., school, hospital, dwelling unit(s), etc.) to TACs. 
Projects which involve the siting of either the TAC source itself or sensitive receptors in close proximity 
to a TAC should be evaluated for risk exposure.  Various tools are available to perform a screening 
analysis from stationary sources impacting receptors (Type A projects).   
   
For projects being impacted by existing sources (Type B projects), a distance table screening tool is 
available in the ARB Land Use Handbook which provides recommended buffer distances associated with 
types of most common toxic air contaminant sources (see Technical Appendix 4.2).   
 
If a screening risk assessment shows that the potential risk exceeds the APCD’s thresholds, then a more 
refined analysis may be required.  The assessment should include the evaluation of both mobile and 
stationary sources.  Risk assessments are normally prepared in a tiered manner, where progressively more 
input data is collected to refine the results.  The refined analysis for the project should provide more 
accurate information for decision makers.   
 
3.7.5 Greenhouse Gas Emissions 
 
To quantify GHG emissions from a proposed development, the APCD recommends using CalEEMod for 
mobile sources and a partial characterization of area source impacts.  In certain cases (e.g., drive-through 
restaurants), the use of alternative methodologies to quantify GHG impacts will be required.  Please 
consult APCD Planning Division staff for current calculation methods. 
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3.8 OPERATIONAL EMISSION MITIGATION 
 
Emissions from motor vehicles that travel to and from residential, commercial, and industrial land uses 
can generally be mitigated by reducing vehicle activity through site design (e.g., transit oriented design, 
infill, mixed use, etc.), implementing transportation demand management measures, using clean fuels and 
vehicles, and/or off-site mitigation.  In addition, area source operational emissions from energy 
consumption from land uses can be mitigated by improving energy efficiencies, conservation measures 
and use of alternative energy sources.  The mitigation measures in this section are intended to reduce 
emissions of ROG, NOx, Diesel PM (DPM), Dust PM, and GHGs.  The following three categories best 
capture the types of mitigation measures that can reduce air quality impacts from project operations: 
 

• Site Design Mitigation Measures:  Site design and project layout can be effective methods of 
mitigating air quality impacts of development.  Land use development that incorporates urban 
infill, higher density, mixed use and walkable, bikeable, and transit oriented designs can 
significantly reduce vehicle activity and associated air quality impacts. As early as possible in 
the scoping phase of a project, the SLO County APCD recommends that developers and 
planners refer to the document CREATING TRANSPORTATION CHOICES THROUGH 

DEVELOPMENT DESIGN AND ZONING and Appendix E of the APCD Clean Air Plan 
LAND USE AND CIRCULATION MANAGEMENT STRATEGIES.  APCD Planning Division 
staff is available to discuss project layout and design factors which can influence indirect 
source emissions and reduce mobile source emissions. 

 

• Energy Efficiency Mitigation Measures:  Residential and commercial energy use for 
lighting, heating and cooling is a significant source of direct and indirect air pollution 
nationwide.  Reducing site and building energy demand will reduce emissions at the power 
plant source and natural gas combustion in homes and commercial buildings. The energy 
efficiency of both commercial and residential buildings can be improved by orienting 
buildings to maximize natural heating and cooling. 

 

• Transportation Mitigation Measures:  Vehicle emissions are often the largest continuing 
source of emissions from the operational phase of a development. Reducing the demand for 
single-occupancy vehicle trips is a simple, cost-effective means of reducing vehicle emissions.  
In addition, using cleaner fueled vehicles or retrofitting equipment with emission control 
devices can reduce the overall emissions without impacting operations.  In today’s 
marketplace, clean fuel and vehicle technologies exist for both passenger and heavy-duty 
applications. 
 

3.8.1 Guidelines for Applying ROG, NOx and PM10 Mitigation Measures 
 
In general, projects which do not exceed the 25 lb/day ROG+NOx threshold do not require mitigation.  
For projects which exceed this threshold, the SLO County APCD has developed a list of mitigation 
strategies for residential, commercial and industrial projects. Alternate mitigation measures may be 
suggested by the project proponent if the APCD-suggested measures are not feasible. Project mitigation 
recommendations should follow the guidelines listed below and summarized in Table 3-4: 
 
a. Projects with the potential to generate 25 - 29 lbs/day of combined ROG + NOx or PM10 

emissions should select and implement at least 8 mitigation measures from the list; 
 
b. Projects generating 30 - 34 lbs./day of combined ROG + NOx or PM10 emissions should select 

and implement at least 14 mitigation measures list; 
 
c. Projects generating 35 - 50 lbs./day of combined ROG + NOx or PM10 emissions should 

implement at least 18 measures from the list; 
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d. Projects generating 50 lbs/day or more of combined ROG + NOx or PM10 emissions should select 
and implement all feasible measures from the list.  Further mitigation measures may also be 
necessary, including off-site measures, depending on the nature and size of the project and the 
effectiveness of the mitigation measures proposed; and,  

 
e. Projects generating 25 tons per year or more of combined ROG + NOx or PM10 emissions will 

need to implement all feasible measures from the list as well as off-site mitigation measures, 
depending on the nature and size of the project and the effectiveness of the onsite mitigation 
measures proposed.  

 

Table 3-4: Mitigation Threshold Guide 

Combined ROG+NOx or PM10 
Emissions (lbs/day) 

Mitigation Measures Recommended 

Residential, 
Commercial or 

Industrial 
Off-Site Mitigation 

< 25 None None 

25 – 29 8 * 

30 – 34 14 * 

35 – 50 18 * 

≥  50 All Feasible * 

≥ 25 ton/yr All Feasible Yes 

* Will be dependent on the effectiveness of the mitigation measures, location of project and high vehicle dependent 
development.  Examples of projects potentially subject to off-site mitigation include:  rural subdivisions, drive-through 
applications, commercial development located far from urban core. 

 
3.8.2 Standard Mitigation Measures 
 
The recommended standard air quality mitigation measures have been separated according to land use 
(i.e., residential, commercial and industrial), measure type (i.e., site design, energy efficiency and 
transportation) and pollutant reduced (i.e., ozone, particulate, diesel PM, and GHGs).  Any project 
generating 25 lbs/day or more of ROG + NOx or PM10 should select the applicable number of mitigation 
measure as outlined above from Table 3-5 to reduce the air quality impacts from the project below the 
significance thresholds.  This table also provides recommended mitigations for diesel PM and GHG 
emissions.  For projects that exceed the DPM threshold (i.e., 1.25 lbs/day) due to significant diesel 
vehicle activity (e.g., mining operations, distribution facilities, etc.), project emissions must be 
recalculated to demonstrate that the project emissions are below the APCD DPM threshold of significance 
when mitigation measures are included. 
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Table 3-5: Mitigation Measures 

LAND USE 

Residential (R) 
Commercial (C) 

Industrial (I) 

Measure Type MITIGATION MEASURE 

POLLUTANT 
REDUCED 

Ozone (O) 
Particulate (P) 

Diesel 
Particulate 

Matter (DPM) 
Greenhouse 
Gas (GHG) 

R, C, I 
Site design, 
Transportation 

Improve job / housing balance opportunities within 
communities. O, P, GHG 

R, C, I 
Site design Orient buildings toward streets with automobile parking in the 

rear to promote a pedestrian-friendly environment. O, P, GHG 

R, C, I 

Site design Provide a pedestrian-friendly and interconnected streetscape to 
make walking more convenient, comfortable and safe 
(including appropriate signalization and signage). O, P, GHG 

R, C, I 
Site design Provide good access to/from the development for pedestrians, 

bicyclists, and transit users. O, P, GHG 

R, C, I 
Site design Incorporate outdoor electrical outlets to encourage the use of 

electric appliances and tools. O, P, GHG 

R, C, I 

Site design Provide shade tree planting in parking lots to reduce 
evaporative emissions from parked vehicles.  Design should 
provide 50% tree coverage within 10 years of construction 
using low ROG emitting, low maintenance native drought 
resistant trees.3 O P GHG 

R, C, I Site design Pave and maintain the roads and parking areas P 

R, C, I 

Site design Driveway design standards (e.g., speed bumps, curved 
driveway) for self-enforcing of reduced speed limits for 
unpaved driveways. P 

R, C, I 

Site design Use of an APCD-approved suppressant on private unpaved 
roads leading to the site, unpaved driveways and parking 
areas; applied at a rate and frequency that ensures compliance 
with APCD Rule 401, visible emissions and ensures offsite 
nuisance impacts do not occur. P 

R, C 
Site design Development is within 1/4 mile of transit centers and transit 

corridors. O, P, GHG 

R, C 
Site design Design and build compact communities in the urban core to 

prevent sprawl. O, P, GHG 

R, C Site design Increase density within the urban core and urban reserve lines. O, P, GHG 

R, C 

Site design For projects adjacent to high-volume roadways or railroad 
idling zones, design project to include provide effective buffer 
zone between the source and the receptor. DPM 

R, C 
Site design For projects adjacent to high-volume roadways, plant 

vegetation4 between receptor and roadway. DPM, P 

R Site design No residential wood burning appliances. O, P, GHG 

R, C, I 

Site design, 
Transportation 

Incorporate traffic calming modifications to project roads, 
such as narrower streets, speed platforms, bulb-outs and 
intersection designs that reduce vehicles speeds and encourage 
pedestrian and bicycle travel. O, P, GHG 

R, C, I 
Site design, 
Transportation 

Increase number of connected bicycle routes/lanes in the 
vicinity of the project. O, P, GHG 

R, C, I 
Site design, 
Transportation 

Provide easements or land dedications and construct bikeways 
and pedestrian walkways. O, P, GHG 

R, C, I 
Site design, 
Transportation 

Link cul-de-sacs and dead-end streets to encourage pedestrian 
and bicycle travel to adjacent land uses. O, P, GHG 

R, C, I 

Site design,  
Transportation  

Project is located within one-half mile of a ‘Park and Ride’ lot 
or project installs a ‘Park and Ride’ lot with bike lockers in a 
location of need defined by SLOCOG. O, P, GHG 

C, I 
Site design, 
Transportation Provide onsite housing for employees. O, P, GHG 

                                                      
3 Trees must be maintained for life of project 
4 Certain types of vegetation provide maximum effectiveness.  Vegetation must be maintained over the life of the project. 
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LAND USE 

Residential (R) 
Commercial (C) 

Industrial (I) 

Measure Type MITIGATION MEASURE 

POLLUTANT 
REDUCED 

Ozone (O) 
Particulate (P) 

Diesel 
Particulate 

Matter (DPM) 
Greenhouse 
Gas (GHG) 

C, I 

Site design, 
Transportation 

Implement on-site circulation design elements in parking lots 
to reduce vehicle queuing and improve the pedestrian 
environment.  O, P, GHG 

C, I 
Site design, 
Transportation 

Provide employee lockers and showers.  One shower and 5 
lockers for every 25 employees are recommended. O, P, GHG 

C, I 
Site design, 
Transportation 

Parking space reduction to promote bicycle, walking and 
transit use. O, P, GHG 

R 

Site design Tract maps resulting in parcels of one-half acre or les shall 
orient at least 75% of all lot lines to create easy due south 
orientation of future structures. GHG 

R 

Site design Trusses for south-facing portions of roofs shall be designed to 
handle dead weight loads of standard solar-heated water and 
photovoltaic panels. Roof design shall include sufficient south-
facing roof surface, based on structures size and use, to 
accommodate adequate solar panels. For south facing roof 
pitches, the closest standard roof pitch to the ideal average 
solar exposure shall be used.  O, GHG 

R, C, I 

Energy 
efficiency 

Increase the building energy rating by 20% above Title 24 
requirements.  Measures used to reach the 20% rating cannot 
be double counted. O, GHG 

R, C, I 

Energy 
efficiency 

Plant drought tolerant, native shade trees along southern 
exposures of buildings to reduce energy used to cool buildings 
in summer.5 O, GHG 

R, C, I 

Energy 
efficiency 

Utilize green building materials (materials which are resource 
efficient, recycled, and sustainable) available locally if 
possible. O, DPM, GHG 

R, C, I 
Energy 
efficiency Install high efficiency heating and cooling systems. O GHG 

R, C, I 

Energy 
efficiency 

Orient 75 percent or more of homes and/or buildings to be 
aligned north / south to reduce energy used to cool buildings in 
summer. O GHG 

R, C, I 

Energy 
efficiency 

Design building to include roof overhangs that are sufficient to 
block the high summer sun, but not the lower winter sun, from 
penetrating south facing windows (passive solar design). O, GHG 

R, C, I 

Energy 
efficiency 

Utilize high efficiency gas or solar water heaters. O, P, GHG 

R, C, I 
Energy 
efficiency Utilize built-in energy efficient appliances (i.e. Energy Star®). O, P GHG 

R, C, I 
Energy 
efficiency Utilize double-paned windows. O, P, GHG 

R, C, I 
Energy 
efficiency Utilize low energy street lights (i.e. sodium). O, P, GHG 

R, C, I 
Energy 
efficiency Utilize energy efficient interior lighting. O, P, GHG 

R, C, I 
Energy 
efficiency Utilize low energy traffic signals (i.e. light emitting diode). O, P, GHG 

R, C, I 
Energy 
efficiency 

Install door sweeps and weather stripping (if more efficient 
doors and windows are not available). O, P, GHG 

R, C, I 
Energy 
efficiency Install energy-reducing programmable thermostats. O, P, GHG 

R, C, I 

Energy 
efficiency 

Participate in and implement available energy-efficient rebate 
programs including air conditioning, gas heating, refrigeration, 
and lighting programs. O, P, GHG 

                                                      
5 Trees must be maintained for the life of the project 



SLO County APCD CEQA Air Quality Handbook 2012 

 

3-19 

LAND USE 

Residential (R) 
Commercial (C) 

Industrial (I) 

Measure Type MITIGATION MEASURE 

POLLUTANT 
REDUCED 

Ozone (O) 
Particulate (P) 

Diesel 
Particulate 

Matter (DPM) 
Greenhouse 
Gas (GHG) 

R, C, I 

Energy 
efficiency 

Use roofing material with a solar reflectance values meeting 
the EPA/DOE Energy Star® rating to reduce summer cooling 
needs. O, P, GHG 

R, C, I 

Energy 
efficiency 

Utilize onsite renewable energy systems (e.g., solar, wind, 
geothermal, low-impact hydro, biomass and bio-gas). O, P, GHG 

R, C, I 

Energy 
efficiency 

Eliminate high water consumption landscape (e.g., plants and 
lawns) in residential design. Use native plants that do not 
require watering and are low ROG emitting. O, GHG 

R, C, I 

Energy 
efficiency Provide and require the use of battery powered or electric 

landscape maintenance equipment for new development. O, GHG 

C, I 
Energy 
efficiency 

Use clean engine technologies (e.g., alternative fuel, 
electrification) engines that are not subject to regulations. O, DPM, GHG 

R, C, I 

Transportation Provide and maintain a kiosk displaying transportation 
information in a prominent area accessible to employees and 
patrons. O, P, GHG 

R, C, I 
Transportation Develop recreational facility (e.g., parks, gym, pool, etc.) 

within one-quarter of a mile from site. O, P, GHG 

R, C, I 

Transportation If the project is located on an established transit route, provide 
improved public transit amenities (i.e., covered transit 
turnouts, direct pedestrian access, covered bench, smart 
signage, route information displays, lighting etc.). O, P, GHG 

R, C, I 

Transportation Project provides a display case or kiosk displaying 
transportation information in a prominent area accessible to 
employees or residents. O, P, GHG 

R, C, I Transportation Provide electrical charging station for electric vehicles. O, P, GHG 

R, C, I 
Transportation Provide neighborhood electric vehicles / car share program for 

the development. O, P, GHG 

R, C, I Transportation Provide bicycle-share program for development. O, P, GHG 

R, C, I 
Transportation Provide preferential parking / no parking fee for alternative 

fueled vehicles or vanpools. O, P, GHG 

R, C, I 
Transportation Provide bicycle lockers for existing ‘Park and Ride’ lots where 

absent or insufficient. O, P, GHG 

R C I 
Transportation Provide vanpool, shuttle, mini bus service (alternative fueled 

preferred). O, P, DPM, GHG 

C, I 
Transportation Provide secure on-site bicycle indoor storage, lockers, or 

racks.  O, P, GHG 

C, I Transportation For large developments, provide day care facility on site.  O, P, GHG 

C, I 

Transportation Provide on-site bicycle parking both short term (racks) and 
long term (lockers, or a locked room with standard racks and 
access limited to bicyclist only) to meet peak season maximum 
demand.  One bike rack space per 10 vehicle/employee space 
is recommended. O, P, GHG 

C, I Transportation On-site eating, refrigeration and food vending facilities O, P, GHG 

C, I 

Transportation Implement a Transportation Choice Program to reduce 
employee commute trips.  The applicant shall work with 
Rideshare for free consulting services on how to start and 
maintain a program.  O, P, GHG 

C, I 

Transportation Provide incentives (e.g., bus pass, “Lucky Bucks”, etc.) to 
employees to carpool/vanpool, take public transportation, 
telecommute, walk bike, etc. O, P, GHG 

C, I Transportation Implement compressed work schedules (i.e., 9–80s or 4–10s). O, P, GHG 

C, I Transportation Implement a telecommuting program. O, P, GHG 

C, I 
Transportation Implement a lunchtime shuttle to reduce single occupant 

vehicle trips. O, P, GHG 
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LAND USE 

Residential (R) 
Commercial (C) 

Industrial (I) 

Measure Type MITIGATION MEASURE 

POLLUTANT 
REDUCED 

Ozone (O) 
Particulate (P) 

Diesel 
Particulate 

Matter (DPM) 
Greenhouse 
Gas (GHG) 

C, I 

Transportation Include teleconferencing capabilities, such as web cams or 
satellite linkage, which will allow employees to attend 
meetings remotely without requiring them to travel out of the 
area. O, P, DPM, GHG 

C, I 

Transportation If the development is or contains a grocery store or large retail 
facility, provide customers home delivery service in clean 
fueled vehicles  O, P, DPM, GHG 

C, I 
Transportation At community event centers (i.e., amphitheaters, theaters, and 

stadiums) provide valet bicycle parking. O, P, GHG 

C, I 

Transportation 
Implement a “No Idling” program for heavy-duty diesel 
vehicles, which includes signage, citations, etc. DPM, GHG 

C, I  Transportation Develop satellite work sites. O, GHG 

C, I 

Transportation Require the installation of electrical hookups at loading docks 
and the connection of trucks equipped with electrical hookups 
to eliminate the need to operate diesel-powered TRUs at the 
loading docks. DPM, GHG 

C, I 

Transportation If not required by other regulations (ARB’s on-road or off-
road diesel), restrict operation to trucks with 2007 model year 
engines or newer trucks.  O, DPM, GHG 

C, I 

Transportation If not required by other regulations (ARB’s on-road or off-
road diesel), require or provide incentives to use diesel 
particulate filters for truck engines. DPM 

R 

Transportation Provide storage space in garage for bicycle and bicycle 
trailers, or covered racks / lockers to service the residential 
units.  O, P, GHG 

R 

Transportation 
Provide free-access telework terminals and/or wi-fi access in 
multi-family projects. O, P, GHG 

C 
Transportation Develop core commercial areas within 1/4 to 1/2 miles of 

residential housing or industrial areas. O, P, GHG 

 
3.8.3 Off-Site Mitigation 
 
Operational phase emissions from large development projects that cannot be adequately mitigated with 
on-site mitigation measures alone will require off-site mitigation in order to reduce air quality impacts to 
a level of insignificance if emissions cannot be adequately mitigated with on-site mitigation measures 
alone.  Whenever off-site mitigation measures are deemed necessary, it is important that the developer, 
lead agency and APCD work together to develop and implement the measures to ensure successful 
outcome.  This work should begin at least six months prior to issuance of occupancy permits for the 
project. 
 
The first step in determining whether off-site mitigation is required is to compare the estimated 
operational phase emissions to the APCD significance thresholds.  If the sum of ROG + NOx emissions 
exceeds 25 tons/year, off-site mitigation will be required.  Off-site mitigation may also be required for 
development projects were emissions exceed the 25 lb/day threshold.  Examples of projects potentially 
subject to off-site mitigation include rural subdivisions, drive-through facilities and commercial 
development located far from the urban core. 
 
If off-site mitigation is required, potential off-site mitigation measures may be proposed and implemented 
by the project proponent following APCD approval of the appropriateness and effectiveness of the 
proposed measure(s).  Alternatively, the project proponent can pay a mitigation fee based on the amount 
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of emission reductions needed to bring the project impacts below the applicable significance threshold.  
The APCD shall use these funds to implement a mitigation program to achieve the required reductions.  
The following outlines how to calculate the amount of off-site mitigation fees required for a given project: 
 
a. Calculate the operational phase emissions for the project using CALEEMOD, or an equivalent 

calculation tool approved by the APCD; include the emission reduction benefits of any onsite 
mitigation measures included in the project.  Any project emissions calculated to be above the 
APCD significance thresholds are defined as excess emissions and must be reduced below the 
emission thresholds by off-site mitigation. 

 
b. Project emissions above the lbs/day threshold must be converted to tons/year and divided by the 

daily-to-annual equity ratio value of 5.5 to obtain an equivalent tons/year value.   
 
c. The excess tons/year emissions are then multiplied by the project life (i.e., 50 years for residential 

projects and 25 years for commercial projects) and the most current cost-effectiveness6 value as 
approved for the Carl Moyer grant program.   

 
Off-site emission reductions can result from either stationary or mobile sources, but should relate to the 
on-site impacts from the project in order to provide proper "nexus" for the air quality mitigation.  For 
example, NOx emissions from increased vehicle trips from a large residential development could be 
reduced by funding the expansion of existing transit services in close proximity to the development 
project to reduce NOx emissions.  An off-site mitigation strategy should be developed and agreed upon by 
all parties prior to the start of construction. 
 
The off-site mitigation strategies include but are not limited to the list provided below: 
 

• Develop or improve park-and-ride lots; 

• Retrofit existing homes in the project area with APCD-approved natural gas combustion 
devices; 

• Retrofit existing homes in the project area with energy-efficient devices; 

• Retrofit existing businesses in the project area with energy-efficient devices; 

• Construct satellite worksites; 

• Fund a program to buy and scrap older, higher emission passenger and heavy-duty vehicles. 

• Replace/repower transit buses; 

• Replace/repower heavy-duty diesel school vehicles (i.e. bus, passenger or maintenance 
vehicles); 

• Fund an electric lawn and garden equipment exchange program; 

• Retrofit or repower heavy-duty construction equipment, or on-road vehicles; 

• Install bicycle racks on transit buses; 

• Purchase Verified Diesel Emission Control Strategies (VDECS) for local school buses, transit 
buses or construction fleets; 

• Install or contribute to funding alternative fueling infrastructure (i.e. fueling stations for CNG, 
LPG, conductive and inductive electric vehicle charging, etc.); 

• Fund expansion of existing transit services; 

• Fund public transit bus shelters; 

• Subsidize vanpool programs; 

• Subsidize transportation alternative incentive programs; 

• Contribute to funding of new bike lanes; 

• Install bicycle storage facilities; and, 

                                                      
6 Cost-effectiveness is a measure of the dollars needed to reduce a ton of emissions.  The cost-effectiveness used to calculate off-site 
mitigation is based on the Carl Moyer Grant Program and is updated on a periodic basis.  The Carl Moyer cost effectiveness value as 
of 2009 is $16,000 per ton.  There will be a 10% administration fee charged for grant administration. 
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• Provide assistance in the implementation of projects that are identified in city or county 
Bicycle Master Plans. 

 

3.9 EVALUATION OF PROJECT CHANGES  

 
If the scope or project description is modified after final project approval, the project will need to be re-
evaluated by the APCD to determine if additional air quality impacts will result from the proposed 
modifications.  If additional impacts are expected, the cumulative impacts from the total project must be 
evaluated. 
 
3.10 MITIGATION MONITORING 
 
In order to ensure the operational phase air quality mitigation measures and project revisions identified in 
the EIR or mitigated negative declarations are implemented, the APCD may conduct site visits to ensure 
that the mitigation measures are fully implemented.  The lead agency may also review project mitigation 
for consistency with project conditions. Beyond verifying mitigation implementation, this monitoring can 
result in compliance requirements if mitigation measures are not sufficiently being implemented.  
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4 TECHNICAL APPENDICES 

4.1 BUILDING PERMIT REQUIREMENTS FOR FACILITIES POTENTIALLY SUBJECT TO 
AIR DISTRICT PERMITS 

 
 
WHAT IS THE SAN LUIS OBISPO 
COUNTY AIR POLLUTION CONTROL 
DISTRICT? 

 
The San Luis Obispo County Air Pollution Control 
District (APCD) regulates stationary sources of air 
pollution such as factories, industrial sites, and 
gasoline stations.  APCD regulations apply to many 
manufacturing and industrial procedures as well as 
such things as evaporative compounds, gasoline, 
paint, odors, incineration, smoke and open burning. 
 
Government Code section 65850.2 identifies certain 
air pollution information that cities and counties are 
required to collect for new building and 
development projects.  Sections 42301.6 to 42301.9 
(AB 3205) of the California Health & Safety Code 
address the release of hazardous air contaminants 
near schools, and discuss requirements for air 
district permits for new or modified facilities. 
 
The following overview describes how the law may 
affect you. 
 

 
NEW BUILDING PERMIT  
REQUIREMENTS 

 
Under the law, final certificates of occupancy 
may not be issued unless certain requirements 
are met. One of the requirements is that all 
applicants must comply with APCD permit 
regulations, or make a showing to the APCD that 
the permit regulations do not apply to their 
particular project. 
 
A questionnaire will accompany all building permit 
application packets distributed by City and County 
Planning and Building Departments.  This 
questionnaire pertains to facility location and 
equipment, processes, and materials which may 
require an APCD permit  This questionnaire should 
be completed and returned to the Planning and 
Building Department for initial screening and 
processing.  If an APCD permit is required, and if 
air emissions occur within 1000 ft. of a school, 

focused notification of nearby residents and 
student’s parents may be required.  
 
All planning and building departments have a 
description of typical facility types, processes, and 
equipment that require an APCD Permit to Operate. 
The table at the back of the attached questionnaire 
provides a list of these facilities.  Operations which 
usually require an APCD Permit include: 

- Solvent cleaners (degreasers) 
- Coating of metal parts and products 
- Printing and coating operations 
- Auto body shops 
- Paint spray booths 
- Storage of organic liquids 
- Wood furniture and cabinet coating 
- Air pollution control equipment 
- Gasoline stations or any gasoline 

dispensing facility 
- Sandblasting 
- Equipment which handles asbestos, 

beryllium, benzene, hexavalent chromium, 
mercury, or vinyl chloride. 

- Other solvent uses 
 
It should be noted that all residential construction 

is exempt from these requirements. 
 
If you are unsure whether or not your project is 
subject to permit requirements, the necessary 
information can be obtained by contacting the 
APCD and describing the proposed project.  APCD 
staff can then determine if an application must be 
filed. 
 
 
REQUIREMENTS FOR EXISTING OR 
PROPOSED PROJECTS NEAR SCHOOLS  

 
Under the California Health and Safety Code, there 
are specific requirements which must be met by 
both the APCD and existing or proposed 
commercial or industrial facilities near a school. 
 
Upon receipt of the facility operations 
questionnaire, the APCD will evaluate it for 
equipment or processes requiring a permit and for 
proximity to sensitive receptors.  This initial 
screening will occur within fourteen (14) days of 
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receipt of the questionnaire.  The APCD will notify 
the applicant and the planning agency if further 
action is necessary under the law and/or the APCD 
permit process.  If no further action is required, then 
the APCD will sign off on the questionnaire and 
return it to the Planning Agency. If hazardous 
materials may be used at the facility, APCD will 
also forward it to the Environmental Health 
Department or, for projects located within the City 
of San Luis Obispo, the San Luis Obispo Fire 
Department.  If additional action is required under 
the law or the APCD permitting process, a 
description of required actions will be included in 
the letter sent to the planning department and the 
applicant.   
 

 
CONSTRUCTION OF NEW SCHOOLS 

 
For construction of new schools, any person or 
agency preparing an Environmental Impact 
Report for a proposed school site must consult 
with the city, county, and the APCD to identify 
facilities within one-quarter mile of the proposed 
school site which may emit hazardous air 
emissions, or have the potential to explode or 
catch fire.  The city, county, and APCD have 30 
days to provide this information to the person or 
agency seeking it.  This requirement is spelled out 
in the Public Resources Code Sec. 21151.8, 
Subd.(a) (4). 
 

 
FORESEEABLE THREAT OF RELEASE OF 
HAZARDOUS AIR CONTAMINANT 

 
Under certain conditions, the law requires the 
APCD to take action when there is a reasonable 
threat of release of a hazardous air contaminant.  
APCD action is required if: 
 
1. The release is predicted from a facility 

located within 1000 feet of a school; and 
    
2. The release has the potential to impact 

persons at the school to the extent that a 
public health threat or nuisance could 
result. 

 
When the release of a hazardous air contaminant is 
forecast, the APCD must notify the agency 
responsible for administering the hazardous 
materials policy.  In addition, the APCD may 
respond to this reasonable threat of release by: 

1. Issuing an immediate order to prevent the 
release; or,  

 
2. Mitigating the foreseeable threat of a 

release, pending a hearing; or, 
 
3. Applying to the APCD Hearing Board for 

issuance of an Order of Abatement. 
 
Furthermore, if the principal of a school contacts 
the APCD to request an investigation of odors or 
possible air pollution sources as the cause of illness 
among school children, within 24 hours the APCD 
must respond and notify the city or county official 
responsible for administering hazardous materials 
policy and the fire department having jurisdiction 
over the school. 
 

 
FOR HELP 

 
This handout provides answers to commonly asked 
questions about new building permit and occupancy 
requirements.  If you need additional information 
regarding these requirements, please call  
(805) 781- 5912. 
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FACILITY OPERATIONS QUESTIONNAIRE 

For the Incorporated and Unincorporated Areas of San Luis Obispo County 

State law (AB 3205) requires an applicant for a commercial/industrial development project, building permit or occupancy permit to provide 
information to the Air Pollution Control District (APCD) indicating whether hazardous materials or certain equipment or processes will be 
used in or at the facility.  Such uses may require a permit from the APCD and/or a Hazardous Materials Business Plan.  This law prohibits 
a City or County from issuing a final certificate of occupancy until the applicant or future building occupant has complied with the 
provisions of the law.  The law may also impose certain public noticing requirements for a facility that handles hazardous materials and is 
located within 1,000 feet of the outer boundary of a school (kindergarten through 12th grade).  Additional information explaining the 
requirements of this law is attached to this form. 

TO DETERMINE WHETHER YOUR BUSINESS IS SUBJECT TO THESE REQUIREMENTS, PLEASE COMPLETE THIS QUESTIONNAIRE: 

Business Name (Doing Business As): Contact Person:  Phone 

 (       )     

Mailing Address:       City    State    Zip 

 

Nearest Cross Streets: 

 
 
             YES NO 

1. WILL THE INTENDED OCCUPANT(S) INSTALL OR USE ANY PIECE OF EQUIPMENT  

 LISTED ON THE ATTACHED LIST?  (If YES forward to Air Pollution Control District.)    � � 

 
2. WILL THE INTENDED OCCUPANT(S) STORE, HANDLE OR USE ANY HAZARDOUS MATERIALS  

LISTED ON THE ATTACHED LIST?  (If YES forward to Air Pollution Control District.)   � � 

 
 

Briefly Describe Nature of the Intended Business Activity: 

 

 

Name of Owner or Authorized Agent:                                                                             Title: 

 

I declare under penalty of perjury that, to the best of my knowledge and belief, the responses 
made herein are true and correct: 

Agency Project ID Number: .                                                      

 
Signature of Owner or Authorized Agent: 
 
Signed:                                                               Date:     

 
Multiple or Unknown Occupants 
 

� Check if Applicable    

 
FOR PLANNING DEPARTMENT USE ONLY 
 
    YES NO    

Forwarded  to APCD for processing: � �  Planning Dept. Official _____________________________________ Date ____________ 
 
 
FOR APCD USE ONLY 

 
YES NO     FORWARDED TO:  YES NO 

APCD permit required  � �     ENV. HEALTH  � � 

Potential hazardous materials  � �     S.L.O. CITY FIRE  � � 

Within 1000’ of a school  � �      
Public notice required   � � 

 

 
PROCESSED AND RETURNED TO PLANNING DEPARTMENT BY: 
 
 
 
        
Air Pollution Control District Official                                            Date 
 

 
FINAL CHECK-OFF 
 
 
 
        
Planning Department Official                                                       Date 

 



SLO County APCD CEQA Air Quality Handbook 2012 

 

4-4 

 

PERMIT CATEGORIES 

 

Businesses with the following equipment, operations or materials will require clearance from the Air Pollution Control 
District before obtaining a Certificate of Occupancy.  Businesses which store, handle, or use hazardous materials will 
require clearance from the San Luis Obispo City Fire Department or San Luis Obispo County Environmental Health 
before obtaining a Certificate of Occupancy. 
 
CHEMICALS 
Ethylene Oxide Sterilizers 
Acid Chemical Milling 
Evaporators, Dryers, and Stills 
Processing Organic Materials 
Dry Chemical Mixing and storage 
 
COATINGS AND SURFACE 
PREPARATION 
Abrasive Blasting Equipment 
Coating and Painting (not house- 
   painting) 
Paint, Stain, and Ink Manufacturing 
Printers 
 
COMBUSTION  
Piston Internal Combustion Engines 
   (50 hp or larger) 
Incinerators and Crematories 
Boilers and Heaters (2 million BTU/hr 
or larger) 

ELECTRONICS 
Solder Levelers 
Wave Solder Machines 
Vapor Degreasers 
Fume Hood Scrubbers 
Electrolytic Plating 
Silicone Chip Manufacturing 
 
FOOD 
Smokehouses 
Feed and Grain Mills 
Coffee Roasters 
Bulk Flour and Grain Storage 
 
METALS 
Metal Melting Devices 
Hot Dip Galvanizing 
Cadmium or Chrome Plating 
Chromic Acid Anodizing 
 
PETROLEUM FUELS MARKETING 
Gasoline and Alcohol Bulk Plants 
   and Terminals 
Gasoline and Alcohol Fuel Dispensing 

ROCK AND MINERAL 
Hot Asphalt Batch Plants 
Sand, Rock, and Aggregate Plants 
Concrete Batch, Concrete Mixers, 
   and Silos 
Brick Manufacturing 
 
SOLVENT USE 
Vapor and Cold Degreasing 
Solvent and Extract Dryers 
Dry Cleaning 
 
OTHER 
Asphalt Roofing Tanks 
Aqueous Waste Neutralization 
Landfill Gas Flare or Recovery 

Systems 
Waste Disposal and Reclamation 
   Units 
Grinding Booths and Rooms 
Oil Field Exploration or Production 
Plastic/Fiberglass Manufacturing 
Soil Aeration/Reclamation 
Storage of Organic Liquids 
Powder Coating 
Fiberglass Chopper Guns 
Waste Water Treatment Works 
 

 
EXAMPLES OF HAZARDOUS 
MATERIALS 
 
Ammonia 
Acids and Bases 
Chlorine 
Compressed Gases 
Corrosives 
Cryogenic Fluids 
Explosives 
Fertilizers 
Flammable Liquids and Solids 
 

 
 
 
 
Gasoline 
Hazardous Material Mixtures 
Herbicides  
Industrial Cleaners 
Infectious/Biological Materials 
Oxidizing Materials 
Paint Thinners 
Paints 
Pesticides 
 

 
 
 
 
Petroleum Products 
Poisons 
Pyrophoric/Hypergolic Materials 
Radioactives 
Solvents 
Waste Oils 
Water Reactives 
Welding Gases 
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NOTE:  Other equipment not listed here that is capable of emitting air contaminants may require a San Luis Obispo County Air 
Pollution Control District Permit.  If there are any questions, contact the APCD at (805) 781-5912.  For information on 
Hazardous Materials located within the City of San Luis Obispo contact the San Luis Obispo Fire Department at  
(805) 781-7380.  All other areas contact County Environmental Health at (805) 781-5544. 
 
IF YOU INSTALL AND/OR OPERATE EQUIPMENT WITHOUT A REQUIRED PERMIT, YOU MAY BE SUBJECT 

TO LEGAL ACTION AND PENALTIES OF UP TO $50,000 PER DAY FOR EACH DAY OF VIOLATION 
 
 
  

TIMELINE AND IMPLEMENTATION PROCESS 
 
I. Outside Agency (Planning Department) Responsibilities  
 
A. Planning Department distributes Development Plan (DP) Application Packet to applicant.  This packet 

includes AB3205 information. 
 
B. Applicant completes the DP packet, and returns it to the Planning Department. 
 
C. Planning Department conducts initial screening of Hazardous Materials Questionnaire (hereafter referred 

to as the Questionnaire).  This screening consists of reviewing the Questionnaire for answers to the 
following questions: 

 
1. Will the intended occupant(s) install or use any of the equipment listed on attached list ("San Luis 

Obispo County APCD Permit Categories").   
 

2. Will the intended occupant store, handle, or use hazardous materials in any quantity? 
 
D. The Planning Department performs one of the following actions, based on the response to the questions 

listed in Section I.C. above: 
 

1. If the answers to Questions #1 and #2 are NO, then this project is exempt from AB3205 
requirements, and from APCD permitting action.  The Planning Department can sign off on the 
Questionnaire, indicating that the project is exempt from further action under AB3205.  This 
questionnaire is then retained as part of the project file maintained by the Planning Department.  

 
2. If the answer to either Question #1 or Question #2 is YES, the questionnaire is forwarded to the 

APCD for further review. 
 
II. APCD Responsibilities 
 
APCD reviews the Questionnaires received from the Planning Department.  Within 14 days, one of the following 
determinations will be made: 
 
A. If the answer to question 1 on the Facility Operations Questionnaire is NO and the APCD agrees, complete 

the appropriate boxes on the rest of the form and return to the Planning Department. 
 
B. If the answer to question 1 on the Facility Operations Questionnaire is NO but the APCD disagrees, 

continue to sections C and D below. 
 
C. APCD Permit Required/Exempt from AB3205 Requirements. 
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If the answer to Question #1 is YES, and the facility is not located within 1000 feet of a school, then the 
project is exempt from further processing under AB3205, but IS subject to APCD permitting requirements.  
As a result, the APCD will take the following actions: 

 
Within 7 days of receipt of the questionnaire from the Planning Department, the APCD will: 

 
- Review the Questionnaire to determine if the source stores, handles or uses hazardous materials  

(Question #2 on the form).  If the answer to that question is YES, then APCD completes the 
appropriate sections of the questionnaire and forwards it to either the City of San Luis Obispo Fire 
Department (if project is within the City limits), or Environmental Health (all other areas).  A memo to 
County Planning will be sent summarizing action taken.  

 
- If Hazardous Materials storage, usage or handling is not proposed on-site, APCD Planning Staff will 

indicate that on the questionnaire.  The "APCD Permit Required" box will be checked "YES", and the 
form returned to the Planning Department.  

 
The APCD Engineering Staff sends a letter to the project applicant indicating that this project IS subject to 
APCD permit.  Accompanying this letter will be an ATC (Authority to Construct) application, and other 
explanatory information. 
 
Upon receipt of an ATC application, the APCD has 30 days to determine if the application is complete.  A 
letter of completeness (or incompleteness) is sent to the applicant prior to the end of the 30-day period.  If 
the application is incomplete, the APCD will request additional information in the aforementioned letter.  If 
the application is complete, then the APCD will issue a completeness letter indicating that they have 180 
days to issue an ATC.    
 
After project construction is complete, the applicant must indicate in writing to the APCD that construction 
is complete.  A field inspection will then be conducted by APCD staff to determine compliance with 
applicable APCD Rules and Regulations.  Upon verification of compliance, a Permit-to-Operate (PTO) for 
the subject facility is issued by the APCD.  

 
D. APCD Permit Required/Subject to AB3205 Requirements 
 

If the answer to Questions #1 is YES, and the facility is within 1000 feet of a school, the proposed project 
will be subject to the APCD permitting process and AB3205 Public Noticing Requirements.  The APCD 
will perform the following actions: 
 
Within 7 days of receipt of the questionnaire from the Planning Department, the APCD will: 
 
- Review the Questionnaire to determine if the source stores, handles or uses hazardous materials  

(Question #2 on the form).  If the answer to that question is YES, then APCD completes the 
appropriate sections of the questionnaire and forwards it to either the City of San Luis Obispo Fire 
Department (if project is within the City limits), or Environmental Health (all other areas).  A memo to 
County Planning will be sent summarizing action taken.  

 
- If Hazardous Materials storage, usage, or handling is not proposed on-site, APCD Planning Staff will 

indicate as such on the questionnaire. 
 

The APCD Engineering Staff sends a letter to the project applicant indicating that this project IS subject to 
APCD permit and AB3205 Public Noticing requirements.  Accompanying this letter will be an ATC 
application, a description of public noticing requirements and other explanatory information. 

 
Upon receipt of an ATC application, the APCD has 30 days to determine if the application is complete.  A 
letter of completeness (or incompleteness) is sent to the applicant prior to the end of the 30-day period.  If 
the application is incomplete, the APCD will request additional information in the aforementioned letter.   
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When the APCD has deemed the ATC application complete, the applicant will then be required to comply 
with the public noticing requirements of the California Health and Safety Code, Section 42301.6.  
Compliance with the public noticing requirements must be demonstrated prior to APCD action on the ATC 
application.  These requirements are as follows: 
 
- The Air Pollution Control Officer (APCO) shall, at the expense of the permit applicant, distribute (or 

mail) a public notice to the parents or guardians of children enrolled in ANY school that is located 
within 1/4 mile of the proposed project site, and to each address within a 1000 ft. radius of the 
proposed source.  An assessor's parcel map will be used to determine the area encompassing addresses 
within the 1000 ft. radius of the proposed project. 

 
- The public noticing period extends for 30 days, and MUST begin at least 30 days prior to the APCD 

taking final action on the ATC application for the proposed project.  This notice may be combined with 
any other notice on the project or permit, which is required by law. The APCO shall review and 
consider all public comments received during the 30 days after the notice is distributed, and shall 
include written responses to the comments in the permit application file prior to taking final action on 
the application. 

 
State law requires the APCD to approve or deny the ATC within 180 days of the date on which the A/C 
application was deemed complete.  The public noticing period and the APCD response to public comments 
MUST occur within this time period.  The APCD cannot issue the ATC until public noticing requirements 
for AB3205 have been satisfied. 
 
After project construction is completed, the applicant must indicate in writing to the APCD that 
construction is complete.  A field inspection will then be conducted by APCD staff to determine 
compliance with applicable APCD Rules and Regulations.  Upon verification of compliance, a PTO or the 
subject facility is issued by the APCD. 
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4.2 ARB’S RECOMMENDATIONS ON SITING NEW SENSITIVE LAND USES 
7
 

 

Table 4-1: Siting New Sensitive Land Use 

Source Category Advisory Recommendations  

Freeways and high-
traffic roads 

� Avoid siting new sensitive land uses within 500 feet of a freeway, urban roads with 
100,000 vehicles/day, or rural roads with 50,000 vehicles per day.  

Distribution centers 

� Avoid siting new sensitive land uses within 1,000 feet of a distribution center (that accommodates 
more than 100 trucks per day, more than 40 trucks with operating transport refrigeration units 
(TRUs) per day, or where TRU unit operations exceed 300 hours per week). 

� Take into account the configuration of existing distribution centers and avoid locating residences 
and other new sensitive land uses near entry and exit points. 

Railyards 
� Avoid siting new sensitive land uses within 1,000 feet of a major service and maintenance rail yard.   
� Within one mile of a rail yard, consider possible siting limitations and mitigation approaches. 

Ports 
� Avoid siting of new sensitive land uses immediately downwind of ports in the most heavily 

impacted zones.  Consult the Air District or the ARB on the status of pending analyses of health 
risks. 

Refineries 
� Avoid siting new sensitive land uses immediately downwind of petroleum refineries.  Consult with 

local air districts and other local agencies to determine an appropriate separation. 

Chrome platers � Avoid siting new sensitive land uses within 1,000 feet of a chrome plater. 

Dry cleaners using 
perchloroethylene 

� Avoid siting new sensitive land uses within 300 feet of any dry cleaning operation.  For operations 
with two or more machines, provide 500 feet.  For operations with 3 or more machines, consult with 
the local air district. 

� Do not site new sensitive land uses in the same building with perchloroethylene 
� dry cleaning operations. 

Gasoline dispensing 
facilities 

� Avoid siting new sensitive land uses within 300 feet of a large gas station (defined as a facility with 
a throughput of 3.6 million gallons per year or greater).  A 50 foot separation is recommended for 
typical gas dispensing facilities. 

                                                      
7 

• These recommendations are advisory.  Land use agencies have to balance other considerations, including housing and transportation needs, 
economic development priorities, and other quality of life issues. 

• Recommendations are based primarily on data showing that the air pollution exposures addressed here (i.e., localized) can be reduced as much 
as 80% with the recommended separation. 

• The relative risk for these categories varies greatly.  To determine the actual risk near a particular facility, a site-specific analysis would be 
required.  Risk from diesel PM will decrease over time as cleaner technology phases in. 

• These recommendations are designed to fill a gap where information about existing facilities may not be readily available and are not designed 
to substitute for more specific information if it exists.  The recommended distances take into account other factors in addition to available 
health risk data (see individual category descriptions).  

• Site-specific project design improvements may help reduce air pollution exposures and should also be considered when siting new sensitive 
land uses.  

• This table does not imply that mixed residential and commercial development in general is incompatible.  Rather it focuses on known problems 
like dry cleaners using Perchloroethylene that can be addressed with reasonable preventative actions. 

• A summary of the basis for the distance recommendations can be found in the ARB Handbook. 
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4.3 APCD-APPROVED DUST SUPPRESSANTS 

 
The following list of dust control suppressants are approved by the SLO County APCD. The approved suppressants must be reapplied at a frequency that ensures that fugitive dust 
emissions are adequately controlled to below the 20% opacity limit identified in the APCD Rule 401 Visible Emissions and to ensure that dust is not emitted offsite. If fugitive dust 
is not adequately controlled, emissions could result in complaints and a violation of APCD Rule 402 Nuisance.  The APCD will consider products that are not listed on a case-by-
case bases; provide product specifics to APCD by contacting the APCD Planning Division at (805) 781-5912.  
 
Suppressants are often used in combination with other APCD recommended control methods to minimize fugitive dust emissions. Other methods include:  

1) Paving and then maintaining to applicable standards thus replacing need for suppressants and other control methods;  
2) Implementing and maintaining design standards to ensure vehicles speeds on unpaved areas are physically limited to a posted speed limit of 15 mph or less; and 
3) For special events, site parking areas in grass or low cut dense vegetative areas that are adequately irrigated to minimize fugitive dust emissions. 

 
SLO County APCD used a 2002 San Joaquin Valley APCD [1] list of dust suppressants as the starting point for the list presented below. Products that could not be readily found 
were removed from the list.  This SLO County APCD list also streamlines the SJVAPCD list by removing hygroscopic products and all but one of the petroleum based products 
from the SJVAPCD list.  A petroleum based method (chipseal) and three polymer products (Dust Binder, Gorilla-Snot, and Soiltac) were added to the list. 
 
Any chemical or organic material used for stabilizing solids shall not violate the California State Water Quality Control Board standards for use as a soil stabilizer.  Any dust 
suppressant must not be prohibited for use by the US Environmental Protection Agency, the California Air Resources Board, or other applicable law, rule, or regulation.   
 

 

Table 4-2: Approved Dust Suppressants 

Suppressant 
Category 

Suppressant 
Sub-Category Product Common Name Company Product Web Link 

Adhesives  

Lignosulfonate 

•  CalBinder California-Fresno Oil Co. (209) 486-0220 www.calfresno.com 

•  DC-22 

Dallas Roadway Products, Inc. 
SALS Roadway Products  (972) 758-7454 

www.dallasroadway.com 
www.salsroadproducts.com 

•  Dustac, Dustac-100 Georgia Pacific  (866) 447-2436, (800) 283-5547 www.gp.com/chemical 

•  Lignin LS-50™ Prince Minerals, Inc.  (646) 747-4200 www.princeminerals.com/products/dust_control.php 

•  Lignosulfonate EnviroTech Services   (800) 369-3878 www.envirotechservices.com 

•  Polybinder Jim Good Marketing (805) 746-3783 -  

Calcium 
Lignosulfonate 

•  Calcium Lignin LS-50™ Prince Minerals, Inc.  (646) 747-4200 www.princeminerals.com/products/dust_control.php 

•  Dustac® Road Binder  Quatsino Navigation Co. Ltd (916) 442-9089  http://www.bellmarine.com/Dustac.htm 

       

Petroleum 
Emulsions - 

•  PennzSuppress-D  [2] PennzSuppress® Dust Suppressant American  
Refining Group, Inc.  (814) 368-1200 www.arb.ca.gov/eqpr/pennzoil/pennzoil.htm 

          

Polymer - 
•  DC-1000 Desert Mountain (505) 598-5730 www.desertmtncorp.com 

•  Dust Binder Monterey AgResources  (559) 499-2100 www.montereyagresources.com 
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Suppressant 
Category 

Suppressant 
Sub-Category Product Common Name Company Product Web Link 

•  Earthbound, Earthbound L Earth Chem, Inc.  (800)  764-5726 www.earthchem.com 

•  Liquid Dust Control Enviroseal Corporation  (800) 775-9474 www.enviroseal.com/ldc.htm 

•  Marloc  Reclamare Co. (206) 824-2385 -  

•  PolyPavement   PolyPavement Company  (323) 954-2240 www.polypavement.com 

•  Soil Master WR  Environmental Soil Systems, Inc. (800) 368-4115 -  

•  Soil Seal  Trans Western Chemicals, Inc. (562) 942-1833 www.soilseal.com 

•  Soil Sement  [2] Midwest Industrial Supply, Inc. (800) 321-0699 www.arb.ca.gov/eqpr/midwest.htm 

•  Soiloc-D  Hercules Soiloc (800) 815-7668 -  

•  Soiltac or Gorilla-Snot  Soilworks, LLC (800) 545-5420 www.Soilworks.com 

•  TerraBond PolySeal  Fluid Sciences, LLC  (888) 356-7847 www.fluidsciences.com 

•  Top Shield  Base Seal International, Inc. (800) 729-6985 www.baseseal.com 

       

Oil-Rock 
Binding Agent - •  Chipseal  [3]  - -  
[1] Re: www.valleyair.org/busind/comply/PM10/Products%20Available%20for%20Controlling%20PM10%20Emissions.htm 
 
[2] "Pre-certified" by the California Air Resources Board; www.arb.ca.gov/eqpr/eqpr.htm 
 
[3] Though chipseal is typically used as a sealant for paved roads, it can also be an effective dust suppressant on unpaved private roads. Project proponents accept liability of potential vehicle or property damage associated 
with this dust control method. 
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4.4 SLO COUNTY NATURALLY OCCURRING ASBESTOS MAP 

 

Figure 4-1: Naturally Occurring Asbestos Zones 

An updated NOA map can
be located by clicking here.

https://www.google.com/fusiontables/embedviz?q=select+col2+from+10F_MB32n2w_l01FmGAWUStyGqbwZUR-OT8Vb8BV3&viz=MAP&h=false&lat=35.36498680536373&lng=-120.6753222207031&t=1&z=9&l=col2&y=2&tmplt=2&hml=KML
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4.5 CONSTRUCTION ACTIVITY MANAGEMENT PLAN GUIDELINES 

 
A Construction Activity Management Plan (CAMP) may be required by the Air Pollution Control District 
(APCD) for construction projects that will result in significant particulate matter (PM) and/or nitrogen oxide 
(NOx) emission impacts, such as potentially high emissions of fugitive dust or NOx, or emissions in areas where 
potential nuisance concerns are present.  The purpose of the CAMP is to specifically define the mitigation 
measures that will be employed as the project moves forward, in order to ensure all requirements are accounted 
for in the project budget, included in the contractor bid specifications, and are fully implemented throughout 
project construction. 
 
The following information is provided as a guide for development of the CAMP.  Specific implementation of 
mitigation measures will vary from project to project. The CAMP is a comprehensive mitigation plan and 
will need to specifically identify all of the mitigation measures to be implemented for the project.  The 
following is a list of potential mitigation measures to include in the CAMP.  The CAMP must be submitted to 
the APCD for approval prior to the start of the project. 
 
Prior to commencement of any construction activities (e.g., site preparation, grading or construction activities) 
the applicant will notify the appropriate planning agency and the APCD, by letter, of the status of the air quality 
measures outlined in the CAMP.  The letter will state the following: 1) the controls that will be implemented; 2) 
the reasons why any unimplemented measures are considered infeasible and the measures incorporated to 
substitute for these measures; 3) when scheduled construction activities will be initiated to allow for APCD 
inspection of the mitigation measures. 
 

• SENSITIVE RECEPTORS (NOx and PM) 
The proximity of the project to the nearest residence and to the nearest sensitive receptor (e.g. school, 
daycare, hospital or senior center) needs to be documented and the mitigation measures outlined in the 
CAMP need to be tailored accordingly to provide adequate protection to any nearby sensitive receptors.  
(e.g. of mitigation measures: Locate construction staging areas away from sensitive receptors such that 
exhaust and other construction emissions do not enter the fresh air intakes to buildings, air conditioners, and 
windows). 

 

• MITIGATION MONITORING (NOx and PM) 
A person or persons must be designated to monitor the CAMP implementation.  This person will be 
responsible for compliance with the CAMP.  Their duties shall include holidays and weekend periods when 
work may not be in progress.  Depending on the site location, a certified visible emissions monitor may be 
required.  The name and telephone number of such persons shall be provided to the APCD prior to the start 
of any construction activities. 

 

• DUST CONTROL (PM) 
Construction activities can generate fugitive dust, which could be a nuisance to local residents and 
businesses in close proximity to the proposed construction site.  Dust complaints could result in a violation 
of the APCD’s 402 "Nuisance" Rule.  The following is a list of measures that may be required throughout 
the duration of the construction activities: 
a. Reduce the amount of the disturbed area where possible. 
b. Use of water trucks or sprinkler systems in sufficient quantities to prevent airborne dust from leaving 

the site. An adequate water supply source must be identified.  Increased watering frequency would be 
required whenever wind speeds exceed 15 mph.  Reclaimed (non-potable) water should be used 
whenever possible.  

c. All dirt stockpile areas should be sprayed daily as needed, covered, or an APCD approved alternative 
method will be used. 

d. Permanent dust control measures identified in the approved project revegetation and landscape plans 
should be implemented as soon as possible following completion of any soil disturbing activities. 
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e. Exposed ground areas that will be reworked at dates greater than one month after initial grading should 
be sown with a fast-germinating non-invasive grass seed and watered until vegetation is established. 

f. All disturbed soil areas not subject to revegetation should be stabilized using approved chemical soil 
binders, jute netting, or other methods approved in advance by the APCD. 

g. All roadways, driveways, sidewalks, etc. to be paved should be completed as soon as possible.  In 
addition, building pads should be laid as soon as possible after grading unless seeding or soil binders are 
used. 

h. Vehicle speed for all construction vehicles shall not exceed 15 mph on any unpaved surface at the 
construction site. 

i. All trucks hauling dirt, sand, soil, or other loose materials are to be covered or should maintain at least 
two feet of freeboard (minimum vertical distance between top of load and top of trailer) in accordance 
with CVC Section 23114.  

j. Install wheel washers where vehicles enter and exit unpaved roads onto streets, or wash off trucks and 
equipment leaving the site.   

k. Sweep streets at the end of each day if visible soil material is carried onto adjacent paved roads.  Water 
sweepers with reclaimed water should be used where feasible. 

 
All PM10 mitigation measures required should be shown on grading and building plans.  In addition, the 
contractor or builder should designate a person or persons to monitor the dust control program and to order 
increased watering, as necessary, to prevent transport of dust offsite.  Their duties shall include holidays and 
weekend periods when work may not be in progress.  The name and telephone number of such persons shall 
be provided to the APCD prior to land use clearance for map recordation and finished grading of the 
area. 
 

• CONSTRUCTION PHASE GREENHOUSE GAS (GHG) EMISSION REDUCTIONS  
The Attorney General requires GHG impact evaluation and the implementation of feasible mitigation 
at the project level.  As such, the project's Mitigated Negative Declaration should evaluate the project's 
carbon dioxide (CO2) emissions as well as other GHG sources converted to carbon dioxide equivalents and 
should identify feasible mitigation that the project shall implement.  The project’s overall GHG impact 
evaluation should include: 
a. The short term GHG impacts from the construction phase amortized over the life of the project (50 

years for residential or residential support facilities and 25 years for commercial or industrial facilities) 
to provide a mechanism for the project to mitigate these impacts by adding these amortized impacts to 
the operational phase impacts; and 

b. The project's operational phase GHG impacts. 
 
For the construction phase (operational phase as well) feasible GHG mitigation measures to be 
implemented should be identified from the California Air Pollution Control Officer Association’s 
(CAPCOA) January 2008 published document entitled “CEQA and Climate Change” or from other 
proven energy efficiency measures.  The document is available online at:  
www.capcoa.org/CEQA/CAPCOA%20White%20Paper.pdf 
In some cases where the available measures are marginally effective, off-site GHG mitigation fees are 
appropriate. 
 

• CONSTRUCTION EQUIPMENT EMISSION REDUCTIONS (NOx and PM) 
To mitigate air quality impacts from the emissions of construction equipment engines, the APCD has project 
proponents apply various emission reduction methods depending on the magnitude of the project.  Below 
are the methods used: 
 
Standard Control Measures for Construction Equipment  
The standard mitigation measures for reducing nitrogen oxide (NOx), reactive organic gases (ROG), 
and diesel particulate matter (Diesel PM) emissions from construction equipment are listed below: 
(a) Maintain all construction equipment in proper tune according to manufacturer’s specifications; 
(b) Fuel all off-road and portable diesel powered equipment with ARB certified motor vehicle diesel fuel 

(non-taxed version suitable for use off-road); 
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(c) Use diesel construction equipment meeting ARB's Tier 2 certified engines or cleaner off-road heavy-
duty diesel engines, and comply with the State off-Road Regulation; 

(d) Use on-road heavy-duty trucks that meet the ARB’s 2007 or cleaner certification standard for on-road 
heavy-duty diesel engines, and comply with the State On-Road Regulation;  

(e) Construction or trucking companies with fleets that that do not have engines in their fleet that meet the 
engine standards identified in the above two measures (e.g. captive or NOx exempt area fleets) may be 
eligible by proving alternative compliance;  

(f) All on and off-road diesel equipment shall not idle for more than 5 minutes.  Signs shall be posted in the 
designated queuing areas and or job sites to remind drivers and operators of the 5 minute idling limit; 

(g) Diesel idling within 1,000 feet of sensitive receptors is not permitted; 
(h) Staging and queuing areas shall not be located within 1,000 feet of sensitive receptors;  
(i) Electrify equipment when feasible; 
(j) Substitute gasoline-powered in place of diesel-powered equipment, where feasible; and, 
(k) Use alternatively fueled construction equipment on-site where feasible, such as compressed natural gas 

(CNG), liquefied natural gas (LNG), propane or biodiesel. 
 
Best Available Control Technology (BACT) for Construction Equipment 
If the estimated construction phase ozone precursor emissions from the actual fleet for a given Phase 
are expected to exceed the APCD’s threshold of significances after the standard mitigation measures 
are factored into the estimation, then BACT needs to be implemented to further reduce these impacts. 
The BACT measures can include: 
- Further reducing emissions by expanding use of Tier 3 and Tier 4 off-road and 2010 on-road compliant 

engines; 
- Repowering equipment with the cleanest engines available; and 
- Installing California Verified Diesel Emission Control Strategies. These strategies are listed  at: 

http://www.arb.ca.gov/diesel/verdev/vt/cvt.htm  
- Implementing a design measure to minimize emissions from on and off-road equipment associated with 

the construction phase.  This measure should include but not be limited to the following elements: 

• Tabulation of on and off-road construction equipment (type, age, horse-power, engine model year 
and miles and/or hours of operation); 

• Calculate daily worst case emissions and the quarterly emissions that include the overlapping 
segments of  construction phases 

• Equipment Scheduling (NOx and PM) 
- Schedule activities to minimize the amount of large construction equipment operating 

simultaneously during any given time period; 
- Locate staging areas at least 1000 feet away from sensitive receptors; 
- Where feasible: 

• Limit the amount of cut and fill to 2,000 cubic yards per day; 

• Limit the length of the construction work-day period; and, 

• Phase construction activities. 
On-Road Truck Management (NOx and PM) 

• Schedule construction truck trips during non-peak hours to reduce peak hour emissions; 

• Locate staging areas at least 1000 feet away from sensitive receptors; 

• Proposed truck routes should be evaluated to define routing patterns with the least impact to 
residential communities and sensitive receptors and identify these receptors in the truck route 
map; 

• To the extent feasible, construction truck trips should be scheduled during non-peak hours to 
reduce peak hour emissions; and 

• Trucks and vehicles should be kept with the engine off when not in use, to reduce vehicle 
emissions. Signs shall be placed in queuing areas to remind drivers to limit idling to no longer 
than 5 minutes. 
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Offsite Mitigation for Construction Equipment 
If the estimated construction phase ozone precursor emissions from the actual fleet for a given Phase 
are expected to exceed the APCD’s 6 tons/quarter threshold of significance after the standard and 
BACT measures are factored into the estimation, then off-site mitigation is appropriate.  The current 
mitigation rate is $16,000 per ton of ozone precursor emission (NOx + ROG) over the APCD threshold 
evaluated over the length of the expected exceedance. The applicant may use these funds to implement 
APCD approved emission reduction projects near the project site or may pay that funding level plus a 15% 
administration fee to the APCD for the APCD to implement emission reduction projects in close proximity 
to the project.  The applicant shall provide this funding at least two (2) months prior to the start of the 
project to help facilitate emission offsets that are real-time as possible. 

 

• CONSTRUCTION WORKER TRIPS (NOx) 
Implement an APCD approved Trip Reduction Program to reduce construction worker commute trips, 
which includes carpool matching, vanpooling, transit use, etc.  Monitor worker use of alternative 
transportation throughout the project to ensure compliance. 

 

• COMPLAINT RESPONSE (NOx and PM) 
The CAMP should include a section that addresses complaints and complaint handling.  At a minimum this 
section shall include the following: 
- The person(s) responsible for addressing and resolving all complaints regarding the construction activity 

and their contact information is: 
▪ Name(s) 
▪ Company and Title(s) 
▪ Phone numbers and physical address. 

- A hotline telephone number shall be established and publicized to help facilitate rapid complaint 
identification and resolution.  In addition, Prop 65 notification with regard to  
toxic diesel emissions shall to be made. 

- An action plan section shall be outlined that includes additional measures or modifications  
to existing mitigation measures in the event of complaints. 

- All complaints shall be reported immediately to the APCD. 
 

• PERMITTING REQUIREMENTS 
Portable equipment, 50 horsepower (hp) or greater, used during construction activities may  
require California statewide portable equipment registration (issued by the California Air Resources Board) 
or an APCD permit. Operational sources may also require APCD permits.   
The following list is provided as a guide to equipment and operations that may have permitting 
requirements, but should not be viewed as exclusive.  For a more detailed listing, refer to  
page A-5 in the APCD's CEQA Handbook. 
- Power screens, conveyors, diesel engines, and/or crushers. 
- Portable generators 50 hp or greater 
- Chemical product processing and or manufacturing  
- Electrical generation plants or the use of standby generator 
- Food and beverage preparation (primarily coffee roasters) 
- Furniture and fixture products 
- Metal industries, fabrication 
- Small scale manufacturing 
- Auto and vehicle repair and painting facilities 
- Fuel dealers 
- Dry cleaning 
- Pipelines 
- Public utility facilities 
- Boilers 
- IC Engines 
- Sterilization units(s) using ethylene oxide and incinerator(s) 
- Cogeneration facilities 
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- Unconfined abrasive blasting operations 
- Concrete batch plants  
- Rock and pavement crushing 
- Tub grinders trommel screens 
To minimize potential delays, prior to the start of the project, please contact the APCD Engineering 
Division at (805) 781-5912 for specific information regarding permitting requirements. 

 

• SPECIAL CONDITIONS 
 

Naturally Occurring Asbestos 
If the project site is located in a candidate area for Naturally Occurring Asbestos (NOA), which has been 
identified as a toxic air contaminant by the California Air Resources Board (ARB) the following 
requirements apply. Under the ARB Air Toxics Control Measure (ATCM) for Construction, Grading, 
Quarrying, and Surface Mining Operations, prior to any construction activities at the site, the project 
proponent shall ensure that a geologic evaluation is conducted to determine if NOA is present within the 
area that will be disturbed.  If NOA is not present, an exemption request must be filed with the APCD.  If 
NOA is found at the site the applicant must comply with all requirements outlined in the Asbestos ATCM.  
This may include development of an Asbestos Dust Mitigation Plan and an Asbestos Health and Safety 
Program for approval by the APCD.  Please refer to the APCD web page at 
http://www.slocleanair.org/business/asbestos.asp for more information or contact the APCD Enforcement 
Division at (805) 781-5912. 
 
Demolition of Asbestos Containing Materials 
Demolition activities can have potential negative air quality impacts, including issues surrounding proper 
handling, demolition, and disposal of asbestos containing material (ACM). Asbestos containing materials 
could be encountered during demolition or remodeling of existing buildings. Asbestos can also be found in 
utility pipes/pipelines (transite pipes or insulation on pipes).  If utility pipelines are scheduled for removal or 
relocation; or building(s) are removed or renovated this project may be subject to various regulatory 
jurisdictions, including the requirements stipulated in the National Emission Standard for Hazardous Air 
Pollutants (40CFR61, Subpart M - asbestos NESHAP).  These requirements include but are not limited to: 
1) notification requirements to the APCD, 2) asbestos survey conducted by a Certified Asbestos Inspector, 
and, 3) applicable removal and disposal requirements of identified ACM.  Please contact the APCD 
Enforcement Division at (805) 781-5912 for further information. 

 
Lead During Demolition 
Demolition of structures coated with lead based paint is a concern for the APCD.  Improper demolition can 
result in the release of lead containing particles from the site.  Sandblasting or removal of paint by heating 
with a heat gun can result in significant emissions of lead.  Therefore, proper abatement of lead before 
demolition of these structures must be performed in order to prevent the release of lead from the site.  
Depending on removal method, an APCD permit may be required.  Contact the APCD Engineering Division 
at (805) 781-5912 for more information. Approval of a lead work plan by the APCD is required and must be 
submitted ten days prior to the start of the demolition. Contact the APCD Enforcement Division at (805) 
781-5912 for more information. For additional information regarding lead removal, please contact Cal-
OSHA at (805) 654-4581. 
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4.6 Qualified GHG Plan Level Guidance 
 
This guidance is intended to assist local governments in developing community scale Climate Action Plans. In 
drafting this guidance, the San Luis Obispo County Air Pollution Control District (APCD) has drawn from 
established methodologies and practices, rather than creating new protocols or quantification methods. This 
guidance should be interpreted as recommended approaches rather than a formal protocol. This guidance will be 
continually updated as new tools, methodologies and protocols are developed and refined. 
 
Any Climate Action Plan (CAP) that aims to support tiering of future development projects for purposes of 
CEQA review of GHG impacts must include these standard elements. 
 
a. A community-wide GHG emissions inventory and "business-as-usual" forecast of year 2020 

community-wide GHG emissions; 
b. GHG reduction targets consistent with AB 32; 
c. An analysis of local and state policies and actions that may impact GHG emissions within the 

jurisdiction; 
d. Quantification of GHG reduction measures demonstrating that, if fully implemented, the GHG 

reduction targets will be met; 
e. An implementation and monitoring strategy and timeline; 
f. An adequate environmental review of the proposed CAP. 
 
Early consultation with APCD staff is essential; the importance of communicating with District staff early in 
the climate planning process cannot be overemphasized. District staff is available to meet with local 
government planners, review methodologies, discuss approaches and any other issues throughout the process 
of preparing the CAP.  
 
An environmental document that relies on a greenhouse gas reduction plan for a cumulative impacts analysis 
must identify those requirements specified in the plan that apply to the project; if those requirements are not 
otherwise binding and enforceable, they must be incorporated as mitigation measures applicable to the project. 
If there is substantial evidence that the effects of a particular project may be cumulatively considerable, 
notwithstanding its compliance with the specified requirements in the plan for the reduction of greenhouse gas  
emissions, an EIR must be prepared for the project. 
 
Qualitative Requirements for Qualified GHG Reduction Strategies 
1) The GHG emissions inventory should be complete and comprehensive 

Any GHG emissions source addressed in this guidance should be included in the GHG inventory and 
forecast for the local CAP. If an emissions source is not included (for example, direct access electricity 
use or wastewater treatment), it should be clearly explained why that source was omitted. District staff 
will review this explanation as part of the evaluation of the CAP. 

2) Calculations and assumptions should be transparent 
It is important to emphasize that all methodologies and assumptions should be documented and 
explained within the CAP document. 

3) GHG reduction strategies should rely primarily on mandatory measures 
To date, most CAPs have emphasized voluntary GHG reduction measures over mandatory measures, 
indicated with language like "should promote," and "will encourage," etc. However, because 
implementation of voluntary measures cannot be guaranteed, their contribution to meeting the GHG 
reduction target is more speculative than that of mandatory measures. Problems that may result from 
over-reliance on voluntary measures include the following: 
 

•••• It could be very difficult for local jurisdictions to demonstrate that GHG reduction targets are 
being met through voluntary measures. 

•••• This, in turn, will make it difficult for a local government to determine if a project is complying 
with the adopted CAP in order to appropriately tier off of the CAP CEQA document. 

•••• If the local government cannot document that its CAP is on track to achieve the GHG reduction 
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target, then the CAP may cease to comply with the "qualified" criteria. In this case subsequent 
projects would not be eligible to benefit from the tiering provisions of CEQA. 

 
If voluntary measures are included in the CAP, distinctions should be drawn between those that are more 
or less likely to result in full implementation. For example, incentive-based programs (like AB 811 
programs) are usually more likely to achieve results than outreach-based programs. Some CAPs have 
taken a cautious approach and have not quantified GHG reductions from the latter type of measure, due 
to their highly speculative nature. The APCD recommends only mandatory measures and strong 
voluntary measures (such as incentive-based programs) be quantified as contributing toward the GHG 
reduction target. 
 

4) Build in a margin of safety 
Once the CAP enters the implementation phase it is possible that unforeseen issues or obstacles may 
arise that prevent full implementation of all CAP measures, or the emission reductions achieved for some 
measures may be less than anticipated. These risks may be heightened by unforeseen economic or 
political developments that adversely affect implementation of the measures. Therefore, APCD 
recommends the CAP build in a margin of safety to ensure it can continue to serve as a defensible 
"Qualified GHG Reduction Strategy." This can be accomplished by: 

• Including more GHG mitigation measures than needed to meet the GHG reduction target, 
thus creating a "buffer" against lower than anticipated results; 

• Emphasizing mandatory over voluntary measures; 

• Including contingency measures (with quantified emission reduction estimates) that can be 
activated to fill any gap needed to maintain the expected rate of progress toward achieving 
the emissions reduction target. 

 
5) Measures should address existing as well as new development 

The AB 32 target of reducing GHG emissions to 1990 levels by 2020 represents an initial step toward 
achieving the longer term goal of Executive Order S-3-05, which calls for reducing GHG emissions to 
80% below 1990 levels by 2050; this equates to less than 2 metric tons of GHGs per capita. Reducing 
GHG emissions from new development alone cannot provide sufficient GHG reductions to achieve this 
long-term target. Therefore, climate action plans should address energy use and emissions from 
existing development as well. In its review of climate action plans, the APCD recommends aggressive 
and innovative strategies to achieve emission reductions from existing as well as new development.  
 

6) Implementation and monitoring should be clearly defined 
The parameters for determining if the CAP is being fully implemented, and if development projects 
are consistent with the CAP, must be clearly laid out. If a local government plans to tier future 
projects off the environmental review performed on a CAP, the monitoring program should include 
the following elements: 

• Annual tracking/reporting on implementation of all CAP measures, including measures that 

address existing development. The phasing-in of mitigation measures should be addressed 
(i.e. — have all the measures that were to have been adopted or expanded in the past year 
actually been adopted/expanded?). 

• Annual reporting of how new development projects have been implementing CAP measures. 
Tracking individual project attributes and implementation of mitigation measures should be 
done on a project-by-project basis. This can be facilitated through the use of a compliance 
checklist for new development projects to demonstrate consistency with the plan (listing all 
mandatory and voluntary measures that apply to new development) and whether the project is 
implementing the measures; the District will request a copy of this checklist (or similar 
documentation) when reviewing projects for CEQA. 

• Annual review of the State's implementation of measures included in the CAP. Are state-
level policies achieving the reductions anticipated? 

• Periodic update of the GHG inventory. The APCD recommends updating the community-
wide GHG inventory at least once every 5 years. However, updating the inventory on a more 
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frequent basis may improve the ability to monitor progress toward achieving the GHG 
reduction target in the CAP. 

• Analysis of whether the CAP is still a "qualified" plan for CEQA purposes. The 
analysis should be based on level of implementation and effectiveness of 
measures. 
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4.7 Employees per 1000 sf, Based on Land Use 
 
 

Table 4-3: Employees Based on Land Use 

LAND USE 

Employees 
per 1000sf 

Automobile Care Center 2.47 

Bank (w/drive-through) 1.59 

City Park 0.23 

Convenience Market w/gas pumps 2.50 

Day-Care Center 1.01 

Elementary School 0.55 

Fast Food Restaurant w/drive-thru 6.22 

Fast Food Restaurant w/o drive-thru 1.74 

Gasoline/Service Station 2.22 

General Light Industry 1.54 

General Office Building 2.52 

Golf Course 2.96 

Government Office Building 3.63 

Hardware/Paint Store 1.56 

Health Club 2.47 

High Turnover (Sit Down Restaurant) 1.97 

Hospital 1.07 

Hotel 0.64 

Library 0.39 

Medical Office Building 3.33 

Motel 0.95 

Place of Worship 0.80 

Quality Restaurant 1.19 

Refrigerated Warehouse-No Rail 0.66 

Regional Shopping Center 1.39 

Strip Mall 2.39 

Unrefrigerated Warehouse-No Rail 0.84 

Employees Per 1000sf developed from the historical trend 
analysis based on historical permit data from SLOCOG for the 
years 2001 to 2010 
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Preface 
The draft of the Air Toxics Hot Spots Program Guidance Manual for Preparation of 
Health Risk Assessments (Guidance Manual) is a description of the algorithms, 
recommended exposure variates, cancer and noncancer health values, and the air 
modeling protocols needed to perform a health risk assessment (HRA) under the Air 
Toxics Hot Spots Information and Assessment Act of 1987(Health and Safety Code 
Section 44300 et seq., see Appendix B). The Children’s Environmental Health 
Protection Act of 1999 (Health and Safety Code Section 39606, also contained in 
Appendix B), which requires explicit consideration of infants and children in assessing 
risks from air toxics, necessitated revisions of the methods for both noncancer and 
cancer risk assessment, and of the exposure variates.  This draft version of the 
Guidance Manual updates the previous version (OEHHA, 2003), and reflects advances 
in the field of risk assessment along with explicit consideration of infants and children. 

The information presented in the draft manual is compiled from three technical support 
documents (TSDs) released by the Office of Environmental Health Hazard Assessment 
(OEHHA) for the Hot Spots Program. The three TSDs (which are also revised versions, 
replacing the original four Hot Spots TSDs adopted between 1999 and 2003) underwent 
public comment and peer review and were adopted for use in the Air Toxics Hot Spots 
program by the Director of OEHHA. The Technical Support Document for the 
Derivation of Noncancer Reference Exposure Levels (June, 2008) addressed the 
methodology for deriving acute, chronic and eight hour Reference Exposure Levels.  
The Technical Support Document for Cancer Potency Factors (May 2009) addresses 
the methodology for deriving cancer potency factors and adjusting cancer potency to 
account for the increased sensitivity of early-in-life exposure to carcinogens. The 
Technical Support Document for Exposure Assessment and Stochastic Analysis (June 
2012) presents the exposure model for the Hot Spots program and reviews the 
available literature on exposure and relevant fate and transport variates.  All three TSDs 
are available on OEHHA’s web site at: 
http://www.oehha.ca.gov/air/hot_spots/index.html. Excerpts of these three TSDs are 
presented in this document. There is relatively little new information in the Guidance 
Manual since the adoption of the TSDs. 

The draft Guidance Manual was released for public review.  Public comments were 
received and changes were made in response to some comments. Responses were 
developed to all public comments. Both the Guidance Manual and OEHHA's response 
to comments were then reviewed by the State's Scientific Review Panel on Toxic Air 
Contaminants (SRP), who previously reviewed the three TSDs upon which this 
guidance is based.  Following review by the SRP, OEHHA finalized this Guidance 
Manual. This Guidance Manual supersedes the risk assessment methods presented in 
the Air Toxics Hot Spots Program Guidance Manual for Preparation of Health Risk 
Assessments (OEHHA, 2003), which in turn replaced earlier guidance provided by the 
California Air Pollution Control Officer’s Association (CAPCOA, 1993). This manual 
updates health effects values, exposure pathway variates (e.g., breathing rates), and 
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continues to use a tiered approach for performing HRAs based on current science and 
policy assessment. The Technical Support Document for Cancer Potency Factors 
(OEHHA, 2009) recommends a tenfold early-in-life potency factor adjustment for the 
third trimester and ages zero to less than two, and a threefold adjustment factor for 
ages two to less than sixteen.  In addition, we recommend evaluating residency periods 
of nine, thirty and seventy years.  This means that exposure variates are needed for the 
third trimester, ages zero to less than two, ages two to less than nine, ages two to less 
than 16, ages 16 to less than 30, and ages 16 to 70. 

The tiered approach presented in this draft manual provides a risk assessor with 
flexibility and allows consideration of site-specific differences.  Furthermore, risk 
assessors can tailor the level of effort and refinement of an HRA by using the point-
estimate exposure variates or the stochastic treatment of distributions of exposure 
variates.  The four-tiered approach to risk assessment primarily applies to residential 
cancer risk assessment. Compared to the OEHHA 2003 document, the exposure 
pathways in the Guidance Manual remain the same. The exposure and risk algorithms 
are similar, but they have been revised to accept new data or variables that are used in 
the tiered risk assessment approach. 

The draft manual also contains example calculations and an outline for a modeling 
protocol and an HRA report.  A software program, the Hot Spots Analysis and Reporting 
Program (HARP), has been developed by the Air Resources Board in consultation with 
OEHHA and Air Pollution Control/Air Quality Management District representatives. The 
HARP software, which is being updated with the new exposure variates and health 
values, is the recommended model for calculating and presenting HRA results for the Hot 
Spots Program.  Information on obtaining the HARP software can be found on the ARB’s 
web site at www.arb.ca.gov under the Hot Spots Program. 

The intent of the Guidance Manual and the HARP software is to incorporate children’s 
health concerns, update risk assessment practices, and to provide consistent risk 
assessment procedures. The use of consistent risk assessment methods and report 
presentation has many benefits, such as expediting the preparation and review of HRAs, 
minimizing revision and resubmission of HRAs, allowing a format for facility comparisons, 
and cost-effective implementation of HRAs and the Hot Spots Program. Risk 
assessments prepared with this Guidance Manual may be used for permitting new or 
modified stationary sources, or public notification, and risk reduction requirements of the 
Hot Spots Program. The use of uniform procedures allows comparison of risks from 
different facilities and enables identification of facilities that are problematic from a public 
health perspective. OEHHA reviews the HRAs to insure they are adequate for decision 
making, but does not play a role in permitting decisions that may result from the HRAs. 
OEHHA will provide advice to the Districts when requested on any of the risk assessment 
methods or health values they have used. 
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1 - Introduction
 

1.1 Development of Guidelines 

The Air Toxics Hot Spots Information and Assessment Act is designed to provide 
information to state and local agencies and to the general public on the extent of 
airborne emissions from stationary sources and the potential public health impacts of 
those emissions. The Hot Spots Act requires that the Office of Environmental Health 
Hazard Assessment (OEHHA) develop risk assessment guidelines for the Hot Spots 
program (Health and Safety Code (HSC) Section 44360(b)(2)) (see Appendix B for the 
text of the HSC).  In addition, the Hot Spots Act specifically requires OEHHA to develop 
a “likelihood of risks” approach to health risk assessment.  In response, OEHHA 
developed a tiered approach to risk assessment where a point estimate approach is first 
employed.  If a more detailed analysis is needed, OEHHA has developed a stochastic, 
or probabilistic, approach using exposure factor distributions that can be applied in a 
stochastic estimate of the exposure. A detailed presentation of the tiered approach, risk 
assessment algorithms, selected exposure variates (e.g., breathing rate), and 
distributions with a literature review is presented in the Air Toxics Hot Spots Program 
Risk Assessment Guidelines; Technical Support Document for Exposure Assessment 
and Stochastic Analysis (OEHHA, 2012).  A summary of this information can be found 
in Chapter 5 of this document. 

The Technical Support Document for the Derivation of Noncancer Reference Exposure 
Levels (OEHHA, 2008) addresses dose response relationships for noncancer health 
effects and the methodology for deriving acute, chronic and 8-hour Reference Exposure 
Levels (RELs).  Currently there are 53 acute RELs, 82 chronic RELs, and 10 eight-hour 
RELs. Review and revision of RELs to take into account new information and sensitive 
subpopulations including infants and children is an ongoing process. All draft RELs for 
individual chemicals revised under the current noncancer methodology will undergo 
public comment and peer review, as mandated by the Hot Spots Act.  The Technical 
Support Document for Cancer Potency Factors (OEHHA, 2009) addresses the 
methodology for deriving cancer potency factors and adjusting cancer potency to 
account for the increased sensitivity to early-in-life exposure to carcinogens.  This 
document contains inhalation cancer potency factors and oral cancer potency factors for 
142 toxicants and toxicant compound classes developed by OEHHA or developed by 
other authoritative bodies and endorsed by OEHHA. The OEHHA website 
(www.oehha.ca.gov) should be consulted for the most current adopted chronic, acute 
and 8-hour RELs and cancer potency factors.  In addition, for a small subset of these 
substances that are subject to airborne deposition and hence human oral and dermal 
exposure, oral chronic RELs and oral cancer potency factors have been developed by 
OEHHA.  A summary of cancer and noncancer health effects values can be found in 
Appendix L and Chapters 6 and 7 of the Guidance Manual.  All three Technical Support 
Documents have undergone public and peer review and have been approved by the 
state’s Scientific Review Panel on Toxic Air Contaminants and adopted by OEHHA. 
The Guidance Manual is undergoing the same public and peer review process. 
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The Guidance Manual contains a description of the algorithms, recommended exposure 
variates, and cancer and noncancer health values, and modeling protocols needed to 
perform a Hot Spots risk assessment under the Hot Spots Act (see Appendix B).  The 
information for the Guidance Manual is taken from the three TSDs.  The Guidance 
Manual supersedes the risk assessment methods presented in the Air Toxics Hot Spots 
Program Guidance Manual for Preparation of Health Risk Assessments (OEHHA, 
2003).  

The Guidance Manual is intended to address health risks from airborne contaminants 
released by stationary sources. Some of the methodology used is common to other 
regulatory risk assessment applications, particularly for California programs.  However, if 
the reader needs to prepare a Health Risk Assessment (HRA) under another program, 
the HRA may need additional analyses. Therefore, appropriate California and federal 
agencies should be contacted.  For example, if a facility must comply with HRA 
requirements under the Resource Conservation and Recovery Act (RCRA) or the 
Comprehensive Environmental Response, Compensation and Liability Act (CERCLA), the 
California Department of Toxic Substances Control (DTSC) must be contacted to 
determine if an HRA written to comply with AB 2588 will also satisfy RCRA/CERCLA 
requirements. 

1.2 Use of the Guidance Manual 

The intent in developing this Guidance Manual is to provide HRA procedures for use in 
the Air Toxics Hot Spots Program or for the permitting of existing, new, or modified 
stationary sources. The Air Resources Board (ARB) website (www.arb.ca.gov) provides 
more information on the Hot Spots Program and risk management guidelines, including 
recommendations for permitting existing, new, or modified stationary sources. The use of 
consistent risk assessment procedures and report presentation allows comparison of one 
facility to another, expedites the review of HRAs by reviewing agencies, and minimizes 
revision and resubmission of HRAs. 

OEHHA recognizes that no one risk assessment procedure or set of exposure variates 
could perfectly address the many types of stationary facilities in diverse locations in 
California. Therefore a tiered risk assessment approach was developed to provide 
flexibility and allow consideration of site-specific differences. The tiered approach to risk 
assessment is discussed in detail in Chapter 8 of this Guidance. 

These guidelines should be used in conjunction with the emission data collected and 
reported pursuant to requirements of the ARB’s Emission Inventory Criteria and 
Guidelines Regulations (Title 17, California Code of Regulations, 
Sections 93300-93300.5), and the Emission Inventory Criteria and Guidelines Report for 
the Air Toxics “Hot Spots” Program (EICG Report), which is incorporated by reference 
therein (see ARB’s web site: http://www.arb.ca.gov/ab2588/2588guid.htm for the most 
current version, which was approved on August 27, 2007).  This regulation outlines 
requirements for the collection of emission data, based on an inventory plan, which must 
be approved by the Air Pollution Control or Air Quality Management District (District).  The 
emissions reported under this program are routine or predictable and include continuous 
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and intermittent releases and predictable process upsets or leaks. Emissions for 
unpredictable releases (e.g., accidental catastrophic releases) are not reported under this 
program. 

For landfill sites, these guidelines should be applied to the results of the landfill testing 
required under Health and Safety Code Section 41805.5 as well as to any emissions 
reported under the emission inventory requirements of the Air Toxics Hot Spots Act 
(e.g., from flares or other on-site equipment).  Districts should be consulted to determine 
the specific landfill testing data to be used. 

1.3 Who is Required to Conduct a Risk Assessment 

The Hot Spots Act requires that each local Air Pollution Control District or Air Quality 
Management District (hereinafter referred to as District) determine which facilities will 
prepare an HRA.  As defined under the Hot Spots Act, an HRA includes a comprehensive 
analysis of the dispersion of hazardous substances in the environment, their potential for 
human exposure, and a quantitative assessment of both individual and population-wide 
health risks associated with those levels of exposure. 

Districts are to determine which facilities will prepare an HRA based on a prioritization 
process outlined in the law.  The process by which Districts identify priority facilities for 
risk assessment involves consideration of potency, toxicity, quantity of emissions, and 
proximity to sensitive receptors such as hospitals, daycare centers, schools, work-sites, 
and residences. The District may also consider other factors that may contribute to an 
increased potential for significant risk to human receptors.  As part of this process 
Districts categorize facilities as high, intermediate, or low priority. The District 
prioritization process is described in the CAPCOA Air Toxics Hot Spots Program Facility 
Prioritization Guidelines, July 1990 (CAPCOA, 1990), although some Districts may have 
adopted their own method for prioritizing facilities for the purposes of AB2588, permitting, 
etc. Consult the District for updates to the Prioritization Guidelines.  See the Hot Spots 
Program on ARB’s web site at www.arb.ca.gov for more information on facility 
prioritization procedures. 

Facilities designated by a District as “high priority” are required to submit an HRA to the 
District within 150 days of designation.  Districts may grant a 30-day extension.  However, 
a District may require any facility to prepare and submit an HRA according to the District 
priorities established for purposes of the Hot Spots Act. 
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1.4	 The Hot Spots Analysis and Reporting Program (HARP) Software 

The ARB and the Districts have identified a critical need for software to assist with the 
programmatic aspects of the Hot Spots Program. HARP is computer software used by 
the ARB, OEHHA, Districts, and facility operators to promote statewide consistency, 
efficiency, and cost-effective implementation of HRAs and the Hot Spots Program. The 
HARP software package includes: 1) an Emissions Inventory Database Module, 2) an Air 
Dispersion Modeling Module, and 3) a Risk Analysis Module. The user-friendly 
Windows-based package provides for: 

1.	 Electronic implementation of the risk assessment methods presented in the 
OEHHA guidelines (Guidance Manual); 

2.	 Electronic data transfer from facilities and Districts; 
3.	 The production of reports; 
4.	 Facility prioritization; 
5.	 Air dispersion modeling (AERMOD) of multiple emission releases or facilities 

for cumulative impact evaluations; 
6.	 A summary report of acute, 8-hour, and chronic health hazard quotients or 

indices, and cancer risk at the point of maximum impact (PMI), maximally 
exposed individual resident (MEIR), maximally exposed individual worker 
(MEIW) and other receptors to be evaluated as needed; 

7.	 Mapping displays of facility property boundaries, risk isopleths, and elevation 
contours; 

8.	 The ability to display combined risk contours from multiple emission sources; 
9.	 Output of data for use in other “off-the-shelf” Geographic Information Systems 

(GIS) programs for additional types of analysis; and 
10.	 Census data for determining population-related health impacts showing the 

number of people exposed at various cancer risk levels and cancer burden. 

1.5	 Risk Assessment Review Process 

The Hot Spots Act risk assessments are reviewed by the local District and by OEHHA. 
The Districts focus their review on the emissions data and the air dispersion modeling. 
OEHHA provides comments on the HRA’s general concordance with the Guidelines 
Manual and the completeness of the reported health risks. The District, taking into 
account the comments of OEHHA, approves the HRA or returns it to the facility for 
revision and resubmission.  If the HRA is not revised and resubmitted by the facility 
within 60 days, the District may modify the HRA and approve it as modified.  Based on 
the approved HRA, the District determines if there is a significant health risk associated 
with emissions from the facility.  If the District determines that facility emissions pose a 
significant health risk, the facility operator provides notice to all exposed individuals 
regarding the results of the HRA and may be required to take steps to reduce emissions 
by implementing a risk reduction audit and plan.  Notification is to be made according to 
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procedures specified by the District.  Each District determines its own levels of 
significance for cancer and noncancer health effects for notification and risk reduction. 
See the Hot Spots Program on ARB’s web site at www.arb.ca.gov for more information 
on significance levels selected by each District. 

1.6 Uncertainty in Risk Assessment 

OEHHA has striven to use the best science available in developing these risk 
assessment guidelines.  However, there is a great deal of uncertainty associated with 
the process of risk assessment. The uncertainty arises from lack of data in many areas 
necessitating the use of assumptions. The assumptions used in these guidelines are 
designed to err on the side of health protection in order to avoid underestimation of risk 
to the public. Sources of uncertainty, which may overestimate or underestimate risk, 
include: 1) extrapolation of toxicity data in animals to humans, 2) uncertainty in the 
estimation of emissions, 3) uncertainty in the air dispersion models, and 4) uncertainty 
in the exposure estimates.  In addition to uncertainty, there is a natural range or 
variability in measured parameters defining the exposure scenario. Scientific studies 
with representative sampling and large enough sample sizes can characterize this 
variability. In the specific context of a Hot Spots risk assessment, the source of 
variability with the greatest quantitative impact is variation among the human population 
in such properties as height, weight, food consumption, breathing rates, and 
susceptibility to chemical toxicants. OEHHA captures at least some of the variability in 
exposure by developing data driven distributions of intake rates, where feasible, in the 
TSD for Exposure Assessment (OEHHA, 2012). 

Interactive effects of exposure to more than one carcinogen or toxicant are addressed in 
the risk assessment with default assumptions of additivity.  Cancer risks from all 
carcinogens addressed in the HRA are added. Similarly, non-cancer hazard quotients 
for substances impacting the same target organ/system are added to determine the 
hazard index (HI).  Although such effects of multiple chemicals are assumed to be 
additive by default, several examples of synergism (interactive effects greater than 
additive) are known.  For substances that act synergistically, the HRA could 
underestimate the risks.  Some substances may have antagonistic effects (lessen the 
toxic effects produced by another substance). For substances that act antagonistically, 
the HRA could overestimate the risks. 

Other sources of uncertainty, which may underestimate or overestimate risk, can be 
found in exposure estimates where little or no data are available (e.g., soil half-life and 
dermal penetration of some substances from a soil matrix). 

The differences among species and within human populations usually cannot be easily 
quantified and incorporated into risk assessments.  Factors including metabolism, target 
site sensitivity, diet, immunological responses, and genetics may influence the response 
to toxicants. The human population is much more diverse both genetically and 
culturally (e.g., lifestyle, diet) than inbred experimental animals.  The intraspecies 
variability among humans is expected to be much greater than in laboratory animals. 
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In most cases, cancer potency values have been estimated only for the single most 
affected tumor site. This represents a source of uncertainty in the cancer risk 
assessment. Adjustment for tumors at multiple sites induced by some carcinogens 
may result in a higher potency.  Some recent assessments of carcinogens include such 
adjustments. Other uncertainties arise 1) in the assumptions underlying the 
dose-response model used, and 2) in extrapolating from large experimental doses, 
where other toxic effects may compromise the assessment of carcinogenic potential, to 
usually much smaller environmental doses. 

When occupational epidemiological data are used to generate a carcinogenic potency 
or a health protective level for a non-carcinogen, less uncertainty is involved in the 
extrapolation from workplace exposures to environmental exposures. When using 
human data, no interspecies extrapolation is necessary eliminating a significant source 
of uncertainty.  However, children are a subpopulation with hematological, nervous, 
endocrine, and immune systems that are still developing and may be more sensitive to 
the effects of toxicants. The worker population and risk estimates based on 
occupational epidemiological data are more uncertain for children than adults. Current 
risk assessment guidelines include procedures designed to address the possibly greater 
sensitivity of infants and children, but there are only a few compounds for which these 
effects have actually been measured experimentally.  In most cases, the adjustment 
relies on default assumptions which may either underestimate or overestimate the true 
risks faced by infants and children exposed to toxic substances or carcinogens. 

Risk estimates generated by an HRA should not be interpreted as the expected rates of 
disease in the exposed population but rather as estimates of potential for disease, 
based on current knowledge and a number of assumptions. 

In the Hot Spots program, cancer risk is often expressed as the maximum number of 
new cases of cancer projected to occur in a population of one million people due to 
exposure to the cancer-causing substance over a 30-year residential period. However, 
there is uncertainty associated with the cancer risk estimate.  An individual’s risk of 
contracting cancer from exposure to facility emissions may be less or more than the risk 
calculated in the risk assessment. An individual’s risk not only depends on the 
individual’s exposure to a specific chemical but also on his or her genetic background, 
health, diet, lifestyle choices and other environmental and workplace exposures. 
OEHHA uses health-protective exposure assumptions to avoid underestimating risk. For 
example, the risk estimate for airborne exposure to chemical emissions uses the health-
protective assumption that the individual has a high breathing rate and exposure began 
early in life when cancer risk is highest. 

A Reference Exposure Level (REL) is the concentration level at or below which no 
adverse non-cancer health effects are anticipated for the specified exposure duration. 
RELs are based on the most sensitive, relevant, adverse health effect reported in the 
medical and toxicological literature. RELs are designed to protect the most sensitive 
individuals in the population by the inclusion of factors that account for uncertainties as 
well as individual differences in human susceptibility to chemical exposures. The 
factors used in the calculation of RELs are meant to err on the side of public health 
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protection in order to avoid underestimation of non-cancer hazards.  Exceeding the REL 
does not automatically indicate an adverse health impact.  However, increasing 
concentrations above the REL value increases the likelihood that the health effect will 
occur. 

Risk assessments under the Hot Spots program are often used to compare one source 
with another and to prioritize concerns. Consistent approaches to risk assessment are 
necessary to fulfill this function. 

1.7 Tiered Approach to Risk Assessment 

OEHHA developed a tiered approach to accommodate consideration of site-specific 
data that may be more appropriate for a given facility than the default variate. The first 
tier is the simplest point estimate approach to estimating exposure to facility emissions. 
Tier 1 is the first step in conducting a comprehensive risk assessment using algorithms 
and point estimates of input values described in the Technical Support Document for 
Exposure Assessment and Stochastic Analysis.  (OEHHA, 2012)  Each facility conducts 
a Tier 1 risk assessment to promote consistency across the state in facility risk 
assessments and facilitate comparisons across facilities. To be health-protective, high-
end estimates for the key intake exposure variates are used for the dominant exposure 
pathways. 

Tier 2 allows use of site-specific point estimates of exposure variates as long as these 
estimates can be justified.  For example, if there are data indicating that consumption of 
fish from an impacted body of water is lower than the OEHHA-recommended fish 
consumption rate, then the facility can use that data to generate a point estimate for 
sport-fish consumption from that body of water. The risk assessor must supply the data 
and methods used for the site-specific estimates, and the site-specific estimates must 
be reproducible and approved by both the District and OEHHA. 

Tier 3 risk assessment involves stochastic analysis of exposure using data-based 
distributions for the key exposure variates compiled in the OEHHA (2012) Technical 
Support Document. Since a stochastic approach to risk assessment provides more 
information about the range of risk estimates based on the range of exposures, Tier 3 
can serve as a useful supplement to the Tier 1 and 2 approaches. Variance 
propagation methods (e.g., Monte Carlo analysis) are used to derive a range of cancer 
risk estimates reflecting the known variability in the inputs. Finally, a Tier 4 approach 
would use distributions of exposure variates that may be more appropriate for a site, 
such as the distribution of fish consumption rates for a specific body of water impacted 
by a facility.  As in a Tier 2 approach, the risk assessment must supply the data and 
methods used for the site-specific distributions for exposure variates, and the site-
specific estimates must be justified to and reproducible by the Districts and OEHHA. 

1.8 References 

CAPCOA, 1990. CAPCOA Air Toxics Hot Spots Program Facility Prioritization 
Guidelines. California Air Pollution Control Officers Association, July 1990. 
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2 - Overview of Health Risk Assessment 
2.1 The Model for Risk Assessment 

The standard approach currently used for health risk assessment (HRA) was originally 
proposed by the National Academy of Sciences in the 1983 book: Risk Assessment in 
the Federal Government: Managing the Process (NAS, 1983) and was updated in the 
Academy’s 1994 book: Science and Judgment in Risk Assessment (NAS, 1994).  In 
2009 the National Academy published Science and Decisions: Advancing Risk 
Assessment (NAS, 2009), in which a number of recommendations are made on 
improving the risk assessment process and expanding it to include community concerns 
and cumulative risks. The four steps involved in the risk assessment process are 
1) hazard identification, 2) exposure assessment, 3) dose-response assessment, and 
4) risk characterization. These four steps are briefly discussed below. 

2.2 Hazard Identification 

For air toxics sources, hazard identification involves the pollutant(s) of concern emitted 
by a facility, and the types of adverse health effects associated with exposure to the 
chemical(s), including whether a pollutant is a potential human carcinogen or is 
associated with other types of adverse health effects. For the Air Toxics Hot Spots 
Program (Hot Spots), the emitted substances that are addressed in a risk assessment 
are found in the list of substances designated in the ARB’s Emission Inventory Criteria 
and Guidelines Regulations (Title 17, California Code of Regulations, Sections 93300-
93300.5), and the Emission Inventory Criteria and Guidelines Report (EICG Report), 
which is incorporated by reference therein (ARB, 2007). This list of substances is 
contained in Appendix A of this document and the EICG Report. The list of substances 
also identifies those substances that are considered human carcinogens or potential 
human carcinogens. 

2.3 Exposure Assessment 

The purpose of the exposure assessment is to estimate the extent of public exposure to 
emitted substances.  For the Hot spots program, in practice this means estimating 
exposures for those emitted substances for which potential cancer risk or noncancer 
health hazards for acute, repeated 8-hour, and chronic exposures will be evaluated. 
This involves emission quantification, modeling of environmental transport, evaluation of 
environmental fate, identification of exposure routes, identification of exposed 
populations, and estimation of short-term (e.g., 1-hour maximum), 8-hour average, and 
long-term (annual) exposure levels.  These activities are described in Chapters 4 and 5. 
Chapter 5 also discusses the tiered approach to risk assessment. 

The ARB’s Emission Inventory Criteria and Guidelines (EICG) Report provides 
assistance in determining those substances that must be evaluated in an HRA and the 
reporting requirements of facilities, while the Hot Spots Analysis and Reporting Program 
(HARP) software can be used to model ground level concentrations at specific off-site 
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locations resulting from facility emissions. The United States Environmental Protection 
Agency (U.S. EPA) has adopted the AERMOD air dispersion model into its list of 
regulatory approved models, in place of the previously used ISCST3 model.  AERMOD 
is a steady-state plume model that incorporates air dispersion based on planetary 
boundary layer turbulence structure and scaling concepts, including treatment of both 
surface and elevated sources, and both simple and complex terrain (U.S. EPA, 2009).  
The Air Resources Board recommends AERMOD for Hot Spots risk assessments. The 
AERMOD air modeling software will be incorporated into the HARP software, which 
allows the user to input all dispersion parameters directly into the program to generate 
air dispersion data. Alternatively, the air dispersion data may be generated separately 
from HARP using other air dispersion models, and then imported into HARP to generate 
risk estimates.  Data imported into HARP must already be in the format required by 
HARP. HARP has the flexibility to generate a summary of the risk data necessary for 
an HRA by either of the above approaches. 

Most of the toxicants assessed under the Hot Spots program are volatile organic 
compounds that remain as gases when emitted into the air. These chemicals are not 
subject to appreciable deposition to soil, surface waters, or plants.  Therefore, human 
exposure via ingestion or dermal exposure, at least at concentrations typically 
encountered in the ambient air, is not considered for volatile organic compounds in the 
Hot Spots risk assessments. While some models indicate potential for dermal exposure 
to certain volatile organic compounds, at this time, the Hot spots program does not 
consider this pathway. Significant exposure to volatile organic toxicants emitted into the 
air occurs through the inhalation pathway, and this pathway is the primary consideration 
in the Hot Spots risk assessments.  A small subset of Hot Spots substances consists of 
semi-volatile organic and metal toxicants emitted partially or totally as particles subject 
to deposition.  Ingestion and dermal pathways as well as the inhalation pathway must 
be evaluated for these chemicals.  A few of these semi-volatile organic and metal 
toxicants must also include the breast milk ingestion pathway.  Additional ingestion 
pathways may also need to be evaluated depending on the pathways of exposure for 
the specific receptor of interest. Table 5.1 in Chapter 5, Table 6.4 in Chapter 6, and 
Table 7.1 in Chapter 7 list the substances that must be evaluated for multipathway 
impacts.  HARP is designed to assess potential health impacts posed by substances 
that must be analyzed by a multipathway approach. 

2.4 Dose-Response Assessment 

Dose-response assessment is the process of characterizing the relationship between 
exposure to an agent and incidence of an adverse health effect in exposed populations. 
In quantitative carcinogenic risk assessment, the dose-response relationship is 
expressed in terms of a potency slope that is used to calculate the probability or risk of 
cancer associated with an estimated exposure.  Cancer potency factors are expressed 
as the 95th percent upper confidence limit of the slope of the dose response curve 
estimated assuming continuous lifetime exposure to a substance. Typically, potency 
factors are expressed as units of inverse dose (e.g., (mg/kg BW/day)-1) or inverse 

)-1concentration (e.g., (µg/m3 ). It is assumed in cancer risk assessments that risk is 
directly proportional to dose and that there is no threshold for carcinogenesis.  
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The Office of Environmental Health Hazard Assessment (OEHHA) has compiled cancer 
potency factors, which should be used in risk assessments for the Hot Spots program, 
in Table 7.1.  Cancer potency factors listed in Table 7.1 were derived either by the U.S. 
EPA or by OEHHA, underwent public and peer-review, and were adopted for use in the 
program.  Chapter 8 describes procedures for use of potency values in estimating 
excess cancer risk.  For a detailed description of cancer potency factors, refer to the 
Technical Support Document for Cancer Potency Factors (OEHHA, 2009). 

For noncarcinogenic effects, dose-response data developed from animal or human 
studies are used to develop acute, 8-hour, and chronic noncancer Reference Exposure 
Levels (RELs). The acute, 8-hour and chronic RELs are defined as the concentration at 
which no adverse noncancer health effects are anticipated even in sensitive members 
of the general population, with infrequent one hour exposures, repeated 8-hour 
exposures over a significant fraction of a lifetime, or continuous exposure over a 
significant fraction of a lifetime, respectively. The most sensitive health effect is chosen 
to develop the REL if the chemical affects multiple organ systems. Unlike cancer health 
effects, noncancer health effects are generally assumed to have thresholds for adverse 
effects.  In other words, injury from a pollutant will not occur until exposure to that 
pollutant has reached or exceeded a certain concentration (i.e., threshold) and/or dose. 
The acute, 8-hour, and chronic RELs are air concentrations intended to be below the 
threshold for health effects for the general population. 

The actual threshold for health effects in the general population is generally not known 
with any precision.  Uncertainty factors are applied to the Lowest Observed Adverse 
Effects Level (LOAEL) or No Observed Adverse Effects Level (NOAEL) or Benchmark 
Concentration values from animal or human studies to help ensure that the chronic, 
8-hour and acute REL values are below the threshold for human health for nearly all 
individuals.  This guidance manual provides the acute, 8-hour, and chronic Reference 
Exposure Levels in Tables 6.1 through 6.3. Some substances that pose a chronic or 
repeated 8-hour inhalation hazard may also present a chronic hazard via non-inhalation 
routes of exposure (e.g., ingestion of contaminated water, foods, or soils, and dermal 
absorption).  The oral RELs for these substances are presented in Table 6.4. The 
methodology and derivations for acute, 8-hour, and chronic, RELs are described in the 
Technical Support Document for the Derivation of Noncancer Reference Exposure 
Levels (OEHHA, 2008). 

2.5 Risk Characterization 

This is the final step of risk assessment. In this step, modeled concentrations and 
exposure information, which are determined through exposure assessment, are 
combined with potency factors and RELs that are developed through dose-response 
assessment. The use of cancer potency factors to assess total cancer risk and the use 
of the hazard index approach for evaluating the potential for noncarcinogenic health 
effects are described in Chapter 8.  Example calculations for determining (inhalation) 
cancer risk and noncancer acute, 8-hour, and chronic hazard quotients and hazard 
indices are presented in Appendix I.  Chapter 9 provides an outline that specifies the 
content and recommended format of HRA results. 
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Under the Hot Spots Act, health risk assessments are to quantify both individual and 
population-wide health impacts (Health and Safety Code, Section 44306) (Appendix B).  
The health risk assessments are facility specific and the calculated risk should be 
combined for all pollutants emitted by a single facility.  For example, cancer risk from 
multiple carcinogens is considered additive. For exposures to multiple non-carcinogen 
pollutants, a hazard index approach is applied for air contaminants affecting the same 
organ system. All substances emitted by the facility that are on the Hot Spots Act list of 
substances must be identified in the HRA, including those on the list that do not have a 
potency value or REL. 

For assessing risk, OEHHA has developed two methods for determining dose via 
inhalation, dermal absorption, and ingestion pathways.  These two methods, the point 
estimate approach and the stochastic exposure assessment approach, are described 
below and in Chapters 5 and 8.  Detailed presentations of these methods can be found 
in: Technical Support Document for Exposure Assessment and Stochastic Analysis 
(OEHHA, 2012). 

2.5.1 Point Estimate Approach 

OEHHA provides information in this document on average and high-end values for key 
exposure pathways (e.g., breathing rate for the inhalation exposure pathway).  The 
average and high-end of point estimates in this document are defined in terms of the 
probability distribution of values for that variate. The mean represents the average 
values for point estimates and the 95th percentiles represent the high-end point 
estimates from the distributions identified in OEHHA (2012).  Thus, within the limitations 
of the data, average and high-end point estimates are supported by the distribution. 

Tier 1 of the tiered approach to risk assessment, which is briefly discussed in Section 
2.5.3 and presented in more detail in Chapter 8, utilizes a combination of the average 
and high-end point estimates to more realistically estimate exposure in multipathway 
risk assessments. This method uses high-end exposure estimates for the pathways 
that are the main drivers of exposure and the average point estimate for the other 
non-driving exposure pathways.  This approach will lessen the issue of compounding 
high-end exposure estimates, while retaining a health-protective approach for the more 
important exposure pathways.  It is unlikely that an individual receptor would be on the 
high-end of exposure for all exposure pathways.  See Chapter 8 for detailed discussions 
of how this multipathway methodology is applied to cancer and noncancer calculations. 
The HARP software can perform this analysis (referred to as the derived approach in 
the HARP software). 

In addition to using an estimate of average and high-end consumption rates, cancer risk 
evaluations at individual receptors are presented for 9, 30, and 70-year exposure 
durations. The 9 and 30-year durations correspond to the average and high-end of 
residency time recommended by U.S. EPA (1997).  The California data presented in 
Appendix L of the Exposure TSD (OEHHA, 2012) are generally supportive of the 
nationwide data. The 9 and 70-year exposure durations present potential impacts over 
the range of residency periods, while the 30-year exposure duration is recommended 
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for use as the basis for estimating cancer risk at the MEIR in all HRAs.  Population-wide 
impacts should use the 70-year exposure duration. 

The parameters used for all exposure durations assume exposure begins in the last 
trimester of pregnancy and progresses through the exposure duration of interest 
(e.g., 9, 30, or 70 years).  These assumptions are thus protective of children.  Children 
have higher intake rates on a per kilogram body weight basis (e.g., they breathe, drink 
and eat more per kg body weight than adults) and thus receive a higher dose from 
contaminated media. See Chapter 5 for the point estimates that can be used to 
estimate impacts for children.  Chapters 5 and 8 discuss how to calculate cancer risk 
based on various exposure durations and point estimates. Appendix I contains an 
example calculation and Chapter 9 clarifies how to present the findings in an HRA. 

2.5.2 Stochastic Exposure Assessment 

OEHHA was directed under the Air Toxics “Hot Spots” program (SB 1731, Calderon, 
stat. 1992; Health and Safety Code Section 44360(b)(2)) to develop a “likelihood of risk” 
approach to risk assessment. To satisfy this requirement, OEHHA developed a 
stochastic approach to risk assessment that utilizes distributions for exposure variates 
such as breathing rate and water consumption rate rather than a single point estimate. 
The variability in exposure can be propagated through the risk assessment model using 
the distributions as input and a Monte Carlo or similar method. The result of such an 
analysis is a range of risks that at least partially characterizes variability in exposure. 

Distributions of key exposure variates that are presented in the Technical Support 
Document for Exposure Assessment and Stochastic Analysis (OEHHA, 2012) were 
taken from the literature, if adequate, or developed from raw data of original studies. 
Intake variates such as vegetable consumption are relatively data rich; for these 
variates reasonable probability distributions can be constructed.  However, the data 
necessary to characterize the variability in risk assessment variates are not always 
available. For example, for the fate and transport variates (e.g., fish bioaccumulation 
factors), there are only a few measurements for a given chemical available which 
precludes the adequate characterization of a probability distribution. We only 
developed distributions for those key exposure variates that were adequately 
characterized by data. Development of distributions is described in detail in the 
Technical Support Document for Exposure Assessment and Stochastic Analysis 
(OEHHA, 2012).  
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2.5.3 Tiered Approach to Risk Assessment 

OEHHA recommends using a tiered approach to risk assessment. Tier 1 is a standard 
point estimate approach using the recommended point estimates presented in this 
document. If site-specific information is available to modify some point estimates 
developed in the Technical Support Document for Exposure Assessment and 
Stochastic Analysis (OEHHA, 2012) and is more appropriate to use than the 
recommended point estimates in this document, then Tier 2 allows use of that 
site-specific information.  Site-specific information should be presented to the District 
before being used. The District may contact OEHHA for additional advice. Note that all 
non-default variates need to be adequately justified to OEHHA and the Districts to be 
used. In Tier 3, a stochastic approach to exposure assessment is used with the data 
distributions developed in the TSD (OEHHA, 2012) and presented in this document. 
Tier 4 is also a stochastic approach but allows for utilization of site-specific distributions, 
if they are justifiable (to OEHHA and the Districts) and more appropriate for the site 
under evaluation than those recommended in this document.  Persons preparing an 
HRA that has a Tier 2 through Tier 4 evaluation must also include the results of a Tier 1 
evaluation. Tier 1 evaluations are required for all HRAs prepared for the Hot Spots 
Program to promote consistency across the state for all facility risk assessments and 
allow comparisons across facilities. Chapter 8 provides a summary of the tiered 
approach and the TSD (OEHHA, 2012) discusses it in detail.  Chapter 9 provides an 
outline that specifies the content and recommended format of HRA results. 
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3 - Hazard Identification - Air Toxics Hot Spots Emissions 

3.1 The Air Toxics Hot Spots List of Substances and Emissions Inventory 

For air toxics sources, hazard identification involves identifying pollutants of concern 
and whether these pollutants are potential human carcinogens or associated with other 
types of adverse health effects.  For the Air Toxics Hot Spots (Hot Spots) Program, the 
emitted substances that are addressed in a health risk assessment (HRA) are found in 
the list of hazardous substances designated in the Air Resources Board’s (ARB’s) 
Emission Inventory Criteria and Guidelines Regulations (Title 17, California Code of 
Regulations, Sections 93300-93300.5), and the Emission Inventory Criteria and 
Guidelines Report (EICG Report), which is incorporated by reference therein (ARB, 
2007).  This list of substances is contained in both Appendix A of this document and the 
EICG Report.  The list of substances also identifies those substances that are 
considered human carcinogens or potential human carcinogens. 

The substances included on the Hot Spots Program list of substances are defined in the 
statute as those substances found on lists developed by the following sources: 

 International Agency for Research on Cancer (IARC); 
 U.S. Environmental Protection Agency (U.S. EPA); 
 U.S. National Toxicology Program (NTP); 
 ARB Toxic Air Contaminant Identification Program List; 
 Hazard Evaluation System and Information Service (HESIS) (State of 

California); 
 Proposition 65 (Safe Drinking Water and Toxic Enforcement Act of 1986) list 

of carcinogens and reproductive toxicants (State of California); 
 Any additional substance recognized by the State Board as presenting a 

chronic or acute threat to public health when present in the ambient air. 

All substances emitted by the facility that are on the Hot Spots Act list of substances 
must be identified in the HRA. 

The ARB EICG Report (ARB, 2007) specifies that each facility subject to the Hot Spots 
Act must submit an Emission Inventory Report to the local air pollution control or air 
quality management district. This Emission Inventory Report must identify and account 
for all listed substances used, manufactured, formulated, or released by the facility.  All 
routine, predictable releases must be reported. These inventory reports include the 
emission data necessary to estimate off-site levels of facility-released Hot Spots 
substances. These inventory reports will be discussed in further detail in Chapter 4. 
See Chapter 9 for an outline that specifies the content and recommended format for 
presenting the air dispersion modeling and HRA results. As presented in Appendix A, 
the EICG Report divides the list into three groups for reporting purposes. Potency or 
severity of toxic effects and potential for facility emission were considered in placing 
compounds into the three groups. 
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For the first group (listed in these guidelines in Appendix A-I), all emissions of these 
substances must be quantified in the HRA. For substances in the second group (listed 
in these guidelines in Appendix A-II), emissions are not quantified; however, facilities 
must report whether the substance is used, produced, or otherwise present on-site 
(i.e., these substances are simply listed in a table in the HRA).  Lastly, substances in 
the third group (Appendix A-III) also only need to be reported in a table in the HRA if 
they are manufactured by the reporting facility. 

Facilities that must comply with the Resource Conservation and Recovery Act and 
Comprehensive Environmental Response, Compensation and Liability Act 
(RCRA/CERCLA) requirements for risk assessment need to consult the California 
Department of Toxic Substances Control (DTSC) Remedial Project Manager to 
determine which substances must be evaluated in their risk assessment. Some 
RCRA/CERCLA facilities may emit substances which are not currently listed under the 
Hot Spots Program but which may require evaluation in a RCRA/CERCLA risk 
assessment. 

3.2 References 

ARB, 2007. Emission Inventory Criteria and Guidelines Regulations (Title 17, California 
Code of Regulations, Sections 93300-93300.5), and the Emission Inventory Criteria and 
Guidelines Report (EICG Report). 
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4 - Air Dispersion Modeling 

The information contained in this section is primarily an abbreviated version of the 
material found in Chapter 2 of the Air Toxics Hot Spots Risk Assessment Guidelines; 
Exposure Assessment and Stochastic Analysis Technical Support Document (OEHHA, 
2012).  Several references have been included in this section to indicate those areas 
that are covered in more detail in Chapter 2 of the Technical Support Document.  
However, some air dispersion concepts and procedures have been added to assist the 
reader in the health risk assessment (HRA) process.  In particular, a brief summary of 
the Hot Spots Analysis and Reporting Program (HARP) software applicability to air 
dispersion analysis has been included. The HARP software has been developed by the 
Air Resources Board (ARB), in consultation with OEHHA and Air Pollution Control or Air 
Quality Management District (District) representatives. The HARP software is the 
recommended model for calculating and presenting HRA results for the Air Toxics Hot 
Spots Program (Hot Spots).  Information on obtaining the HARP software can be found 
under the Hot Spots Program on the ARB’s web site at www.arb.ca.gov. See Chapter 9 
for an outline that specifies the content and recommended format for presenting the air 
dispersion modeling and HRA results. 

The U.S. EPA has adopted the AERMOD air dispersion model into their list of 
regulatory approved models, in place of the previously used ISCST3 model.  AERMOD 
is a steady-state plume model that incorporates air dispersion based on planetary 
boundary layer turbulence structure and scaling concepts, including treatment of both 
surface and elevated sources, and both simple and complex terrain (U.S. EPA, 2009).  
The Air Resources Board recommends AERMOD for Hot Spots risk assessments. 

4.1 Air Dispersion Modeling in Exposure Assessment: Overview 

Estimates of air concentrations of emitted toxicants in the surrounding community from 
a facility’s air emissions are needed in order to determine cancer and noncancer risks.  
One approach to determining the concentration of air pollutants emitted from the facility 
is to do air monitoring in the surrounding community.  However, there are a number of 
disadvantages to this approach. Ambient air monitoring is costly because good 
estimates of an annual average concentration typically require monitoring at least one 
day in six over a year.  Because it is costly, monitoring is usually limited to a select 
number of pollutants, and a limited number of sites. There can be significant risks from 
some chemicals at or even below the monitoring detection limit, which can add 
considerable uncertainty to risk estimates if many of the measurements are below or 
near the detection limit.  Monitoring measures not only facility emissions but also 
general ambient background as well.  It can be difficult and expensive to distinguish 
between the two using monitoring, particularly if general ambient background levels are 
high relative to the contribution of facility emissions. These limitations often make it 
impractical to use monitoring in a program such as the Air Toxics Hot Spots program 
with hundreds of facilities. 
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Air dispersion models have several advantages over monitoring.  Modeling can provide 
greater spatial detail and the costs are relatively cheap by comparison.  For example, 
dispersion models can estimate the pollutant concentration in air at many receptor 
locations (hundreds to thousands) and for a multitude of averaging periods.  Air 
dispersion models have been validated using air monitoring. 

There are, however, uncertainties associated with the typical usage of air dispersion 
modeling. The use of meteorological data from the nearest airport may not ideally be 
the best representation of localized conditions.  Gaussian plume air dispersion models 
ignore calm hours. This can bias model predictions towards underestimation. Some 
dispersion models offer limited chemical reactions within the algorithms; however, we 
generally assume the pollutant is inert for the near-field atmospheric travel time. This 
may bias estimated concentrations towards over-prediction for those pollutants that are 
highly reactive in the atmosphere.  Air dispersion model results are only as good as the 
emissions estimates and emissions estimates can be uncertain. However, on the 
whole, the advantages of air dispersion modeling for a program like the Air Toxics Hot 
Spots far outweigh the disadvantages. 

Professional judgment is required throughout the dispersion modeling process. The 
local air quality district has final authority on modeling protocols.  The following 
guidance is intended to assist in the understanding of dispersion modeling for risk 
assessments. 

Air dispersion modeling includes the following steps (see Figure 1): 

1.	 Create an emission inventory of the toxic releases (Section 4.2)

2.	 Identify the source types (Section 4.3)

3.	 Identify the terrain type and land use (Section 4.4)

4.	 Determine the detail needed for the analysis: screening or refined (Section 4.5)

5.	 Identify the population exposure (Section 4.6)

6.	 Identify the receptor network (Section 4.7)

7.	 Obtain meteorological data (for refined air dispersion modeling only) (Section 4.8)

8.	 Select an air dispersion model (Section 4.9)

9.	 Prepare a modeling protocol and submit to the local Air District (hereafter referred to
as “the District”) (Section 4.14)

10.Complete the air dispersion analysis

11. If necessary, redefine the receptor network and return to Step 10
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12.Complete the risk assessment

13. If necessary, refine the inputs and/or the model selection and return to Step 8

14.Present the HRA results (Chapter 9 provides an outline that specifies the content
and recommended format of HRA results).

The output of the air dispersion modeling analysis includes a receptor field of ground 
level concentrations of the pollutant in ambient air. These concentrations can be used 
to estimate an inhaled or ingested dose for the estimation of multipathway cancer risk, 
or used to determine a hazard index for acute (inhalation), and chronic noncancer 
multipathway risks.  It should be noted that in the Air Toxics “Hot Spots” program, 
facilities simulate the dispersion of the chemical emitted as an inert compound, and do 
not model any atmospheric transformations or dispersion of products from such 
reactions. The U.S. EPA Guideline on Air Quality Models (U.S. EPA, 2005) should be 
consulted when evaluating reactive pollutants for other regulatory purposes. 
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Figure 1 Overview of the Air Dispersion Modeling Process. 

1. Create the Emissions Inventory (Section 4.2)

2. Identify the Source Types (Section 4.3)

3. Identify the Terrain Type (Section 4.4)

4. Determine Level of Detail for Analysis:  Screening or Refined (Section 4.5)

5. Identify  Population Exposure (Section 4.6)

6. Identify Receptor Network (Section 4.7)

7. Obtain Meteorological Data (Section 4.8)*

8. Select an Air Dispersion Model (Section 4.9)

9. Prepare Modeling Protocol and Submit to District (Chapter 9)**

10. Complete Air Dispersion Modeling

Obtain Concentration Field

12. Estimate Health Risks

13. If Necessary, Refine Inputs for Analysis

14. Prepare HRA Report and Submit to District (Chapter 9)

11. If Necessary, Change Level
of Detail for Analysis

Reference Exposure Levels
Cancer Potency Factors
Other Survey data

* Some screening models do not require any meteorological data.
** Optional but strongly recommended.
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4.2 Emission Inventories 

The Emission Inventory Reports (Inventory Reports) developed under the Hot Spots 
Program provide data to be used in the HRA and in the air dispersion modeling process. 
The Inventory Reports contain information regarding emission sources, emitted 
substances, emission rates, emission factors, process rates, and release parameters 
(area and volume sources may require additional release data beyond that generally 
available in Emissions Inventory reports). This information is developed according to 
the ARB’s Emission Inventory Criteria and Guidelines Regulations (Title 17, California 
Code of Regulations, Sections 93300-93300.5), and the Emission Inventory Criteria and 
Guidelines Report (EICG Report), which is incorporated by reference therein 
(ARB, 2007). 

Updated emission data for process changes, emission factor changes, material/fuel 
changes, or shutdown must be approved by the District prior to the submittal of the 
health risk assessment (HRA).  Ideally, the District review of updated emissions could 
be completed within the modeling protocol. In addition, it must be stated clearly in the 
risk assessment if the emission estimates are based on updated or revised emissions 
(e.g., emission reductions). This section summarizes the requirements that apply to the 
emission data which are used for Air Toxics “Hot Spots” Act risk assessments. 

4.2.1 Air Toxics Hot Spots Emissions 

As noted in Chapter 3, Hazard Identification, the HRA should identify all substances 
emitted by the facility, which are on the Hot Spots Act list of substances (see Appendix 
A of the Guidance Manual or the EICG Report).  The EICG Report specifies that 
Inventory Reports must identify and account for all listed substances used, 
manufactured, formulated, or released by the facility.  All routine, predictable releases 
must be reported. Under the regulations, the list is divided into three groups for 
reporting purposes. The first group (listed in Appendix A-I of the Inventory Guidelines 
Report) has all pollutants whose emissions must be quantified. The second group 
(listed in Appendix A-II of the Inventory Guidelines Report) includes substances where 
emissions do not need to be quantified; however, facilities must report whether the 
substance is used, produced, or otherwise present on-site. The third group (listed in 
Appendix A-III of the Emissions Inventory Guidelines Report) includes substances 
whose emissions need not be reported unless the substance is manufactured by the 
facility.  Chemicals or substances in the second and third groups should be listed in a 
table in the risk assessment. 

Facilities that must comply with the Resource Conservation and Recovery Act and 
Comprehensive Environmental Response, Compensation and Liability Act 
(RCRA/CERCLA) requirements for risk assessment need to consult the Department of 
Toxic Substances Control (DTSC) Remedial Project Manager to determine which 
substances must be evaluated in their risk assessment in addition to the list of “Hot 
Spots” chemicals. Some RCRA/CERCLA facilities may emit chemicals that are not 
currently listed under the “Hot Spots” Program. Chapter 9 provides an outline that 
specifies the content and recommended format of HRA results. 
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4.2.1.1 Emission Estimates Used in the Risk Assessment 

The HRA must include emission estimates for all substances that are required to be 
quantified in the facility’s emission inventory report.  Specifically, HRAs should include 
both annual average emissions and maximum 1-hour emissions for each pollutant. 
Maximum 1-hour emissions are used for acute noncancer health impacts while annual 
emissions are used for chronic exposures (i.e., chronic and 8-hour noncancer health 
impacts or cancer risk assessment). 

Emissions for each substance must be reported for individual emitting processes 
associated with unique devices within a facility.  Total facility emissions for an individual 
air contaminant will be the sum of emissions, reported by process, for that facility. 
Information on daily and annual hours of operation, and relative monthly activity, must 
be reported for each emitting process.  Devices and emitting processes must be clearly 
identified and described and must be consistent with those reported in the emissions 
inventory report. 

The HRA should include tables that present the emission information (i.e., emission 
rates for each substance released from each process) in a clear and concise manner.  
The District may allow the facility operator to base the HRA on more current emission 
estimates than those presented in the previously submitted emission inventory report 
(i.e., actual enforceable emission reductions realized by the time the HRA is submitted 
to the District).  If the District allows the use of more current emission estimates, the 
District must review and approve the new emissions estimates prior to use in the HRA. 
The HRA report must clearly state what emissions are being used and when any 
reductions became effective.  Specifically, a table presenting emission estimates 
included in the previously submitted emission inventory report as well as those used for 
the HRA should be presented. The District should be consulted concerning the specific 
format for presenting the emission information.  Chapter 9 provides an outline that 
specifies the content and recommended format of HRA results. A revised emission 
inventory report must be submitted to the District prior to submitting the HRA and 
forwarded by the District to the ARB, if revised emission data are used. 

4.2.1.1.1 Molecular Weight Adjustments for the Emissions of Metal Compounds 

For most of the Hot Spots toxic metals, the OEHHA cancer potency factors, acute and 
chronic RELs apply to the weight of the toxic metal atom contained in the overall 
compound.  Some of the Hot Spots compounds contain various elements along with the 
toxic metal atom (e.g., “Nickel hydroxide”, CAS number 12054-48-7, has a formula of 
H2NiO2). Therefore, an adjustment to the reported pounds of the overall compound is 
needed before applying the OEHHA cancer potency factor for “Nickel and compounds” 
to such a compound. This ensures that the cancer potency factor, acute or chronic REL 
is applied only to the fraction of the overall weight of the emissions that are associated 
with health effects of the metal.  In other cases, the Hot Spots metals are already 
reported as the metal atom equivalent (e.g., CAS 7440-02-0, “Nickel”), and these cases 
do not use any further molecular weight adjustment.  (Refer to Note [7] in Appendix A, 
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List of Substances in the EICG Report for further information on how the emissions of 
various Hot Spots metal compounds are reported.) 

The appropriate molecular weight adjustment factors (MWAF) to be used along with the 
OEHHA cancer potency factors, acute and chronic RELs for Hot Spots metals can be 
found in the MWAF column1 of the table containing OEHHA/ARB Approved Health 
Values for use in Hot Spots Facility Risk Assessments that is in Appendix L of this 
document. 

As an example, the compound “Nickel hydroxide” has a molecular formula of H2NiO2. 
The atomic weight of each of the elements in this compound, and the fraction they 
represent of the total weight, are therefore as follows: 

Element Number 
of 

atoms 

Atomic 
Weight 

Fraction of Total Weight = 
MWAF 

1 x Nickel (Ni) 1 x 58.70 
58.70 / 92.714 = 0.6332 
(MWAF for Nickel) 

2 x Oxygen (O) 2 x 15.999 

2 x Hydrogen (H) 2 x 1.008 

Total Molecular Weight of H2NiO2: 92.714 

So, for example, assume that 100 pounds of “Nickel hydroxide” emissions are reported 
under CAS number 12054-48-7. To get the Nickel atom equivalent of these emissions, 
multiply by the listed MWAF (0.6332) for Nickel hydroxide: 

 100 pounds x 0.6332 = 63.32 pounds of Nickel atom equivalent.

This step should be completed prior to applying the OEHHA cancer potency factor for 
“Nickel and compounds” in a calculation for a prioritization score or risk assessment 
calculation. (Note - The HARP software automatically applies the appropriate MWAF 
for each Hot Spots chemical (by CAS number), so the emissions should not be 
manually adjusted when using HARP.  Therefore, if using HARP, you would use 100 
pounds for Nickel hydroxide and HARP will make the MWAF adjustment for you. If not 
using HARP, you would use 63.32 pounds.) 

1 The value listed in the MWAF column for Asbestos is not a molecular weight adjustment.  This is a 
conversion factor for adjusting mass and fibers or structures.  See Appendix C for more information on 
Asbestos reporting and risk assessment information or see the EICG report for reporting guidance. 
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4.2.1.2 Release Parameters 

Emission release parameters (e.g., stack height and inside diameter, stack gas exit 
velocity, release temperature and emission source location in UTM coordinates) are 
needed as inputs to the air dispersion model. The Inventory Guidelines specify the 
release parameters that must be reported for each stack, vent, ducted building, exhaust 
site, or other site of exhaust release. Additional information may be required to 
characterize releases from non-stack (volume and area) sources; see U.S. EPA 
dispersion modeling guidelines or specific user's manuals. This information should also 
be included in the air dispersion section of the risk assessment. This information must 
be presented in tables included in the risk assessment.  Note that some dimensional 
units needed for the dispersion model may require conversion from the units reported in 
the Inventory Report (e.g., Kelvin (K) vs. degrees Fahrenheit (°F)). Chapter 9 provides 
an outline that specifies the content and recommended format of HRA results. 

4.2.1.3 Operation Schedule 

The HRA should include a discussion of the facility operation schedule and daily 
emission patterns. For AB2588 purposes, emissions should be reported based on 
routine and predictable operations. Weekly or seasonal emission patterns may vary 
and should be discussed. This is especially important in a refined HRA. Diurnal 
emission patterns should be simulated in the air dispersion model because of diurnal 
nature of meteorological observations. Diurnal evaluations are important to include 
since diurnal weather patterns and emission releases may cause significant differences 
in the concentration at a receptor of interest. 

A table should be included listing the emission schedule on an hourly and yearly basis.  
In addition, the emission schedule and exposure schedule should corroborate any 
exposure adjustment factors used for approximating an inhaled dose.  For more 
information about exposure adjustment factors, see Section 4.8.1. Alternatively, 
exposure adjustments can be made through refining the air dispersion analysis.  See 
Section 4.11.1.2(h) for special case modeling or Appendix M. An alternative to 
including modeling that addresses diurnal influences would be to include a sensitivity 
study showing, and/or text explaining, the reason(s) why there are no significant 
differences due to diurnal influences on the emissions from the facility or at the 
receptor(s) of interest.  For more guidance, you can contact the district or reviewing 
authority. Chapter 9 provides an outline that specifies the content and recommended 
format of HRA results. 

4.2.1.4 Emission Controls 

The HRA should include a description of control equipment, the emitting processes it 
serves, and its efficiency in reducing emissions of substances on the Air Toxics “Hot 
Spots” list. The EICG Report requires that this information be included in the Inventory 
Reports, along with the emission data for each emitting process.  If the control 
equipment did not operate full-time throughout the year, then the reported overall 
control efficiency must be adjusted to account for any predictable downtime of the 
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control equipment.  Any entrainment of toxic substances to the atmosphere from control 
equipment should be accounted for; this includes fugitive releases during maintenance 
and cleaning of control devices (e.g., baghouses and cyclones).  Contact the District for 
guidance with control equipment adjustments. Recommended default deposition rates 
that are used when calculating potential noninhalation health impacts are listed in 
Section 5.3.2. Chapter 9 provides an outline that specifies the content and 
recommended format of HRA results. 

4.2.2 Landfill Emissions 

Emission estimates for landfill sites should be based on testing required under Health 
and Safety Code, Section (HSC) 41805.5 (AB 3374, Calderon) and any supplemental 
AB 2588 source tests or emission estimates used to characterize air toxics emissions 
from landfill surfaces or through off-site migration. The District should be consulted to 
determine the specific Calderon data to be used in the HRA. The “Hot Spots” Program 
HRA for landfills should also include emissions of listed substances for all applicable 
power generation and maintenance equipment at the landfill site.  Processes that need 
to be addressed include stationary internal combustion engines, flares, evaporation 
ponds, composting operations, boilers, and gasoline dispensing systems. 

4.3 Source Characterization 

Pollutants are released into the atmosphere in many different ways.  The release 
conditions need to be properly identified and characterized to appropriately use the air 
dispersion models. 

4.3.1 Source Type 

Source types can be identified as point, line, area, or volume sources for input to the air 
dispersion model.  Several air dispersion models have the capability to simulate more 
than one source type. 

4.3.1.1 Point Sources 

Point sources are probably the most common type of source and most air dispersion 
models have the capability to simulate them. Typical examples of point sources include 
exhaust stacks.  Isolated vents from buildings are special examples of point sources. 

4.3.1.2 Line Sources 

The version 12345 or newer of the AERMOD can accommodate line sources.  Line 
sources can be also treated as a special case of either an area or a volume source. 
Examples of line sources include: conveyor belts and rail lines, freeways, and busy 
roadways.  Not all mobile sources may be subject to the Hot Spots program; however, 
non-motor vehicles that operate within a facility (e.g., ships, trains, and cranes, etc.) are 
subject to the Hot Spots program. For more information, see the ARB’s Emission 
Inventory and Criteria Guidelines document or ARB’s interpretation and guidance 
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memorandum to CAPCOA regarding mobile sources which are subject to the “Hot 
Spots” program. This memo can be found at http://www.arb.ca.gov/ab2588/motorv.pdf. 

Mobile sources and rail lines are required to be evaluated under SB 352. SB 352 
requires a risk assessment performed under the Hot Spots risk assessment guidance 
for proposed school sites within 500 feet of a busy roadway.  Dedicated air dispersion 
models are available for motor vehicle emissions from roadways which are a special 
type of line source. These models (i.e., CALINE3, CAL3QHCR, and CALINE4) are 
designed to simulate the mechanical turbulence and thermal plume rise due to the 
motor vehicle activity on the roadway.  However, these dedicated models use the 
Pasquill-Gifford dispersion stability classes for dispersion; the AERMOD dispersion 
model uses a more advanced continuous stability estimation method based on 
observations. The limitation with AERMOD is that the user needs to estimate initial 
mixing (Szo and Syo) for mechanical turbulence and thermal plume rise. Consult with 
the District prior to conducting roadway modeling to determine model use. 

For practical information on how to simulate roadway emission dispersion using these 
models, see the California Air Pollution Control Officer’s Association (CAPCOA) website 
at http://www.capcoa.org or the Sacramento Metropolitan AQMD (SMAQMD) website at 
http://www.airquality.org/ceqa/RoadwayProtocol.shtml. The SMAQMD has a document 
titled, “Recommended Protocol for Evaluating the Location of Sensitive Land Uses 
Adjacent to Major Roadways”(January, 2010). The ARB recommends this document for 
SB-352 risk assessments. 

4.3.1.3 Area Sources 

Emissions that are to be modeled as area sources are typical of fugitive sources 
characterized by non-buoyant emissions containing negligible vertical extent (e.g., no 
plume rise or emissions distributed over a large horizontal area). 

Fugitive particulate (PM2.5, PM10, TSP) emission sources include areas of disturbed 
ground (e.g., open pits, parking lots) which may be present during operational phases of 
a facility’s life.  Also included are areas of exposed material (e.g., storage piles and slag 
dumps) and segments of material transport where potential fugitive emissions may 
occur (uncovered haul trucks or rail cars, emissions from unpaved roads).  Fugitive 
emissions may also occur during stages of material handling where particulate material 
is exposed to the atmosphere (uncovered conveyors, hoppers, and crushers). 

Other fugitive emissions emanating from many points of release may be modeled as 
area sources.  Examples include fugitive emissions from valves, flanges, venting, and 
other connections that occur at ground level or at an elevated level or deck if on a 
building or structure. Modern dispersion models include an option for an initial vertical 
extent (Szo) where needed. 

Modeling portable equipment as an area source is a case-by-case situation that should 
be discussed with the District or reviewing authority.  Situations may exist where this 
type of operation is best represented as another type of release. 
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4.3.1.4 Volume Sources 

Non-point sources with emissions containing an initial vertical extent should be modeled 
as volume sources. The initial vertical extent may be due to plume rise or a vertical 
distribution of numerous smaller sources over a given area. Examples of volume 
sources include buildings with natural fugitive or passive ventilation, and line sources 
such as conveyor belts and rail lines. 

4.3.2 Quantity of Sources 

The number of sources at a facility may influence the selection of the air dispersion 
model.  Some dispersion models are capable of simulating only one source at a time, 
and are therefore referred to as single-source models (e.g., AERSCREEN). 

In some cases, for screening purposes, single-source models may be used in situations 
involving more than one source using one of the following approaches: 

• Combining all sources into one single “representative” source

In order to be able to combine all sources into one single source, the individual sources 
must have similar release parameters. For example, when modeling more than one 
stack as a single “representative” stack, the stack gas exit velocities and temperatures 
must be similar.  In order to obtain a conservative estimate, the values leading to the 
higher concentration estimates should typically be used (e.g., the lowest stack gas exit 
velocity and temperature, the height of the shortest stack, and a receptor distance and 
spacing that will provide maximum concentrations, etc.). 

• Running the model for each individual source and superimposing results

Superimposition of results of single sources of emissions is the actual approach 
followed by all the Gaussian models capable of simulating more than one source. 
Simulating sources in this manner may lead to conservative estimates if worst-case 
meteorological data are used or if the approach is used with a model that automatically 
selects worst-case meteorological conditions, especially wind direction. The approach 
will typically be more conservative the farther apart the sources are because each run 
would use a different worst-case wind direction. 

Additional guidance regarding source merging is provided by the U.S. EPA (1995a). It 
should be noted that depending upon the population distribution, the total burden can 
actually increase when pollutants are more widely dispersed. If the total burden from 
the facility or zone of impact (see Section 4.6.1) could increase for the simplifying 
modeling assumptions described above, the District should be consulted. 

4.4 Terrain Type 

Two types of terrain characterizations are required to select the appropriate model. 
One classification is made according to land type and another one according to terrain 
topography. 
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4.4.1 Terrain Type – Land Use 

Some air dispersion models (e.g., CALINE) use different dispersion coefficients 
(sigmas) depending on the land use over which the pollutants are being transported. 
The land use type is also used by some models to select appropriate wind profile 
exponents. Traditionally, the land type has been categorized into two broad divisions 
for the purposes of dispersion modeling: urban and rural.  Accepted procedures for 
determining the appropriate category are those suggested by Irwin (1978): one based 
on land use classification and the other based on population. 

The land use procedure is generally considered more definitive. Population density 
should be used with caution and should not be applied to highly industrialized areas 
where the population density may be low.  For example, in low population density areas 
a rural classification would be indicated, but if the area is sufficiently industrialized the 
classification should already be “urban” and urban dispersion parameters should be 
used. 

If the facility is located in an area where land use or terrain changes abruptly, for 
example, on the coast, the District should be consulted concerning the classification.  If 
need be, the model should be run in both urban and rural modes and the District may 
require a classification that biases estimated concentrations towards over prediction. 
As an alternative, the District may require that receptors be grouped according to the 
terrain between source and receptor. 

AERMOD is the U.S. EPA’s preferred dispersion model for a wide range of applications 
in rural or urban conditions. The users should refer to section 5.0 of the AERMOD 
Implementation Guide to determine urban or rural conditions. 

The Land Use and the Population Density Procedures discussed above are described 
as follows. 

4.4.1.1 Land Use Procedure 

(1) Classify the land use within the total area A, circumscribed by a 3 km radius circle 
centered at the source using the meteorological land use typing scheme proposed 
by Auer (1978) and shown in Table 4.1. 

(2) If land use types I1, I2, C1, R2 and R3 account for 50 percent or more of the total 
area A described in (1), use urban dispersion coefficients. Otherwise, use 
appropriate rural dispersion coefficients. 

4.4.1.2 Population Density Procedure 

(1) Compute the average population density (p) per square kilometer with A as defined 
in the Land Use procedure described above.  (Population estimates are also 
required to determine the exposed population; for more information see 
Section 4.6.3.) 
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(2) If p is greater than 750 people/km2 use urban dispersion coefficients, otherwise, use
appropriate rural dispersion coefficients. 

Table 4.1 Identification and classification of land use types 
(Auer, 1978) 
Used to define rural and urban dispersion coefficients in certain models. 
Type	 Use and Structures 
I1	 Heavy Industrial 

Major chemical, steel and fabrication 
industries; generally 3-5 story 
buildings, flat roofs 

I2	 Light-moderate industrial 
Rail yards, truck depots, warehouses, 
industrial parks, minor fabrications; 
generally 1-3 story buildings, flat roofs 

C1	 Commercial 
Office and apartment buildings, hotels; 
>10 story heights, flat roofs 

R1	 Common residential 
Single family dwelling with normal 
easements; generally one story, 
pitched roof structures; frequent 
driveways 

R2	 Compact residential 
Single, some multiple, family dwelling 
with close spacing; generally <2 story, 
pitched roof structures; garages (via 
alley), no driveways 

R3	 Compact residential 
Old multi-family dwellings with close 
(<2 m) lateral separation; generally 2 
story, flat roof structures; garages (via 
alley) and ashpits, no driveways 

R4	 Estate residential 
Expansive family dwelling on multi-
acre tracts 

A1	 Metropolitan natural 
Major municipal, state, or federal 
parks, golf courses, cemeteries, 
campuses; occasional single story 
structures 

A2	 Agricultural rural 

A3	 Undeveloped 
Uncultivated; wasteland 

A4 Undeveloped rural 
A5 Water surfaces 

Rivers, lakes 

Vegetation 
Grass and tree growth extremely 
rare; <5% vegetation 

Very limited grass, trees almost 
totally absent; <5% vegetation 

Limited grass and trees; <15% 
vegetation 

Abundant grass lawns and light-
moderately wooded; >70% 
vegetation 

Limited lawn sizes and shade 
trees; <30% vegetation 

Limited lawn sizes, old established 
shade trees; <35% vegetation 

Abundant grass lawns and lightly 
wooded; >80% vegetation 

Nearly total grass and lightly 
wooded; >95% vegetation 

Local crops (e.g., corn, soybean); 
>95% vegetation 
Mostly wild grasses and weeds, 
lightly wooded; >90% vegetation 
Heavily wooded; >95% vegetation 
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4.4.2 Terrain Type - Topography 

Surface conditions and topographic features generate turbulence, modify vertical and 
horizontal winds, and change the temperature and humidity distributions in the 
boundary layer of the atmosphere. These in turn affect pollutant dispersion and models 
differ in their need to take these factors into account. 

The classification according to terrain topography should ultimately be based on the 
topography at the receptor location with careful consideration of the topographical 
features between the receptor and the source.  Differentiation of simple versus complex 
terrain is unnecessary with AERMOD.  In complex terrain, AERMOD employs the 
well-known dividing-streamline concept in a simplified simulation of the effects of 
plume-terrain interactions.  For other plume models, topography can be classified as 
follows: 

4.4.2.1 Simple Terrain (also referred to as “Rolling Terrain”) 

Simple terrain is all terrain located below stack height including gradually rising terrain 
(i.e., rolling terrain).  Note that Flat Terrain also falls in the category of simple terrain. 

4.4.2.2 Intermediate Terrain 

Intermediate terrain is terrain located above stack height and below plume height. The 
recommended procedure to estimate concentrations for receptors in intermediate terrain 
is to perform an hour-by-hour comparison of concentrations predicted by simple and 
complex terrain models. The higher of the two concentrations should be reported and 
used in the risk assessment. 

4.4.2.3 Complex Terrain 

Complex terrain is terrain located above plume height. Complex terrain models are 
necessarily more complicated than simple terrain models.  There may be situations in 
which a facility is “overall” located in complex terrain but in which the nearby 
surroundings of the facility can be considered simple terrain. In such cases, receptors 
close to the facility in this area of simple terrain will “dominate” the risk analysis and 
there may be no need to use a complex terrain model. It is unnecessary to determine 
which terrain dominates the risk analysis for users of AERMOD. 

4.5 Level of Detail: Screening vs. Refined Analysis 

Air dispersion models can be classified according to the level of detail which is used in 
the assessment of the concentration estimates as “screening” or “refined”.  Refined air 
dispersion models use more robust algorithms capable of using representative 
meteorological data to predict more representative and usually less conservative 
estimates.  Refined air dispersion models are, however, more resource intensive than 
their screening counterparts.  It is advisable to first use a screening model to obtain 
conservative concentration estimates and calculate health risks.  If the health risks are 
estimated to be above the threshold of concern, then use of a refined model to calculate 
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more representative concentration and health risk estimates would be warranted.  There 
are situations when screening models represent the only viable alternative (e.g., when 
representative meteorological data are not available). The district or reviewing authority 
should be consulted to determine the appropriate method for determining the level of 
detail in the modeling analysis.  The HARP software will incorporate the capability of 
using either representative meteorological data from AERMOD or the default 
meteorological conditions from the AERSCREEN model. 

It is acceptable to use a refined air dispersion model in a “screening” mode for this 
program’s health risk assessments. In this case, a refined air dispersion model is used: 

• with worst-case meteorology instead of representative meteorology; 

• with a conservative averaging period conversion factor to calculate longer term 
concentration estimates (see Section 4.10 for more discussion on screening air 
dispersion models and adjustments factors). 

Note that use of worst case meteorology in a refined model is not the normal practice in 
New Source Review or Ambient Air Quality Standard evaluation modeling. 

4.6 Population Exposure 

The level of detail required for the analysis (e.g., screening or refined), and the 
procedures to be used in determining geographic resolution and exposed population 
require case-by-case analysis and professional judgment. The District should be 
consulted before beginning the population exposure estimates, and as results are 
generated, further consultation may be necessary.  Some suggested approaches and 
methods for handling the breakdown of population and performance of a screening or 
detailed risk analysis are provided in this section. 

In addition to estimating individual cancer risk at specific points such as the MEI 
(maximally exposed individual), OEHHA recommends determining the number of 
people who reside within the 1 x 10-6, 1 x 10-5, 1x 10-4, and higher cancer risk isopleths. 
For noncancer population evaluations, the number of people who reside within the 0.5, 
one, five, or higher hazard index isopleths should be reported. The HARP software can 
provide population exposure estimates as cancer burden or as the number of persons 
exposed to a selected (user identified) health risk/impact level.  Information on obtaining 
the HARP software can be found under the Hot Spots Program on the ARB’s web site 
at www.arb.ca.gov.  Chapter 9 provides an outline that specifies the content and 
recommended format of HRA results. 

4.6.1 Zone(s) of Impact 

As part of the estimation of the population exposure for the cancer risk analysis, it is 
necessary to determine the geographic area affected by the facility’s emissions. An 
initial approach to define a “zone of impact” surrounding the source is to generate an 
isopleth where the total excess lifetime cancer risk from inhalation exposure to all 
emitted carcinogens is greater than 10-6 (one in 1,000,000).  
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For noncarcinogens, a second, third, and fourth isopleth (to represent the chronic, 
8-hour, and acute impacts) should be created to define the zone of impact for the 
hazard index from both inhalation and noninhalation pathways greater than or equal to 
1.0.  For clarity these isopleths may need to be presented on separate maps in the 
HRA. 

Contact the District or reviewing authority to discuss inclusion of isopleth maps if all 
potential health risks fall within the facility boundary and no receptors have, or will ever, 
be present within the boundary (also see Section 4.7.1 for a discussion of on-site 
receptors). 

The initial “zone of impact” can be determined as follows: 

•	 Use a screening dispersion model (e.g., AERSCREEN) to obtain concentration
estimates for each emitted pollutant at varying receptor distances from the source.
Several screening models feature the generation of an automatic array of receptors
which is particularly useful for determining the zone of impact. In order for the model
to generate the array of receptors the user needs to provide some information
normally consisting of starting distance, increment and number of intervals.

•	 Calculate total cancer risk and hazard index (HI) for each receptor location by using
the methods provided in the risk characterization sections in Chapter 8 of the Air
Toxics Hot Spots Risk Assessment Guidance Manual.

•	 Find the distance where the total inhalation cancer risk is equal to 10-6; this may
require redefining the receptor array in order to have two receptor locations that
bound a total cancer risk of 10-6 . Next, find the distance where the chronic, 8-hour,
and acute health hazard indices are declared significant by the District (e.g., acute,
8-hour, or chronic HI = 1.0).

Some Districts may prefer to use a cancer risk of 10-7 or an HI of 0.5 as the zone of
 
impact. Therefore, the District should be consulted before modeling efforts are initiated. 

If the zone of impact is greater than 25 km from the facility at any point, then the District 

should be consulted. The District may specify limits on the area of the zone of impact.
 
Ideally, these preferences would be presented in the modeling protocol (see
 
Section 4.14).
 

Note that when depicting the risk assessment results, risk isopleths must present the
 
total cancer and noncancer risk from both inhalation and noninhalation pathways.  The
 
zone of impact should be clearly shown on a map with geographic markers of adequate
 
resolution (see Section 4.6.3.1). The text below discusses methodology for defining the
 
zone of impact and has format recommendations.  Chapter 9 provides an outline that 

specifies the content and recommended format of all HRA results. 


The zone of impact can be defined once the exposure assessment (air dispersion
 
modeling) process has determined the pollutant concentrations at each designated
 
off-site receptor and a risk analysis (see Chapter 8) has been performed.  For clarity, 

the cancer and noncancer zone(s) of impact should be presented on separate maps. A
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map illustrating the carcinogenic zone of impact is required. The District may at its 
discretion ask for the map illustrating the potential carcinogenic zone of impact to 
identify the zone of impact for the minimum exposure pathways (inhalation, soil, dermal, 
and mother’s milk) and the zone of impact for all applicable pathways of exposure 
(minimum pathways plus site/route dependent pathways).  Two maps may be needed to 
accomplish this.  The legend of these maps should state the level(s) used for the zone 
of impact and identify the exposure pathways that were included in the assessment. 

The noncancer maps should also clearly identify the noncancer zones of impact. These 
include the acute (inhalation) zone of impact, 8-hour (inhalation) zone of impact and the 
chronic (including both inhalation, multipathway) zone of impact.  The District may at its 
discretion require separate chronic inhalation and chronic multipathway zones of impact 
maps.  For clarity, presentation of the two chronic zones of impact may also require two 
or more maps. The legend of these maps should state the level(s) used for the zone of 
impact and identify the exposure pathways (and target organs) that were included in the 
assessment.  Further information regarding the methods for determination of hazard 
indices and cancer risk are discussed in Chapter 8 and Appendix I. 

4.6.2 Screening Population Estimates for Risk Assessments 

A screening risk assessment should include an estimate of the maximum exposed 
population.  For screening risk assessments, a detailed description of the exposed 
population is not required. The impact area to be considered should be selected to be 
health protective (i.e., will not underestimate the number of exposed individuals). A 
health-protective assumption is to assume that all individuals within a large radius of the 
facility are exposed to the maximum concentration. If a facility must also comply with 
the RCRA/CERCLA risk assessment requirements, health effects to on-site workers 
may also need to be addressed. The DTSC’s Remedial Project Manager should be 
consulted on this issue. The District should be consulted to determine the population 
estimate that should be used for screening purposes. Guidance for one screening 
method is presented here. 

1.	 Use a screening dispersion model (e.g., AERSCREEN) to obtain concentration
estimates for each emitted pollutant at varying receptor distances from the
source. Several screening models feature the generation of an automatic array
of receptors that is particularly useful for determining the zone of impact. In order
for the model to generate the array of receptors, the user needs to provide some
information normally consisting of starting distance, increment, and number of
intervals.

2.	 Calculate the potential cancer risk and hazard index for each receptor location by
using the methods provided in the risk characterization sections of this document
(Chapter 8).

3.	 Find the distance where the potential cancer risk is equal to District specified
levels (e.g., 10-6); this may require redefining the receptor array in order to have
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two receptor locations that bound a total cancer risk of 10-6 . This exercise should 
be repeated for the noncancer health impacts. 

4.	 Calculate cancer burden by estimating the number of people in the grid and
stipulate that all are exposed at the highest level.

4.6.3 Refined Population Estimates for Risk Assessments 

The refined HRA requires a detailed analysis of the population exposed to emissions 
from the facility. Where possible, a detailed population exposure analysis provides 
estimates of the number of individuals in residences and offsite workplaces, as well as 
at sensitive receptor sites such as schools, daycare centers and hospitals.  The District 
may require that locations with high densities of sensitive individuals be identified 
(e.g., schools, daycare centers, hospitals). These population analyses can include 
exposure estimates for workers and residents through the use of land use maps or 
other tools. The overall exposed residential and worker populations should be 
apportioned into smaller geographic subareas. The information needed for each 
subarea is: 

1.	 The number of exposed persons, and
2.	 The receptor location at which the calculated ambient air concentration is

assumed to be representative of the exposure to the entire population in the
subarea.

A multi-tiered approach is suggested for the population analysis.  Census tracts, which 
the facility could significantly impact, should be identified (see Section 4.6.3.1).  A 
census tract should be divided into smaller subareas if it is close to the facility where 
ambient concentrations vary widely.  The District may determine that census tracts 
provide sufficient resolution near the facility to adequately characterize population 
exposure or they may prefer the census information to be evaluated using smaller 
blocks. Further downwind where ambient concentrations are less variable, the census 
tract level may be acceptable to the District. The District may determine that the 
aggregation of census tracts (e.g., when the census tracts making up a city are 
combined) is appropriate for receptors that are considerable distances from the facility. 

If a facility must also comply with the RCRA/CERCLA HRA requirements, health effects 
to on-site workers may also need to be addressed. The DTSC’s Remedial Project 
Manager should be consulted on this issue. In some cases it may be appropriate to 
evaluate risks to on-site receptors.  The district should be consulted about special cases 
for which evaluation of on-site receptors is appropriate, such as facilities frequented by 
the public or where people may reside (e.g., military facilities). 

4.6.3.1 Census Tracts 

For a refined risk assessment, the boundaries of census tracts can be used to define 
the geographic area to be included in the population exposure analysis.  Digital maps 
showing the census tract boundaries in California can be obtained from “The Thomas 
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Guide”® on the World Wide Web. Statistics for each census tract can be obtained from 
the U.S. Census Bureau. The website address for the U.S. Census Bureau is 
http://www.census.gov.  Numerous additional publicly accessible or commercially 
available sources of census data can be found on the World Wide Web. A specific 
example of a census tract is given in Appendix K.  The HARP software includes U.S. 
census data and is a recommended tool for performing population exposure estimates. 

The two basic steps in defining the area under analysis are: 

(1) Identify the “zone of impact” (as defined previously in Section 4.6.1) on a map 
detailed enough to provide for resolution of the population to the subcensus tract level.  
(The U.S. Geological Survey (USGS) 7.5-minute series maps and the maps within the 
HARP software provide sufficient detail.)  This is necessary to clearly identify the zone 
of impact, location of the facility, and sensitive receptors within the zone of impact. If 
significant development has occurred since the USGS survey, this should be indicated. 
A specific example of a 7.5-minute series map is given in Appendix K. 

(2) Identify all census tracts within the zone of impact using a U.S. Bureau of Census 
or equivalent map (e.g., Thomas Brothers, HARP Software). If only a portion of the 
census tract lies within the zone of impact, then only the population that falls within the 
isopleth should be used in the population estimate or burden calculation. To determine 
this level of detail, local planning and zoning information may need to be collected. 
When this more detailed information is not available, then a less refined approach is to 
include the census data if the centroid of the census block falls within the isopleths of 
interest. The census tract boundaries should be transferred to a map, such as a USGS 
map (referred to hereafter as the “base map”.) 

An alternative approach for estimating population exposure in heavily populated urban 
areas is to apportion census tracts to a Cartesian grid cell coordinate system.  This 
method allows a Cartesian coordinate receptor concentration field to be merged with the 
population grid cells. This process can be computerized and minimizes manual 
mapping of centroids and census tracts. The HARP software includes this function and 
will provide population estimates that are consistent with the methodology discussed 
here. 

The District may determine that aggregation of census tracts (e.g., which census tracts 
making up a city can be combined) is appropriate for receptors that are located at 
considerable distances from the facility.  If the District permits such an approach, it is 
suggested that the census tract used to represent the aggregate be selected in a 
manner to ensure that the approach is health protective. For example, the census tract 
included in the aggregate that is nearest (downwind) to the facility should be used to 
represent the aggregate. 

4.6.3.1.1 Subcensus Tract 

Within each census tract are smaller population units. These units [urban block groups 
(BG) and rural enumeration districts (ED)] contain about 1,100 persons. BGs are 
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further broken down into statistical units called blocks. Blocks are generally bounded by 
four streets and contain an average of 70 to 100 persons.  However, this range in 
population is an average and population units may vary significantly.  In some cases, 
the EDs are very large and identical to a census tract. 

The area requiring detailed (subcensus tract) resolution of the exposed residential and 
worker population will need to be determined on a case-by-case basis through 
consultation with the District. The District may determine that census tracts provide 
sufficient resolution near the facility to adequately characterize population exposure. 

Employment population data can be obtained at the census tract level from the U.S. 
Census Bureau or from local planning agencies. This degree of resolution will generally 
not be sufficient for most risk assessments. For the area requiring detailed analysis, 
zoning maps, general plans, and other planning documents should be consulted to 
identify subareas with worker populations. 

The boundaries of each residential and employment population area should be 
transferred to the base map. 

4.6.4 Sensitive Receptor Locations 

Individuals who may be more sensitive to toxic exposures than the general population 
are distributed throughout the total population.  Sensitive populations may include 
young children and chronically ill individuals.  The District may require that locations 
with high densities of sensitive individuals be identified (e.g., schools, nursing homes, 
residential care facilities, daycare centers, and hospitals). The HRA should state what 
the District requirements are regarding identification of sensitive receptor locations. 

Although protection of sensitive individuals is incorporated into OEHHA’s risk 
assessment methodology in both cancer risk and noncancer risk assessment, the 
assessment of risk at the specific location of such sensitive individuals (e.g., schools, 
hospitals, or nursing homes) may be useful to assure the public that such individuals 
are being considered in the analysis.  For some chemicals (e.g., mercury and 
manganese) children have been specifically identified as the sensitive subpopulation for 
noncancer health impacts, so it can be particularly appropriate to assess school sites. 

4.7 Receptor Siting 

4.7.1 Receptor Points 

The modeling analysis should contain a network of receptor points with sufficient detail 
(in number and density) to permit the estimation of the maximum concentrations. 
Locations that must be identified include: 

 The maximum estimated off-site impact or point of maximum impact (PMI), 
 The maximum exposed individual at an existing residential receptor (MEIR), 
 The maximum exposed individual at an existing occupational worker receptor 

(MEIW). 
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Note that some situations may also require that on-site receptor (worker or residential) 
locations be evaluated. The risk assessor can contact the District or reviewing authority 
for guidance if on-site exposure situations are present at the emitting facility. However, 
these on-site locations should be included in the HRA. Some examples where the 
health impacts of on-site receptors may be appropriate could be military base housing, 
prisons, universities, day care facilities, or locations where the public may have regular 
access for the appropriate exposure period (e.g., a lunch time café or museum for acute 
exposures).  When a receptor lives and works on the facility, site, or property, then 
these receptors should be evaluated and reported under both residential and worker 
scenarios and the one that is most health protective should be used for risk 
management decisions. The cancer risk estimates for the onsite residents may use a 
30-year exposure duration while the 25-year exposure duration is used for a worker.  
Under a Tier 2 analysis, alternate exposure durations may be evaluated and presented 
with all assumptions supported. 

All of these locations (i.e., PMI, MEIR, and MEIW) must be identified for potential 
multipathway carcinogenic and noncarcinogenic effects. It is possible that the 
estimated PMI, MEIR, and MEIW risk for cancer, chronic noncancer, 8-hour, and acute 
noncarcinogenic risks occur at different locations or that some of these evaluations may 
not be necessary (e.g., the receptor does not exist). For example, some facilities will 
not have off-site workers in the vicinity of the facility and will not need to evaluate worker 
exposure, or the exposure situation may only require the evaluation of short-term 
carcinogenic or acute noncancer impacts (see Section 8.2.10 for a discussion of short-
term projects). The approval to revise the exposure assessment for a receptor, or to 
omit the MEIW receptor, should be verified in writing with the District or reviewing 
authority and included in the HRA. 

Other sensitive receptor locations may also be of interest and required to be included in 
the HRA. The District or reviewing authority should be consulted to determine which 
sensitive receptor locations must be included. 

The results from a screening model (if available) can be used to identify the area(s) 
where the maximum concentrations are likely to occur.  Receptor points should also be 
located at the population centroids (see Section 4.7.2) and sensitive receptor locations 
(see Section 4.6.4).  The exact configuration of the receptor array used in an analysis 
will depend on the topography, population distribution patterns, and other site-specific 
factors.  All receptor locations should be identified in the HRA using UTM (Universal 
Transverse Mercator) coordinates and receptor number.  The receptor numbers in the 
summary tables should match receptor numbers in the computer output (e.g., HARP 
output files).  In addition to actual UTM coordinates, the block/street locations (i.e., north 
side of 3,000 block of Smith Street) should be provided in the HRA for the PMI, MEIR, 
and MEIW for carcinogenic and noncarcinogenic health effects. Chapter 9 provides an 
outline that specifies the content and recommended format of HRA results. 

4-21
 



       

 

 
 

   

  
  

  
      

   
 

  
   

 
   

   

  
   

    
    

   
  

   
 

  
    

   

    

 
 

 

  
 

 

  

   
  

    
    

    
     

  
   

Air Toxics Hot Spots Program Guidance Manual February 2015 

4.7.1.1 Receptor Height 

To evaluate localized impacts, receptor height should be taken into account at the point 
of maximum impact on a case-by-case basis.  For example, receptor heights may have 
to be included to account for receptors significantly above ground level.  Flagpole 
receptors at the height of the breathing zone of a person may need to be considered 
when the source receptor distance is less than a few hundred meters.  Consideration 
must also be given to the noninhalation pathway analysis which requires modeling of 
chemical deposition onto soil or water at ground level.  For the inhalation pathway, a 
health protective approach is to select a receptor height from 0 meters to 1.8 meters 
that will result in the highest predicted downwind concentration.  Final approval of this 
part of the modeling protocol should be with the District or reviewing authority. 

4.7.2 Centroid Locations 

For each subarea analyzed, a centroid location (the location at which a calculated 
ambient concentration is assumed to represent the entire subarea) should be 
determined. When population is uniformly distributed within a population unit, a 
geographic centroid based on the shape of the population unit can be used. If only a 
portion of the census tract lies within the isopleth or area of interest, then only the 
population that falls within the isopleth should be used in the calculation for population 
exposure. To determine this level of detail, local planning and zoning information may 
need to be collected. Where populations are not uniformly distributed, a population-
weighted centroid may be used.  Another alternative uses the concentration at the point 
of maximum impact within that census tract as the concentration to which the entire 
population of that census tract is exposed. While this less refined approach is 
commonly accepted, Districts should be contacted to approve this method prior to its 
use in a risk assessment. 

The centroids represent locations that should be included as receptor points in the 
dispersion modeling analysis.  Annual average concentrations should be calculated at 
each centroid using the modeling procedures presented in this chapter. 

For census tracts and BG/EDs, judgments can be made using census tracts maps and 
street maps to determine the centroid location.  At the block level, a geographic centroid 
is sufficient. 

4.7.3 Spatial Averaging 

Since the inception of the “Hot Spots” and California’s Air Toxics Programs, HRA results 
for an individual receptor have typically been based on air dispersion modeling results 
at a single point or location. With a few exceptions, this method has been traditionally 
used for all types of receptors (e.g., PMI, MEIR, MEIW, pathway receptors, etc.). The 
assumptions used in risk assessment are designed to prevent underestimation of health 
impacts to the public resulting in a health protective approach. However, basing risk 
estimates on a single highest point (PMI, MEIR, or MEIW) does not take into account 
that a person does not remain at one location on their property, or in one location at the 
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workplace over an extended period of time. Therefore, the average air concentration 
over a small area is likely to be more representative than using the air concentration at 
a single point, particularly in those situations where concentrations fall off rapidly around 
that single point. The concept of averaging air concentrations over a small area is 
known as spatial averaging. 

In order to understand how spatial averaging can impact air dispersion modeling results 
with various types of facilities, the ARB, in conjunction with the OEHHA, performed 
sensitivity analyses to evaluate the impacts of spatially averaging air dispersion 
modeling results (see Appendix C of the Air Toxics Hot Spots Program Risk 
Assessment Guidelines: Technical Support Document for Exposure Assessment and 
Stochastic Analysis (EASA)).  Based on these sensitivity analyses, it is reasonable and 
appropriate to include spatial averaging techniques in air toxic risk assessments as 
supplemental information to Tier 1 information (i.e., modeling results that are based on 
the air concentration from a single point or location).  While all risk assessments must 
include results based on Tier 1 methodology, the spatially averaged concentrations 
around the point of interest (e.g., PMI, MEIR, MEIW, multipathway exposure 
evaluations, etc.) could also be included as an option in risk assessments and 
acceptable for risk management decisions subject to approval by the District or 
reviewing agency.  Spatial averaging is an option for the purpose of additional 
refinement to the risk assessment. 

A few reasons that support the inclusion of spatially averaged modeled concentrations 
in risk assessment include the following: 

	 Averaging results over a small domain will give a more representative picture of 
individual exposure and risk than an estimate based on one single location within 
their property. 

	 Spatial averaging will allow air dispersion modeling and risk assessment results 
to be characterized as the estimated concentration and risk in a discrete area of 
interest, rather than an exact value for a single location. 

	 From a risk communication standpoint, the ARB and OEHHA feel it is more 
appropriate to present the modeling output and the calculated health impacts as 
the potential impacts within a small or discrete area, rather than an exact value at 
a specific point on a grid or map. 

	 Spatial averaging is the recommended procedure in ARB’s Lead Risk 
Management Guidelines (2001) and has been used in several complex source 
HRAs [e.g., Roseville Railyard (2004), Ports of LA/LB (2006), Port of Oakland 
(2008)]. 

	 Spatially averaging the deposition concentrations over pasture land, a garden, or 
a water body for multipathway exposure scenarios is a planned upgrade for the 
HARP Software. This will provide an option that will refine multipathway 
exposure assessments.  Average deposition on these types of areas (e.g., a 
water body) is not necessarily well represented by the single highest point of 
deposition, or deposition at the geographic center of the water body.  Likewise, 
since produce is grown over the entire surface of the garden and cows graze the 
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entire pasture, deposition is better estimated by evaluating the entire area rather 
than using a single point. 

4.7.3.1 Spatial Averaging Methodology 

The spatial averaging sensitivity study in Appendix C of the EASA is based on 
simulating emissions from point, volume, area, and line sources. Most source types 
(e.g., point) are simulated as a small, medium or large source. Line sources are only 
simulated as small and large.  In addition, meteorological data collected at five different 
locations in California were used.  Nested spatial average grids of various domains 
were used to study the differences on the spatial average concentration.  In the case of 
the 20 meter by 20 meter spatial average nested grid, the spatial average concentration 
showed little change over the PMI for medium and large sources.  In the case for small 
sources, the spatial average concentration is approximately 45% to 80% of the PMI 
concentration.  Individual source type and meteorological conditions will cause 
variations in these results. 

The results of the spatial averaging sensitivity study in Appendix C of the EASA shows 
that sources with low plume rise that result in a PMI, MEIW, or MEIR located at or near 
the property fence line are most sensitive to spatial averaging.  Source types with high 
plume rise (e.g., tall stacks) show a PMI far downwind where the concentration gradient 
is more gradual and therefore spatial averaging has a lesser effect. While spatial 
averaging can be used regardless of source size or the location of the PMI, the 
following conditions generally apply when a source is a good candidate for spatial 
averaging: 

	 The MEIR, MEIW, or PMI is located at the fence line or close to the emission
source.

	 The concentration gradient is high near the PMI.  This is more associated with
low level plumes such as fugitive, volume, area, or short stacks.

	 A long term average is being calculated to represent a multi-year risk analysis
based on one to five years of meteorological data.  Note that spatial
averaging should not be used for short term (acute) calculations.

In general, the method for calculating the spatial average in air toxic risk assessments 
includes the following steps: 

1.	 Locate the point(s) of interest and receptor(s) (i.e., PMI, MEIW, MEIR, and
any additional receptor locations of interest or concern) with a grid resolution
spacing of no greater than five meters.  To achieve this, two or more
modeling runs with successively finer nested grid resolutions may be needed
to find the final location where the nested grid that will be used for spatial
averaging will be placed.
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2.	 Center the spatial average nested grid on the each receptor’s location of 
interest determined in step 1. Limit the nested grid to no larger than 
20 meters by 20 meters or 400 square meters.  Note that if a portion of the 
centered and nested grid falls within the facility boundary and the receptor 
location of interest is outside of the boundary, then adjustments to the nested 
grid to obtain the spatially-averaged concentration for the offsite receptor are 
reasonable. This may be done by either repositioning the nested grid to 
cover 400 square meters of off-boundary area surrounding the receptor or 
center the nested grid and delete any on-site grid points so that only the 
offsite grid points surrounding the receptor are used in the spatially averaged 
concentration. The grid resolution spacing should be no greater than five 
meters.  With a five meter grid resolution, the 20 meter by 20 meter domain 
will result in 25 receptors.  The size, shape, and placement of the domain and 
the resolution of points are subject to approval by the District, ARB, or other 
reviewing authority.  See the Sections 4.7.3.1.2 and 4.7.3.1.3 below for 
additional discussion on domain sizing and grid spacing at worksites, 
pastures, gardens, and water bodies. 

3.	 Some configurations of source activity and meteorological conditions result in 
a predominant downwind plume center line that is significantly askew from 
one of the four ordinate directions.  In this case, a tilted nested grid is 
necessary to coincide with the dominant plume centerline. Polar receptors 
are easier to implement than a tilted rectangular grid.  The domain of the 
polar receptor field should be limited to a 15 meter radius. See Appendix C of 
the EASA for detailed instructions on tilted polar receptors. 

4.	 Calculate the arithmetic mean of the long term period average concentration 
(e.g., annual average) of the nested grid of receptors to represent the spatial 
average.  This average is used in the risk calculations. 

5.	 Document and include all methods, assumptions, data, maps, and files used 
in the spatial averaging analysis and clearly present this information in the 
risk assessment following the requirements of the District or reviewing 
authority.  Note that in the update to the HARP software, functionality will be 
included that will assist with spatial averaging and the methodology 
discussed. 

The following sections discuss the use of spatial averaging for various receptor types and 
exposure pathways. 

4.7.3.1.1 Residential Receptors 

Follow the steps in Section 4.7.3 outlining the spatial averaging methodology.  To 
remain health protective when evaluating a residential receptor, spatial averaging 
should not take place using large nested domains. The domain used for spatial 
averaging should be no larger than 20 meters by 20 meters with a maximum grid 
spacing resolution of equal to or less than five meters. This domain represents an area 

4-25
 



       

 

 
 

    
   

 

  

  
 

    
  

    
    

  
    

    
 

     

  
  

   
  

  
   

   
  

 
  

  

   
      

    
    

   
 

  
  

    
  

   
     

    
  

   

Air Toxics Hot Spots Program Guidance Manual February 2015 

that is approximately the size of a small urban lot. The size of the domain and 
resolution of points shall be subject to approval by the District, ARB, or other reviewing 
authority. 

4.7.3.1.2 Worker Receptors 

Offsite worker locations (e.g. MEIW) may also be a candidate for spatial averaging.  
However, workers can be at the same location during almost their entire daily work shift 
(e.g., desk/office workers). When this is the situation, then the traditional method of 
using a single location and corresponding modeled concentration is appropriate.  If 
spatial averaging is used, care should be taken to determine the proper domain size 
and grid resolution. Follow the steps in Section 4.7.3 outlining the spatial averaging 
methodology.  To be consistent with the residential receptor assumptions and remain 
health protective, a modeling domain size no larger than 20 meters by 20 meters is 
recommended with a grid spacing resolution of equal to or less than five meters. 
However, if workers routinely and continuously move throughout the worksite over a 
space greater than 20 meters by 20 meters, then a larger domain may be considered. 

The HRA or modeling protocol shall support all assumptions used, including, but not 
limited to, documentation for all workers showing the area where each worker routinely 
performs their duties and the percentage of time spent in those areas. The final domain 
size should not be greater than the smallest area of worker movement.  Other 
considerations for determining domain size and grid spacing resolution may include an 
evaluation of the concentration gradients across the worker area. The grid spacing 
used within the domain to find the concentration that will be used to calculate health 
impacts should be sufficient in number and detail to obtain a representative 
concentration across the area of interest.  The size of the domain and resolution of 
points shall be subject to approval by the District, ARB, or other reviewing authority. 

4.7.3.1.3 Pastures, Gardens, or Water Bodies 

The simplified approach of using the concentration (deposition rate) at the centroid, a 
specific point of interest, or the PMI location for an area being evaluated for 
noninhalation exposures (e.g., a body of water used for fishing, a pasture used for 
grazing, area of a garden, etc.) is acceptable for use in HRA. However, evaluating 
deposition concentrations over pasture land, a garden, or a water body for multipathway 
exposure scenarios using spatial averaging could give more representative estimates of 
the overall deposition rate.  Use of spatial averaging in this application is subject to 
approval by the District, ARB, or other reviewing authority. 

If spatial averaging will be done, follow the steps in Section 4.7.3.1 outlining the spatial 
averaging methodology. When using spatial averaging over the deposition area, care 
should be taken to determine the proper domain size to make sure it includes all 
reasonable areas of potential deposition. The size and shape of the area of interest 
(e.g., pasture or water body) should be identified and used for the modeling domain. 
The grid spacing or resolution used within the domain should be sufficient in detail to 
obtain a representative deposition concentration across the area of interest. One way 
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to determine the grid resolution is to include an evaluation of the concentration 
gradients across the deposition area. The HRA or modeling protocol shall support all 
assumptions used, including, but not limited to, documentation of the deposition area 
(e.g., size and shape of the pasture, garden, or water body, maps, representative 
coordinates, grid resolution, concentration gradients, etc.).  The size of the domain and 
grid resolution is subject to approval by the reviewing authority. 

In lieu of following the details in the paragraph above, the approach used for the other 
receptors (e.g., MEIR, MEIW) that uses a domain size not greater than 20 meters by 
20 meters, located on the PMI within the area of interest, with a maximum grid spacing 
resolution of five meters, can be used. This default refined approach would apply to 
deposition areas greater than 20 meters by 20 meters.  For smaller deposition areas, 
the simplified approach of using the PMI for the area, the concentration at the centroid 
or a specific point of interest, or averaging over the actual smaller domain can be used. 
This again is subject to approval by the reviewing authority. 

The HRA or modeling protocol shall support all assumptions used, including, but not 
limited to, documentation of the deposition area (e.g., size and shape of the water body, 
pasture, or garden; all data; maps; representative coordinates, and etc.), and the details 
clarifying how and where the averaging was done (e.g., location and magnitude of 
concentration gradients, the grid spacing used). 

4.8 Meteorological Data 

Refined air dispersion models require hourly meteorological data. The first step in 
obtaining meteorological data should be to check with the District and the ARB for data 
availability.  Other sources of data include the National Weather Service (NWS), 
National Climatic Data Center (NCDC), Asheville, North Carolina, ARB meteorological 
database (METDB), military stations and private networks.  Meteorological data for a 
subset of NWS stations are available from the U.S. EPA Support Center for Regulatory 
Air Models (SCRAM).  The SCRAM can be accessed at 
www.epa.gov/scram001/main.htm.  All meteorological data sources should be approved 
by the District.  Data not obtained directly from the District or the ARB should be 
checked for quality, representativeness, and completeness.  It should be approved by 
the District before use. U.S. EPA provides guidance (U.S. EPA, 1995e) for these data. 
Meteorological data may need further processing.  Data users can consult with the 
District or the ARB on how to process the raw meteorological data. The risk 
assessment should indicate if the District required the use of a specified meteorological 
data set. All memos indicating District approval of meteorological data should be 
attached in an appendix.  If no representative meteorological data are available, 
screening procedures should be used as indicated in Section 4.10. 

The analyst should acquire enough meteorological data to ensure that the worst-case 
meteorological conditions are represented in the model results. The US-EPA Guideline 
on Air Quality Models (U.S. EPA 2005) prefers that the latest five years of consecutive 
meteorological data be used to represent long term averages (i.e., cancer and chronic 
impacts). Previous OEHHA guidance allowed the use of the worst-case year to save 
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computer time. The processing speed of modern computers has increased to the point 
where processing five years of data over one year is no longer burdensome.  However, 
the District may determine that one year of representative meteorological data is 
sufficient to adequately characterize the facility’s impact. This may especially be the 
case when five years of quality consecutive data are not available. 

To determine long term average concentrations the data can be averaged.  For 
calculation of the one-hour maximum concentrations needed to evaluate acute effects, 
the worst-case year should be used in conjunction with the maximum hourly emission 
rate.  For example, the long term average concentration and one-hour maximum 
concentration at a single receptor for five years of meteorological data are calculated 
below: 

Year Annual Average 
(g/m3) 

Maximum One-Hour 
(g/m3) 

1 7 100 
2 5 80 
3 9 90 
4 8 110 
5 6 90 

5-year average 7 

In the above example, the long-term average concentration over five years is 7 g/m3. 
Therefore, 7 g/m3 should be used to evaluate carcinogenic and chronic effects 
(i.e., annual average concentration).  The one-hour maximum concentration is the 
highest one-hour concentration in the five-year period. Therefore, 110 g/m3 is the 
peak one-hour concentration that should be used to evaluate acute effects. 

The higher hourly concentration usually occurs when meteorological dispersion 
conditions become worse, such as, calm or light wind, inversion, etc.  Inversion usually 
happens in late afternoon through early morning.  As the sun goes down, the 
atmospheric temperature near surface starts to fall, usually faster than the temperature 
in the upper atmosphere causing a temperature inversion layer to form and extend 
downward.  This inversion layer usually sustains throughout the night, and remains until 
early morning.  Because of the inversion (cold air sitting on warm air at the top of the 
inversion layer), pollutant vertical mixing is very low in the morning. 

When predicted concentrations are high and the mixing height is very low for the 
corresponding averaging period, the modeling results deserve additional consideration. 
For receptors in the near field, it is within the model formulation to accept a very low 
mixing height for short durations.  However, it would be unlikely that the very low mixing 
height would persist long enough for the pollutants to travel into the far field. In the 
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event that the analyst identifies any of these time periods, they should be discussed 
with the District on a case-by-case basis. 

4.8.1 Meteorological Data Formats 

Most short-term dispersion models require input of hourly meteorological data in a 
format which depends on the model.  U.S. EPA provides software for processing 
meteorological data for use in U.S. EPA recommended dispersion models.  U.S. EPA 
recommended meteorological processors include the Meteorological Processor for 
Regulatory Models (MPRM), PCRAMMET, and AERMET. Use of these processors will 
ensure that the meteorological data used in an U.S. EPA recommended dispersion 
model will be processed in a manner consistent with the requirements of the model. 

Meteorological data for a subset of NWS stations are available on the World Wide Web 
at the U.S. EPA SCRAM address, http://www.epa.gov/scram001. 

4.8.2 Treatment of Calms 

Calms are hours when the wind speed is below the starting threshold of the 
anemometer.  Gaussian plume models require a wind speed and direction to estimate 
plume dispersion in the downwind direction. 

U.S. EPA’s policy is to disregard calms until such time as an appropriate analytical 
approach is available. The recommended U.S. EPA models contain a routine that 
eliminates the effect of the calms by nullifying concentrations during calm hours and 
recalculating short-term and annual average concentrations.  Certain models lacking 
this built-in feature can have their output processed by U.S. EPA’s CALMPRO program 
(U.S. EPA, 1984a) to achieve the same effect.  Because the adjustments to the 
concentrations for calms are made by either the models or the postprocessor, actual 
measured on-site wind speeds should always be input to the preprocessor.  These 
actual wind speeds should then be adjusted as appropriate under the current U.S. EPA 
guidance by the preprocessor. 

Following the U.S. EPA methodology, measured on-site wind speeds of less than 
1.0 m/s, but above the instrument threshold, should be set equal to 1.0 m/s by the 
preprocessor when used as input to Gaussian models. Calms are identified in the 
preprocessed data file by a wind speed of 1.0 m/s and a wind direction equal to the 
previous hour.  For input to AERMOD, no adjustment should be made to the site 
specific wind data. AERMOD can produce model estimates for conditions when the 
wind speed may be less than 1 m/s but still greater than the instrument threshold. 
Some air districts provide pre-processed meteorological data for use in their district that 
treats calms differently.  Local air districts should be consulted for available 
meteorological data. In addition, to reduce the number of calms and missing winds in 
the surface data, EPA has developed a pre-processor – AERMINUTE – to process 1-
minute ASOS wind data for generating hourly average wind speed and directions for 
input to AERMET in Stage 2. The details can be found in the EPA’s AERMINUTE 
User’s Instructions at: 
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http://www.epa.gov/ttn/scram/models/aermod/aerminute_userguide_v11059_draft.pdf 

If the fraction of calm hours is excessive, then an alternative approach may need to be 
considered to characterize dispersion. The Calpuff model modeling system can 
simulate calm winds as well as complex wind flow and therefore is a viable alternative. 
The local air district should be consulted for alternative approaches. 

4.8.3 Treatment of Missing Data 

Missing data refer to those hours for which no meteorological data are available from 
the primary on-site source for the variable in question. When missing values arise, they 
should be handled in one of the following ways listed below, in the following order of 
preference: 

(1) If there are other on-site data, such as measurements at another height, they may 
be used when the primary data are missing.  If the height differences are significant, 
corrections based on established vertical profiles should be made. Site-specific 
vertical profiles based on historical on-site data may also be appropriate to use if 
their determination is approved by the reviewing authority.  If there is question as to 
the representativeness of the other on-site data, they should not be used. 

(2) If there are only one or two missing hours, then linear interpolation of missing data 
may be acceptable, however, caution should be used when the missing hour(s) 
occur(s) during day/night transition periods. 

(3) If representative off-site data exist, they may be used.	 In many cases this approach 
may be acceptable for cloud cover, ceiling height, mixing height, and temperature. 
This approach will rarely be acceptable for wind speed and direction. The 
representativeness of off-site data should be discussed and agreed upon in advance 
with the reviewing authority. 

(4) An imputation methodology may be acceptable, provided it is well-documented, 
sufficiently justified, and properly applied. 

(5) Failing any of the above, the data field should be coded as missing using missing 
data codes appropriate to the applicable meteorological pre-processor. 

Appropriate model options for treating missing data, if available in the model, should be 
employed.  Substitutions for missing data should only be made in order to complete the 
data set for modeling applications, and should not be used to attain the “regulatory 
completeness” requirement of 90%. That is, the meteorological data base must be 
90% complete on a monthly basis (before substitution) in order to be acceptable for use 
in air dispersion modeling. The use of any data substitution technique should be 
thoroughly documented to provide the District or reviewing authority with all the 
information necessary to determine its approvability. 
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If the recommended methods for addressing missing meteorological data cannot be 
achieved as described, then alternative approaches should be discussed and 
developed in conjunction with the District or reviewing authority. 

4.8.4 Representativeness of Meteorological Data 

The atmospheric dispersion characteristics at an emission source need to be evaluated 
to determine if the collected meteorological data can be used to adequately represent 
atmospheric dispersion for the project. 

Such determinations are required when the available meteorological data are acquired 
at a location other than that of the proposed source. In some instances, even though 
meteorological data are acquired at the location of the pollutant source, they still may 
not correctly characterize the important atmospheric dispersion conditions. 

Considerations of representativeness are always made in atmospheric dispersion 
modeling whether the data base is "on-site" or "off-site." These considerations call for 
the judgment of a meteorologist or an equivalent professional with expertise in 
atmospheric dispersion modeling. If in doubt, the District should be consulted. 

4.8.4.1 Spatial Dependence 

The location where the meteorological data are acquired should be compared to the 
source location for similarity of terrain features.  For example, in complex terrain, the 
following considerations should be addressed in consultation with the District: 

 Aspect ratio of terrain, i.e., ratio of:

o Height of valley walls to width of valley;
o Height of ridge to length of ridge; and
o Height of isolated hill to width of hill at its base

 Slope of terrain

 Ratio of terrain height to stack/plume height

 Distance of source from terrain (i.e., how close to valley wall, ridge, isolated hill)

 Correlation of terrain feature to prevailing meteorological conditions

Likewise, if the source is located on a plateau or plain, the source of meteorological 
data used should be from a similar plateau or plain. 

Judgments of representativeness should be made only when sites are climatologically 
similar.  Sites in nearby, but different air sheds, often exhibit different weather patterns. 
For instance, meteorological data acquired along a shoreline are not normally 
representative of inland sites and vice versa. 
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Meteorological data collected need to be examined to determine if drainage, transition, 
and synoptic flow patterns are characteristics of the source, especially those critical to 
the regulatory application.  Consideration of orientation, temperature, and ground cover 
should be included in the review. 

An important aspect of space dependence is height above the ground. Where practical, 
meteorological data should be acquired at the release height, as well as above or 
below, depending on the buoyancy of the source's emissions.  AERMOD at a minimum 
requires wind observations at a height above ground between seven times the local 
surface roughness height and 100 meters. 

4.8.4.2 Temporal Dependence 

To be representative, meteorological data must be of sufficient duration to define the 
range of sequential atmospheric conditions anticipated at a site.  As a minimum, one full 
year of on-site meteorological data is necessary to prescribe this time series.  Multiple 
years of data are used to describe variations in annual and short-term impacts. 
Consecutive years from the most recent, readily available 5-year period are preferred to 
represent these yearly variations. 

4.8.4.3 Further Considerations 

It may be necessary to recognize the non-homogeneity of meteorological variables in 
the air mass in which pollutants disperse. This non-homogeneity may be essential in 
correctly describing the dispersion phenomena. Therefore, measurements of 
meteorological variables at multiple locations and heights may be required to correctly 
represent these meteorological fields.  Such measurements are generally required in 
complex terrain or near large land-water body interfaces. 

It is important to recognize that, although certain meteorological variables may be 
considered unrepresentative of another site (for instance, wind direction or wind speed), 
other variables may be representative (such as temperature, dew point, cloud cover). 
Exclusion of one variable does not necessarily exclude all.  For instance, one can argue 
that weather observations made at different locations are likely to be similar if the 
observers at each location are within sight of one another - a stronger argument can be 
made for some types of observations (e.g., cloud cover) than others.  Although by no 
means a sufficient condition, the fact that two observers can “see” one another supports 
a conclusion that they would observe similar weather conditions. 

Other factors affecting representativeness include change in surface roughness, 
topography and atmospheric stability.  Currently there are no established analytical or 
statistical techniques to determine representativeness of meteorological data.  The 
establishment and maintenance of an on-site data collection program generally fulfills 
the requirement for “representative” data.  If in doubt, the District should be consulted. 
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4.8.5 Alternative Meteorological Data Sources 

It is necessary, in the consideration of most air pollution problems, to obtain data on 
site-specific atmospheric dispersion. Frequently, an on-site measurement program 
must be initiated. As discussed in Section 4.8.3, representative off-site data may be 
used to substitute for missing periods of on-site data.  There are also situations where 
current or past meteorological records from a National Weather Service station may 
suffice. These considerations call for the judgment of a meteorologist or an equivalent 
professional with expertise in atmospheric dispersion modeling.  More information on 
Weather Stations including: National Weather Service (NWS), military observations, 
supplementary airways reporting stations, upper air and private networks, is provided in 
“On-Site Meteorological Program Guidance for Regulatory Modeling Applications” 
(U.S. EPA, 1995e). 

4.8.5.1 Recommendations 

On-site meteorological data should be processed to provide input data in a format 
consistent with the particular models being used. The input format for U.S. EPA short-
term regulatory models is defined in U.S. EPA’s MPRM.  The input format for AERMOD 
is defined in the AERMET meteorological pre-processor.  Processors are available on 
the SCRAM web site. The actual wind speeds should be coded on the original input 
data set. Wind speeds less than 1.0 m/s but above the instrument threshold should be 
set equal to 1.0 m/s by the preprocessor when used as input to Gaussian models.  Wind 
speeds below the instrument threshold of the cup or vane, whichever is greater, should 
be considered calm, and are identified in the preprocessed data file by a wind speed of 
1.0 m/s and a wind direction equal to the previous hour.  For input to AERMOD, no 
adjustment should be made to the site specific wind data. AERMOD can produce 
model estimates for conditions when the wind speed may be less than 1 m/s but still 
greater than the instrument threshold. 

If data are missing from the primary source, they should be handled as follows, in order 
of preference: (1) substitution of other representative on-site data; (2) linear 
interpolation of one or two missing hours; (3) substitution of representative off-site data; 
(4) use of a well-documented and justified imputation methodology; or (5) coding as a 
missing data field, according to the discussions in Section 4.8.3. The use of any data 
substitution technique should be thoroughly documented to provide the District or 
reviewing authority with all the information necessary to determine its approvability. 

If the data processing recommendations in this section cannot be achieved, then 
alternative approaches should be discussed and developed in conjunction with the 
District or reviewing authority. 

4.8.6 Quality Assurance and Control 

The purpose of quality assurance and maintenance is the generation of a representative 
amount (90% of hourly values for a year on a monthly basis) of valid data.  For more 
information on data validation consult reference U.S. EPA (1995e).  Maintenance may 

4-33
 



       

 

 
 

   
 

    

 

   
 

       
    
     
      
      
   
   
  
   

    

   
    
   

 

  

  
   

   
   

   
 

    
   

   
   

  
     
   

   
  

   

  

Air Toxics Hot Spots Program Guidance Manual February 2015 

be considered the physical activity necessary to keep the measurement system 
operating as it should.  Quality assurance is the management effort to achieve the goal 
of valid data through plans of action and documentation of compliance with the plans. 

Quality assurance (QA) will be most effective when following a QA Plan which has been 
signed-off by appropriate project or organizational authority.  The QA Plan should 
contain the following information (paraphrased and particularized to meteorology from 
Lockhart): 

1. Project description - how meteorology data are to be used
2. Project organization - how data validity is supported
3. QA objective - how QA will document validity claims
4. Calibration method and frequency - for data
5. Data flow - from samples to archived valid values
6. Validation and reporting methods - for data
7. Audits - performance and system
8. Preventive maintenance
9. Procedures to implement QA objectives - details
10. Management support - corrective action and reports

It is important for the person providing the quality assurance (QA) function to be 
independent of the organization responsible for the collection of the data and the 
maintenance of the measurement systems.  Ideally, the QA auditor works for a separate 
company. 

4.9 Model Selection 

There are several air dispersion models that can be used to estimate pollutant 
concentrations and new ones are likely to be developed.  U.S. EPA added AERMOD, 
which incorporates the PRIME downwash algorithm, to the list of preferred models in 
2005 as a replacement to ISCST3.  CalPuff was added in 2003. The latest version of 
the U.S. EPA recommended models can be found at the SCRAM Bulletin board located 
at http://www.epa.gov/scram001.  However, any model, whether a U.S. EPA guideline 
model or otherwise, must be approved for use by the local air district. Recommended 
models and guidelines for using alternative models are presented in this section. All air 
dispersion models used to estimate pollutant concentrations for risk assessment 
analyses must be in the public domain.  Classification according to terrain, source type 
and level of analysis is necessary before selecting a model (see Section 4.4).  The 
selection of averaging times in the modeling analysis is based on the health effects of 
concern. Annual average concentrations are required for an analysis of carcinogenic or 
other chronic effects. One-hour maximum concentrations are required for analysis of 
acute effects. 

4.9.1 Recommended Models 

Recommended air dispersion models to estimate concentrations for risk assessment 
analyses are generally referenced in US EPA’s Guideline on Air Quality Models 
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available at http://www.epa.gov/scram001.  Currently AERMOD is recommended for 
most refined risk assessments in flat or complex terrain and in rural or urban 
environments1.  In addition, CalPuff is available where spatial wind fields are highly 
variable or transport distances are large (e.g., 50 km).  AERSCREEN is a screening 
model based on AERMOD.  AERSCREEN can be used when representative 
meteorological data are unavailable. CTSCREEN is available for screening risk 
assessments in complex terrain. The most current version of the models should be 
used for risk assessment analysis.  Some facilities may also require models capable of 
special circumstances such as dispersion near coastal areas. For more information on 
modeling special cases see Sections 4.12 and 4.13. 

Most air dispersion models contain provisions that allow the user to select among 
alternative algorithms to calculate pollutant concentrations. Only some of these 
algorithms are approved for regulatory application such as the preparation of health risk 
assessments. The sections in this guideline that provide a description of each 
recommended model contain information on the specific switches and/or algorithms that 
must be selected for regulatory application. 

To further facilitate the model selection, the District should be consulted for additional 
recommendations on the appropriate model(s) or a protocol submitted for District review 
and approval (see Section 4.14.1). 

4.9.2 Alternative Models 

Alternative models are acceptable if applicability is demonstrated or if they produce 
results identical or superior to those obtained using one of the preferred models 
referenced in Section 4.9.1.  For more information on the applicability of alternative 
models refer to the following documents: 

 U.S. EPA (2005). “Guideline on Air Quality Models” Section 3.2.2 
 U.S. EPA (1992). “Protocol for Determining the Best Performing Model” 
 U.S. EPA (1985a). “Interim Procedures for Evaluating Air Quality Models – 

Experience with Implementation” 
 U.S. EPA (1984b). “Interim Procedures for Evaluating Air Quality Models

(Revised)” 

4.10 Screening Air Dispersion Models 

A screening model may be used to provide a maximum concentration that is biased 
toward overestimation of public exposure.  Use of screening models in place of refined 
modeling procedures is optional unless the District specifically requires the use of a 
refined model.  Screening models are normally used when no representative 
meteorological data are available and may be used as a preliminary estimate to 
determine if a more detailed assessment is warranted. 

1 AERMOD was promulgated by U.S. EPA as a replacement to ISCST3 on November 9, 2006. 
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Some screening models provide only 1-hour average concentration estimates. Other 
averaging periods can be estimated based on the maximum 1-hour average 
concentration in consultation and approval of the responsible air district.  Because of 
variations in local meteorology, the exact factor selected may vary from one district to 
another.  Table 4.2 provides guidance on the range and typical values applied. The 
conversion factors are designed to bias predicted longer term averaging periods 
towards overestimation. 

Table 4.2 Recommended Factors to Convert Maximum 1-hour Avg. 
Concentrations to Other Averaging Periods (U.S. EPA, 2011, 1995a; 
ARB, 1994). 

Averaging Time Range Typical SCREEN3 AERSCREEN 
Recommended Recommended 

3 hours 0.8 - 1.0 0.9 1.0 
8 hours 0.5 - 0.9 0.7 0.9 
24 hours 0.2 - 0.6 0.4 0.6 
30 days 0.2 - 0.3 0.3 
Annual 0.06 - 0.1 0.08 0.1 

AERSCREEN automatically provides the converted concentration for longer than 1-hour 
averaging periods.  For area sources, the AERSCREEN 3, 8, and 24-hour average 
concentration are equal to the 1-hour concentration.  No annual average concentration 
is calculated. SCREEN3 values are shown for comparison purposes. 

4.10.1 AERSCREEN 

The AERSCREEN (U.S. EPA, 2011) model is now available and should be used in lieu 
of SCREEN3 with approval of the local District. AERSCREEN is a screening level air 
quality model based on AERMOD. AERSCREEN does not require the gathering of 
hourly meteorological data.  Rather, AERSCREEN requires the use of the MAKEMET 
program which generates a site specific matrix of meteorological conditions for input to 
the AERMOD model. MAKEMET generates a matrix of meteorological conditions 
based on local surface characteristics, ambient temperatures, minimum wind speed, 
and anemometer height. 

AERSCREEN is currently limited to modeling a single point, capped stack, horizontal 
stack, rectangular area, circular area, flare, or volume source.  More than one source 
may be modeled by consolidating the emissions into one emission source. 
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4.10.2 Valley Screening 

The Valley model is designed to simulate a specific worst-case condition in complex 
terrain, namely that of a plume impaction on terrain under stable atmospheric 
conditions. The algorithms of the VALLEY model are included in other models such as 
SCREEN3 and their use is recommended in place of the VALLEY model.  The 
usefulness of the VALLEY model and its algorithms is limited to pollutants for which only 
long-term average concentrations are required.  For more information on the Valley 
model consult the user’s guide (Burt, 1977). 

4.10.2.1 Regulatory Options 

Regulatory application of the Valley model requires the setting of the following values 
during a model run: 

 Class F Stability (rural) and Class E Stability (urban)
 Wind Speed = 2.5 m/s
 6 hours of occurrence of a single wind direction (not exceeding a 22.5 deg

sector)
 2.6 stable plume rise factor

4.10.3 CTSCREEN 

The CTSCREEN model (Perry et al., 1990) is the screening mode of the Complex 
Terrain Dispersion Model (CTDMPLUS).  CTSCREEN can be used to model single 
point sources only.  It may be used in a screening mode for multiple sources on a case 
by case basis in consultation with the District. CTSCREEN is designed to provide 
conservative, yet theoretically sounder, worst-case 1-hour concentration estimates for 
receptors located on terrain above stack height. Internally-coded time-scaling factors 
are applied to obtain other averages (see Table 4.3). These factors were developed by 
comparing the results of simulations between CTSCREEN and CTDMPLUS for a 
variety of scenarios and provide conservative estimates (Perry et al., 1990).  
CTSCREEN produces identical results as CTDMPLUS if the same meteorology is used 
in both models.  CTSCREEN accounts for the three-dimensional nature of the plume 
and terrain interaction and requires detailed terrain data representative of the modeling 
domain.  A summary of the input parameters required to run CTSCREEN is given in 
Table 4.4. The input parameters are provided in three separate text files. The terrain 
topography file (TERRAIN) and the receptor information file (RECEPTOR) may be 
generated with a preprocessor that is included in the CTSCREEN package.  In order to 
generate the terrain topography file the analyst must have digitized contour information. 
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Table 4.3 Time-scaling factors internally coded in CTSCREEN
 

Averaging Period Scaling Factor 

3 hours 0.7 
24 hour 0.15 
Annual 0.03 

Table 4.4 Input Parameters Required to Run CTSCREEN
 

Parameter File 

Miscellaneous program switches CTDM.IN 
Site Latitude and Longitude (degrees) CTDM.IN 
Site TIME ZONE CTDM.IN 
Meteorology Tower Coordinates (user CTDM.IN 
units) 
Source Coordinates: x and y (user CTDM.IN 
units) 
Source Base Elevation (user units) CTDM.IN 
Stack Height (m) CTDM.IN 
Stack Diameter (m) CTDM.IN 
Stack Gas Temperature (K) CTDM.IN 
Stack Gas Exit Velocity (m/s) CTDM.IN 
Emission Rate (g/s) CTDM.IN 
Surface Roughness for each Hill (m) CTDM.IN 
Meteorology: Wind Direction (optional) CTDM.IN 
Terrain Topography TERRAIN 
Receptor Information (coordinates and RECEPTOR 
associated hill number) 

4-38
 



       

 

 
 

   

  
  

  
   

  

 
 

  
     

  
    

    
  

    
 

    
    

  
 

   

  
       

 
 

   
  
     
  

 

   

  

  
  

 
 

Air Toxics Hot Spots Program Guidance Manual	 February 2015 

4.11 Refined Air Dispersion Models 

Refined air dispersion models are designed to provide more representative 
concentration estimates than screening models.  In general, the algorithms of refined 
models are more robust and have the capability to account for site-specific 
meteorological conditions. For more information regarding general aspects of model 
selection see Section 4.9. 

4.11.1 AERMOD 

For a wide variety of applications in all types of terrain, the recommended model is 
AERMOD.  AERMOD is a steady-state plume dispersion model for assessment of 
pollutant concentrations from a variety of sources.  AERMOD simulates transport and 
dispersion from multiple point, area, or volume sources based on an up-to-date 
characterization of the atmospheric boundary layer.  Sources may be located in rural or 
urban areas and receptors may be located in simple or complex terrain. AERMOD 
accounts for building wake effects (i.e., plume downwash) based on the PRIME building 
downwash algorithms.  The model employs hourly sequential preprocessed 
meteorological data to estimate concentrations for averaging times from one hour to 
one year (also multiple years).  AERMOD is designed to operate in concert with two 
pre-processor codes: AERMET processes meteorological data for input to AERMOD, 
and AERMAP processes terrain elevation data and generates receptor information for 
input to AERMOD.  Guidance on input requirements may be found in the AERMOD 
Users Guide. 

4.11.1.1 Regulatory Options 

U.S. EPA regulatory application of AERMOD requires the selection of specific switches 
(i.e., algorithms) during a model run. All the regulatory options can be set by selecting 
the DFAULT keyword.  The U.S. EPA regulatory options, automatically selected when 
the DFAULT keyword is used, are: 

 Stack-tip downwash
 Incorporates the effects of elevated terrain
 Includes calms and missing data processing routines
 Does not allow for exponential decay for applications other than a 4-hour half life

for SO2

Additional information on these options is available in the AERMOD User’s Guide. 

4.11.1.2 Special Cases 

a.	 Building Downwash:
AERMOD automatically determines if the plume is affected by the wake region of
buildings when their dimensions are given.  The specification of building
dimensions does not necessarily mean that there will be downwash.  See
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Section 4.13.1 for guidance on how to determine when downwash is likely to 
occur. 

b.	 Area Sources: 
The area source algorithm in AERMOD estimates source emission strength by 
integrating an area upwind of the receptor location. Receptors may be placed 
within the area itself, downwind of the area or adjacent to the area. However, 
since the vertical distribution parameter (z) goes to zero as the downwind 
distance goes to zero, the plume function solution is infinite for a downwind 
receptor distance of zero.  In order to avoid such singularity in the plume function 
solution, the AERMOD model arbitrarily sets the plume function to zero when the 
receptor distance is less than one meter.  As a result, the area source algorithm 
will not provide reliable solutions for receptors located within or adjacent to very 
small areas, with dimensions on the order of a few meters across. In these 
cases, the receptor should be placed at least one meter outside of the area. 

c.	 Volume Sources: 
The volume source algorithms in AERMOD require an estimate of the initial 
distribution of the emission source. The initial distribution of emissions for a 
volume source is in the horizontal and vertical directions. When modeling 
volume source emissions, one needs to provide initial horizontal (y0) and vertical 
(z0) dimensions as accurate as possible so that pollutant buoyancy and 
dispersion are also calculated accurately.  US EPA’s AERMOD User Guide 
provides suggested procedures to estimate these initial dimensions based on 
source type (Table 3-1) (U.S. EPA, 2004a). 

d.	 Line Sources: 
Examples of line sources include conveyor belts or roads.  Depending on the 
source, these can be modeled three ways; as a line source, as a series of 
volume sources, or as an elongated area source. Where the emission source is 
neutrally buoyant, such as a conveyor belt, AERMOD can be used according to 
the user guide. In the event that the line source is a roadway, then additional 
considerations are required. 

At the present time, CALINE (CALINE3, CAL3QHCR, and CALINE4) is the only 
model dedicated to modeling the enhanced mechanical and thermal turbulence 
created by motor vehicles traveling on a roadway.  Of these, CAL3QHCR is the 
only model that accepts hourly meteorological data and can estimate annual 
average concentrations.  However, CALINE uses the Pasquill-Gifford stability 
categories which are used in the ISCST model.  AERMOD is now the preferred 
plume model over ISCST3 with continuous plume dispersion calculations based 
on observations but AERMOD does not include the enhanced roadway 
turbulence. Therefore, in the case where roadway emissions dominate the risk 
assessment, it may be most important to simulate the enhanced thermal and 
mechanical turbulence from motor vehicles with the CAL3QHCR model.  
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In the case where roadway emissions are a subset of all emissions for the risk 
assessment, including roadway emissions along with facility emissions, it may be 
best to use AERMOD for all emissions, roadway and facility, in order to maintain 
continuity with one dispersion model for the risk assessment. If AERMOD is 
used, it is important to consider that a major freeway may act similar to a large 
building which can cause some mixing and therefore initial vertical dispersion. 
This dispersion could be estimated with sensitivity studies based on wind speed, 
wind angle, roadway orientation, roadway width, and etc. This could be a 
complex estimation and needs very adept modeling skills. Roadway modeling 
should be evaluated on a case-by-case basis in consultation with the District or 
the reviewing authority. 

Line sources inputs include a composite fleetwide emission factor, roadway 
geometry, hourly vehicle activity (i.e., diurnal vehicle per hour pattern), hourly 
meteorological data, and receptor placement. For practical information on how to 
simulate roadway emissions using these models, see CAPCOA’s website at 
http://www.capcoa.org or the Sacramento Metropolitan AQMD (SMAQMD) 
website at http://www.airquality.org/ceqa/RoadwayProtocol.shtml. The 
SMAQMD has a document titled, “Recommended Protocol for Evaluating the 
Location of Sensitive Land Uses Adjacent to Major Roadways”(January, 2010). 

e.	 Complex Terrain:
AERMOD uses the Dividing Streamline (Hc) concept for complex terrain. Above
Hc, the plume is assumed to be “terrain following” in the convective boundary 
layer.  Below Hc, the plume is assumed to be “terrain impacting” in the stable
boundary layer.  AERMOD computes the concentration at any receptor as a
weighted function between the two plume states (U.S. EPA, 2004b).

f.	 Deposition:
AERMOD contains algorithms to model settling and deposition and requires
additional information to do so including particle size distribution. For more
information consult the AERMOD User’s Guide (U.S. EPA, 2004a). 

g.	 Diurnal Considerations:
Systematic diurnal changes in atmospheric conditions are expected along the
coast (or any large body of water) or in substantially hilly terrain. The wind speed
and direction are highly dependent on time of day as the sun rises and begins to
heat the Earth. The sun heats the surface of the land faster than the water
surface. Therefore the air above the land warms up sooner than over water.
This creates a buoyant effect of warm air rising over land and the cool air from
over water moves in to fill the void. Near large bodies of water (e.g., the ocean)
this is known as a sea breeze.  In complex terrain this is known as upslope flow
as the hot air follows the terrain upwards. When the sun sets and the surface of
the land begins to cool, the air above also cools and creates a draining effect.
Near the water this is the land breeze; in complex terrain this is known as
downslope or drainage flow.  In addition, for the sea breeze, the atmospheric
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conditions change rapidly from neutral or stable conditions over water to unstable 
conditions over land. 

Near the large bodies of water the sea breeze is typical in the afternoon and the 
land breeze is typical for the early morning before sunrise.  In complex terrain 
upslope flow is typical in the afternoon, while drainage flow is typical at night. 
Diurnal profiles need to be evaluated in conjunction with the facility emissions 
since sources can have varied emission profiles (e.g., some sources are 
continuously emitting while others are intermittent).  These intermittent emission 
profiles may be influenced by diurnal patterns; therefore, they need to be 
evaluated to properly estimate potential exposures. For these reasons, it is 
especially important to simulate facility emissions with a hourly diurnal pattern 
reflective of source activity so that the risk assessment is representative of daily 
conditions. 

h.	 8-hour Modeling for the Offsite Worker’s Exposure and Residential Exposure: 
If the ground level air concentrations from a facility operating 5 days a 
week, 8 hours per day have been estimated by a 24 hour per day annual 
average, an adjustment factor can be applied to estimate the air concentration 
that an offsite worker with the same schedule would be exposed to. The 24-hour 
annual average concentration is multiplied times 4.2. 

If the meteorology during the time that the facility is emitting is used, hourly 
model simulations need to be post-processed to cull out the data needed for the 
offsite worker exposure.  See Appendix M for information on how to calculate the 
refined offsite worker concentrations using the hourly raw results from the 
AERMOD air dispersion model. For more discussion on worker exposure, see 
Section 4.8.1. 

Eight-hour exposure modeling can be used to evaluate the potential for health 
impacts (including effects of repeated exposures) in children and teachers 
exposed during school hours.  Although not required in the HRA, 8-hour 
exposure modeling could also be performed at the discretion of the District to a 
residential scenario (i.e., the MEIR) where a facility operates only a portion of the 
day and exposure to residences are not adequately reflected by averaging 
concentrations over a 24 hour day. 

4.11.1.3 HARP Dispersion Analysis 

It is highly recommended that air dispersion analysis be performed using the HARP 
software.  HARP can perform refined dispersion analysis by utilizing the U.S. EPA 
standard program AERMOD.  In the future, the updated version of HARP will link the 
AERMOD outputs with risk assessment modules. 

4.11.2 CTDMPLUS 

CTDMPLUS is a Gaussian air quality model for use in all stability conditions in complex 
terrain. In comparison with other models, CTDMPLUS requires considerably more 
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detailed meteorological data and terrain information that must be supplied using 
specifically designed preprocessors. CTDMPLUS was designed to handle up to 
40 point sources. 

4.12 Modeling to Obtain Concentrations used for Various Health Impacts 

The following section outlines how emissions and air dispersion modeling results are 
used or adjusted for a receptor that is exposed to either a non-continuous or 
continuously emitting source. 

4.12.1 Emission Rates for Cancer, Chronic, and Acute Health Impacts 

As discussed in Section 4.2.1.1, the HRA should include both annual average 
emissions and maximum 1-hour emissions for each pollutant emitted by the facility. 
Maximum 1-hour emissions are used for acute noncancer health impacts while annual 
emissions are used for chronic exposures (i.e., chronic and 8-hour noncancer health 
impacts or cancer risk assessment). When applying the emission rates in the air 
dispersion analysis, it is important not to artificially inflate or deplete the reported 
emission inventory. 

For annual average emissions, the emissions are spread evenly over the entire year for 
continuous emitting sources. However, for sources where the emission patterns vary 
(i.e., non-continuous emitting sources), the emission rate should also account for the 
facility’s emission schedule.  If appropriate, the variable emissions rate option 
(e.g., hour-of-day) should be used in the air dispersion analysis.  For more information 
consult the AERMOD User’s Guide (U.S. EPA, 2004a). Also, when calculating 
emission rates for acute health impacts, it is important the emission rates never exceed 
the reported maximum 1-hour emissions. 

4.12.2 Modeling and Adjustments for Inhalation Cancer Risk at a Worksite 

Modeled long-term averages are typically used for cancer risk assessments for 
residents and workers.  In an inhalation cancer risk assessment for an offsite worker, 
the long-term average should represent what the worker breathes during their work 
shift. However, the long-term averages calculated from AERMOD typically represent 
exposures for receptors that were present 24 hours a day and seven days per week 
(i.e., the schedule of a residential receptor). To estimate the offsite worker’s 
concentration, there are two approaches. The more refined, complex, and time 
consuming approach is to post-process the hourly raw dispersion model output and 
examine the hourly concentrations that fall within the offsite worker’s shift. See 
Appendix M for information on how to simulate the long-term concentration for the 
offsite worker that can be used to estimate inhalation cancer risk.  

In lieu of post-processing the hourly dispersion model output, the more typical approach 
is to obtain the long-term average concentration as you would for modeling a residential 
receptor and approximate the worker’s inhalation exposure using an adjustment factor. 
The actual adjustment factor that is used to adjust the concentration may differ from the 
example below based on the specifics of the source and worker receptor 
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(e.g., work-shift overlap).  Once the worker’s inhalation concentration is determined, the 
inhalation dose is calculated using additional exposure frequency and duration 
adjustments. See Chapter 5 for more information on the inhalation dose equation. 

4.12.2.1 Non-Continuous Sources 

When modeling a non-continuously emitting source (e.g., operating for eight hours per 
day and five days per week), the modeled long-term average concentrations are based 
on 24 hours a day and seven days per week for the period of the meteorological data 
set. Even though the emitting source is modeled using a non-continuous emissions 
schedule, the long-term concentration is still based on 24 hours a day and seven days 
per week. Thus, this concentration includes the zero hours when the source was not 
operating.  For the offsite worker inhalation risk, we want to determine the long-term 
concentration the worker is breathing during their work shift. Therefore, the long-term 
concentration needs to be adjusted so it is based only on the hours when the worker is 
present.  For example, assuming the emitting source and worker’s schedules are the 
same, the adjustment factor is 4.2 = (24 hours per day/8 hours per shift)x(7 days in a 
week/5 days in a work week).  In this example, the long term residential exposure is 
adjusted upward to represent the exposure to a worker.  Additional concentration 
adjustments may be appropriate depending on the work shift overlap. These 
adjustments are discussed below. 

The calculation of the adjustment factor from a non-continuous emitting source is 
summarized in the following steps. 

a.	 Obtain the long-term concentrations from air dispersion modeling as is
typical for residential receptors (all hours of a year for the entire period of
the meteorological data set).

b.	 Determine the coincident hours per day and days per week between the
source’s emission schedule and the offsite worker’s schedule. 

c.	 Calculate the worker adjustment factor (WAF) using Equation 4.1. When
assessing inhalation cancer health impacts, a discount factor (DF) may
also be applied if the offsite worker’s schedule partially overlaps with the 
source’s emission schedule. The discount factor is based on the number
of coincident hours per day and days per week between the source’s 
emission schedule and the offsite worker’s schedule (see Equation 4.2).
The DF is always less than or equal to one.

Please note that worker adjustment factor does not apply if the source’s emission 
schedule and the offsite worker’s schedule do not overlap.  Since the worker is not 
present during the time that the source is emitting, the worker is not exposed to the 
source’s emission (i.e., the DF in Equation 4.2 becomes 0). 

DF
D

D

H

H
WAF

source

lresidentia

source

lresidentia
 Eq. 4.1 
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Where: 
WAF = the worker adjustment factor 
Hresidential= the number of hours per day the long-term residential concentration is based 
on (always 24 hours) 
H source = the number of hours the source operates per day 
Dresidential = the number of days per week the long-term residential concentration is based 
on (always 7 days) 
D source= the number of days the source operates per week 
DF = a discount factor for when the offsite worker’s schedule partially overlaps the 
source’s emission schedule.  Use 1 if the offsite worker’s schedule occurs within the 
source’s emission schedule.  If the offsite worker’s schedule partially overlaps with the 
source’s emission schedule, then calculate the discount factor using Equation 4.2 below. 

worker

coincident

worker

coincident

D

D

H

H
DF  Eq. 4.2 

Where:
 
DF = the discount factor for assessing cancer impacts
 
H coincident = the number of hours per day the offsite worker’s schedule and the source’s 
emission schedule overlap 
D coincident= the number of days per week the offsite worker’s schedule and the source’s 
emission schedule overlap 
H worker = the number of hours the offsite worker works per day 
D worker= the number of days the offsite worker works per week 

d.	 The final step is to estimate the offsite worker’s inhalation concentration by 
multiplying the worker adjustment factor with the long-term residential 
concentration. The worker’s concentration is then plugged into the dose 
equation and risk calculation. 

The HARP software has the ability to calculate worker impacts using an approximation 
factor and, in the future, it will have the ability to post-process refined worker 
concentrations using the hourly raw results from an air dispersion analysis. 

4.12.2.2 Continuous Sources 

If the source is continuously emitting, then the worker is assumed to breathe the 
long-term annual average concentration during their work shift.  Equation 4.1 becomes 
one and no concentration adjustments are necessary in this situation when estimating 
the inhalation cancer risk.  Note however, if an assessor does not wish to apply the 
assumption the worker breathes the long-term annual average concentration during the 
work shift, then a refined concentration can be post-processed as described in 
Appendix M.  All alternative assumptions should be approved by the reviewing authority 
and supported in the presentation of results. 

4.12.3 Modeling and Adjustments for Noncancer 8-Hour RELs 

For 8-hour noncancer health impacts, we evaluate if the receptor (e.g., worker or 
resident) is exposed to an 8 hour average concentration, occurring daily, that exceeds 
the 8-hour REL. The 8 hour RELs were derived primarily for the offsite worker scenario. 
Although not required in an HRA, residential receptors can be evaluated with an 8-hour 
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REL at the discretion of the District or Reviewing authority. For ease, we use a worker 
receptor in this discussion and in the discussion below for a non-continuously emitting 
source. The daily average concentration is intended to represent the long-term average 
concentration the worker is breathing during the work shift.  In general, there are two 
approaches for estimating the concentration used for the 8-hour hazard index.  The 
more refined, complex, and time consuming approach is to post-process the hourly 
dispersion model output and use only the hourly concentrations that are coincident with 
the offsite worker hours to obtain the long-term concentration.  See Appendix M for 
information on how to simulate the daily average concentration through air dispersion 
modeling. 

Before proceeding through a refined analysis described in Appendix M, the assessor 
may wish to approximate the long-term concentration, as described below, and 
calculate the 8-hour hazard index.  In lieu of post-processing the hourly dispersion 
model output described in Appendix M, the more typical approach is to obtain the 
long-term average concentration as you would for modeling a residential receptor and 
approximate the worker’s inhalation concentration using an adjustment factor. The 
method for applying the adjustment factor is described in the section below. 

The results from the 8-hour hazard index calculations should not be combined with the 
chronic or acute hazard indices. Each of the potential noncancer health impacts should 
be reported independently.  See Chapter 8 for more discussion on calculating health 
impacts. 

4.12.3.1 Non-Continuous Sources 

When modeling a non-continuously emitting source (e.g., operating for eight hours per 
day and five days per week), the modeled long-term average concentrations are based 
on 24 hours a day and seven days per week for the period of the meteorological data 
set. Even though the emitting source is modeled using a non-continuous emissions 
schedule, the long-term concentration is still based on 24 hours a day and seven days 
per week. Thus, this concentration includes the zero hours when the source was not 
operating.  For the offsite worker 8-hour hazard index, we want to determine the 
long-term average daily concentration the worker may be breathing during their work 
shift. This is similar to the cancer approximation adjustment method with one 
difference; there is no adjustment for partial overlap between the worker’s schedule and 
the source’s emission schedule. The reason for this difference in methodology is 
because the 8-hour REL health factors are designed for repeated 8-hour exposures and 
cannot readily be adjusted to other durations of exposure. The 8-hour RELs should be 
used for typical daily work shifts of 8-9 hours.  For further questions, assessors should 
contact OEHHA, the District, or reviewing authority to determine if the 8-hour RELs 
should be used in your HRA. Any discussions or directions to exclude the 8-hour REL 
evaluation should be documented in the HRA. 

When calculating the long-term average daily concentration for the 8-hour REL 
comparison, the long-term residential concentration needs to be adjusted so it is based 
only on the operating hours of the emitting source with the assumption the offsite 
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worker’s shift falls within the emitting source’s schedule.  For example, assuming the 
emitting source operates 8 hours per day, 5 days per week and the offsite worker’s 
schedules falls anywhere within this period of emissions, then the adjustment factor is 
4.2 = (24 hours per day/8 hours of emissions per day)x(7 days in a week/5 days of 
emissions per week).  In this example, the long term residential exposure is adjusted 
upward to represent the 8-hour exposure to a worker.  No adjustments are applied for 
partial work shift overlap with the emitting source. If the source emits at night, then see 
Appendix N for additional recommendations. 

Using the approximation factor is a screening method.  If the 8-hour hazard index is 
above a threshold of concern with this method, the district or assessor should contact 
OEHHA for further guidance regarding the substance of concern.  If necessary, further 
evaluation can be performed using the refined daily average modeling methodology 
discussed in Appendix M. 

The calculation of the adjustment factor from a non-continuous emitting source is 
summarized in the following steps. 

b.	 Obtain the long-term concentrations from air dispersion modeling as is typical
for residential receptors (all hours of a year for the entire period of the
meteorological data set).

c.	 Calculate the worker adjustment factor (WAF) using Equation 4.3. The
source’s emission schedule is assumed to overlap offsite worker’s schedule. 
Note that the worker adjustment factor and the 8-hour inhalation REL do not
apply if the source’s emission schedule and the offsite worker’s schedule do 
not overlap at some point.

source

lresidentia

source

lresidentia

D

D

H

H
WAF  Eq. 4.3 

Where: 

WAF = the worker adjustment factor 
Hresidential= the number of hours per day the long-term residential concentration is 
based on (always 24 hours) 
H source = the number of hours the source operates per day 
Dresidential = the number of days per week the long-term residential concentration 
is based on (always 7 days). 
D source= the number of days the source operates per week. 

d.	 The final step is to estimate the offsite worker’s daily average inhalation 
concentration by multiplying the WAF with the long-term residential
concentration. The worker’s concentration is then used to calculate the 
8-hour hazard index. This method using the approximation factor is a
screening method.  If the 8-hour hazard index is above a threshold of
concern, the district or assessor should contact OEHHA for further guidance
regarding the substance of concern.
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In the future, the HARP software will have the ability to use 8-hour RELs, calculate 
worker impacts using an approximation factor, and to post-process worker 
concentrations using the hourly raw results from an air dispersion analysis. 

4.12.3.2 Continuous Sources 

If the source is continuously emitting, then the worker is assumed to breathe the 
long-term annual average concentration during their work shift and no concentration 
adjustments are made when estimating 8-hour health impacts. Note however, if an 
assessor does not wish to assume the worker breathes the long-term annual average 
concentration during the work shift, then a refined concentration can be post-processed 
as described in Appendix M.  All alternative assumptions should be approved by the 
reviewing authority and supported in the presentation of results. 

Note that 8-hour RELs are not typically used for continuously emitting sources for 
residential receptors. In this situation it is only necessary to estimate a chronic Hazard 
Index using the annual average concentrations and chronic RELs.  However, there may 
be situations where the District may wish to assess an 8-hour Hazard Index, for 
example, where there are significant differences in modeled concentration of emissions 
during the day due to diurnal wind patterns. 

4.12.4 Modeling and Adjustment Factors for Noncancer Chronic RELs 

Potential chronic noncancer health impacts use the long-term annual average 
concentration regardless of the emitting facility’s schedule. No adjustment factors 
should be used to adjust this concentration. Chronic RELs are used to assess not only 
residential health impacts, but in many cases worker health impacts as well.  There are 
currently only a limited number of substances with an 8-hour inhalation REL, and a 
facility may emit only, or mostly, substances that currently have just a chronic REL. 
Until there are 8-hour RELs for all the Hot Spots substances emitted from a specified 
facility, we recommend determining the chronic HI for the MEIW to adequately protect 
the offsite worker.  

The results from the chronic hazard index calculations are not combined with the 8-hour 
or acute hazard indices.  All potential noncancer results should be reported 
independently. See Chapter 8 for more discussion on calculating health impacts. 

4.12.5 Modeling and Adjustments for Oral Cancer Potencies and Oral RELs 

When estimating the cancer risk or noncancer health impacts from noninhalation 
pathways, no adjustment is made to the long-term annual average concentration 
regardless of the emitting facility’s schedule. Since the media (e.g., soil) at the receptor 
location where deposition takes place for noninhalation pathways is continuously 
present, the concentrations used for all noninhalation pathways are not adjusted (up or 
down) by an adjustment factor.  However, some adjustments are made to the 
concentration once the pollutants reach the media, for example, pollutants undergo 
decay in soils. In addition, when the dose for each pathway is calculated, exposure 
adjustments may also be made. See Chapter 5 of this document and the Technical 
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Support Document for Exposure Assessment and Stochastic Analysis (OEHHA, 2012) 
to get more information on these types of adjustments. Oral cancer potencies and oral 
RELs are used to assess both residential or worker health impacts. 

4.12.6	 Modeling One-Hour Concentrations using Simple and Refined Acute 
Calculations 

Modeled one-hour concentrations are needed for the acute health hazard index 
calculations.  HARP has two methods to calculate this concentration: Simple and 
Refined.  As an aid to understanding the differences between Simple and Refined, 
Figure 2 shows three possible conditions showing how wind direction may vary and 
impact a downwind receptor (i,j) differently from just two sources (A and B).  

For the Simple calculation, HARP stores only the maximum one-hour concentration at 
each receptor (i,j) from each source (A and B) as the dispersion model marches down 
each hour of the simulation (e.g., one to five years of hourly data).  At the end of the 
simulation period, HARP reports back only the maximum impacts at each receptor from 
each source regardless of which hour of the simulation period this occurred.  For 
example, the Simple Maximum Acute Impacts would be the summation of Source A 
impacts from Wind Direction 1 and Source B impacts from Wind Direction 2 as shown in 
Figure 2. 

For the Refined simulation, HARP stores each hourly concentration at each receptor (i,j) 
from each source.  At the end of the simulation period, HARP evaluates the coincident 
impact at each receptor from all sources for each hour of the simulation period. In this 
case the maximum impacts will be identified by a particular hour of the period with 
associated wind speed, direction, and atmospheric conditions. For example, the 
Refined Maximum Acute impact from Sources A and B on receptor (i,j) could be from 
any wind direction (1,2, or 3) as shown in Figure 2. Since HARP stores all simulations 
for all sources – at all receptors – for all hours to calculate the refined impacts, there is 
great potential to fill large amounts of disk storage space. The Refined simulation 
provides a more representative picture of the maximum acute hazard index from a 
facility.  The Simple calculation will provide an upper bound to the acute hazard index. 
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Figure 2 Acute Scenarios
 

Source BSource A Source B Source BSource A Source A

Wind Direction 1 Wind Direction 2 Wind Direction 3

Receptor (i,j) Receptor (i,j) Receptor (i,j)

4.13 Modeling Special Cases; Specialized Models 

Special situations arise in modeling some sources that require considerable 
professional judgment; a few are outlined below.  It is recommended that the reader 
consider retaining professional consultation services if the procedures are unfamiliar. 
The following sections, taken mostly from the document “On-Site Meteorological 
Program Guidance for Regulatory Modeling Applications” (U.S. EPA, 1995e), provide 
general information on data formats and representativeness.  Some Districts may have 
slightly different recommendations from those given here. 

4.13.1 Building Downwash 

The entrainment of a plume in the wake of a building can result in the “downwash” of 
the plume to the ground. This effect can increase the maximum ground-level 
concentration downwind of the source. Therefore, stack sources must be evaluated to 
determine whether building downwash is a factor in the calculation of maximum ground-
level concentrations. 

The PRIME algorithm, included with AERMOD, has several advances in modeling 
building downwash effects including enhanced dispersion in the wake, reduced plume 
rise due to streamline deflection and increased turbulence, and continuous treatment of 
the near and far wakes (Schulman, 2000).  

Complicated situations involving more than one building may necessitate the use of the 
Building Profile Input Program (BPIP) which can be used to generate the building 
dimension section of the input file of the ISC models (U.S. EPA, 1993).  The BPIP 
program calculates each building’s direction-specific projected width. The Building 
Profile Input Program for PRIME (BPIPPRM) is the same as BPIP but includes an 
algorithm for calculating downwash values for input into the PRIME algorithm which is 
contained in such models as AERMOD. The input structure of BPIPPRM is the same 
as that of BPIP. 
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4.13.2 Deposition 

There are two types of deposition: wet deposition and dry deposition. Wet deposition is 
the incorporation of gases and particles into rain-, fog- or cloud water followed by a 
precipitation event and also rain scavenging of particles during a precipitation event. 
Wet deposition of gases is therefore more important for water soluble chemicals; 
particles (and hence particle-phase chemicals) are efficiently removed by precipitation 
events (Bidleman, 1988).  Dry deposition refers to the removal of gases and particles 
from the atmosphere. 

In the Air Toxics “Hot Spots” program, deposition is quantified for particle-bound 
pollutants and not gases. Wet deposition of water-soluble gas phase chemicals is thus 
not considered. When calculating pollutant mass deposited to surfaces without 
including depletion of pollutant mass from the plume, airborne concentrations remaining 
in the plume and deposition to surfaces can be overestimated, thereby resulting in 
overestimates of both the inhalation and multi-pathway risk estimates.  However, 
neglecting deposition in the air dispersion model, while accounting for it in the 
multipathway health risk assessment, is a conservative, health protective approach 
(CAPCOA, 1987; Croes, 1988).  Misapplication of plume depletion can also lead to 
possible underestimates of multi-pathway risk and for that reason no depletion is the 
default assumption.  If plume depletion is incorporated, then some consideration for 
possible resuspension is warranted.  An alternative modeling methodology accounting 
for plume depletion can be discussed with the Air District and used in an approved 
modeling protocol. 

Although not generally used, several air dispersion models can provide downwind 
concentration estimates that take into account the upwind deposition of pollutants to 
surfaces and the consequential reduction of mass remaining in the plume. Air 
dispersion models having deposition and plume depletion algorithms require particle 
distribution data that are not always readily available.  These variables include particle 
size, mass fraction, and density for input to AERMOD.  In addition, the meteorological 
fields need to include additional parameters including relative humidity, precipitation, 
cloud cover, and surface pressure.  Consequently, depletion of pollutant mass from the 
plume often is not taken into account. 

In conclusion, multipathway risk assessment analyses normally incorporate deposition 
to surfaces in a screening mode, specifically by assigning a default deposition velocity 
of 2 cm/s for controlled sources and 5 cm/s for uncontrolled sources in lieu of actual 
measured size distributions (ARB, 1989).  For particles (and particle-phase chemicals), 
the deposition velocity depends on particle size and is minimal for particles of diameter 
approximately 0.1-1 micrometer; smaller and larger particles are removed more rapidly. 

4.13.3 Short Duration Emissions 

Short-duration emissions (i.e., much less than an hour) require special consideration. In 
general, “puff models” provide a better characterization of the dispersion of pollutants 
having short-duration emissions.  Continuous Gaussian plume models have traditionally 
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been used for averaging periods as short as about 10 minutes and are not 
recommended for modeling sources having shorter continuous emission duration. 

4.13.4 Fumigation 

Fumigation occurs when a plume that was originally emitted into a stable layer in the 
atmosphere is mixed rapidly to ground-level when unstable air below the plume reaches 
plume level.  Fumigation can cause very high ground-level concentrations. Typical 
situations in which fumigation occurs are: 

•	 Breaking up of a nocturnal radiation inversion by solar warming of the ground 
surface (rising warm unstable air); note that the break-up of a nocturnal radiation 
inversion is a short-lived event and should be modeled accordingly. 

•	 Shoreline fumigation caused by advection of pollutants from a stable marine 
environment to an unstable inland environment 

•	 Advection of pollutants from a stable rural environment to a turbulent urban 
environment 

SCREEN3 incorporates concentrations due to inversion break-up and shoreline 
fumigation and is limited to maximum hourly evaluations. The Offshore and Coastal 
Dispersion Model incorporates overwater plume transport and dispersion as well as 
changes that occur as the plume crosses the shoreline – hourly meteorological data are 
needed from both offshore and onshore locations. 

4.13.5 Raincap on Stack 

The presence of a raincap or any obstacle at the top of the stack hinders the 
momentum of the exiting gas.  The extent of the effect is a function of the distance from 
the stack exit to the obstruction and of the dimensions and shape of the obstruction. 

On the conservative side, the stack could be modeled as having a non-zero, but 
negligible exiting velocity, effectively eliminating any momentum rise.  Such an 
approach would result in final plume heights closer to the ground and therefore higher 
concentrations nearby.  There are situations where such a procedure might lower the 
actual population-dose and a comparison with and without reduced exit velocity should 
be examined. 

Plume buoyancy is not strongly reduced by the occurrence of a raincap. Therefore, if 
the plume rise is dominated by buoyancy, it is not necessary to adjust the stack 
conditions.  (The air dispersion models determine plume rise by either buoyancy or 
momentum, whichever is greater.) 

The stack conditions should be modified when the plume rise is dominated by 
momentum and in the presence of a raincap or a horizontal stack. Sensitivity studies 
with the SCREEN3 model, on a case-by-case basis, can be used to determine whether 
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plume rise is dominated by buoyancy or momentum. The District should be consulted 
before applying these procedures. 

• Set exit velocity to 0.001 m/sec 
• Turn stack tip downwash off 
• Reduce stack height by 3 times the stack diameter 

Stack tip downwash is a function of stack diameter, exit velocity, and wind speed. The 
maximum stack tip downwash is limited to three times the stack diameter in the 
AERMOD air dispersion model. In the event of a horizontal stack, stack tip downwash 
should be turned off and no stack height adjustments should be made. Note: This 
approach may not be valid for large (several meter) diameter stacks. 

An alternative, more refined, approach could be considered for stack gas temperatures 
which are slightly above ambient (e.g., ten to twenty degrees Fahrenheit above 
ambient).  In this approach, the buoyancy and the volume of the plume remain constant 
and the momentum is minimized. 

• Turn stack tip downwash off 
• Reduce stack height by 3 times the stack diameter (3Do) 
• Set the stack diameter (Db) to a large value (e.g., 10 meters) 
• Set the stack velocity to Vb = Vo (Do/Db)2 

Where Vo and Do are the original stack velocity and diameter and Vb and Db are the 
alternative stack velocity and diameter for constant buoyancy.  This approach is 
advantageous when Db >> Do and Vb << Vo and should only be used with District 
approval. 

In the presence of building downwash and in the event that PRIME downwash is being 
utilized in AERMOD, an alternative approach is recommended. PRIME algorithms use 
the stack diameter to define initial plume radius and to solve conservation laws.  The 
user should input the actual stack diameter and exit temperature but set the exit velocity 
to a nominally low value (e.g., 0.001 m/s).  Also since PRIME does not explicitly 
consider stack-tip downwash, no adjustments to stack height should be made. 

Currently U.S. EPA is BETA testing options for capped and horizontal releases in 
AERMOD.  It is expected that these options will replace the above guidance when 
BETA testing is complete. 

4.13.6 Landfill Sites 

Landfills should be modeled as area sources. The possibility of non-uniform emission 
rates throughout the landfill area should be investigated.  A potential cause of 
non-uniform emission rates would be the existence of cracks or fissures in the landfill 
cap (where emissions may be much larger). If non-uniform emissions exist, the landfill 
should be modeled with several smaller areas assigning an appropriate emission factor 
to each one of them, especially if there are nearby receptors (distances on the same 
order as the dimensions of the landfill). 
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4.14 Specialized Models 

Some models have been developed for application to very specific conditions. 
Examples include models capable of simulating sources where both land and water 
surfaces affect the dispersion of pollutants and models designed to simulate emissions 
from specific industries. 

4.14.1 Buoyant Line and Point Source Dispersion Model (BLP) 

BLP is a Gaussian plume dispersion model designed for the unique modeling problems 
associated with aluminum reduction plants, and other industrial sources where plume 
rise and downwash effects from stationary line sources are important. 

4.14.1.1 Regulatory Application 

Regulatory application of BLP model requires the selection of the following options: 

	 rural (IRU=l) mixing height option;

	 default (no selection) for all of the following: plume rise wind shear (LSHEAR),
transitional point source plume rise (LTRANS), vertical potential temperature
gradient (DTHTA), vertical wind speed power law profile exponents (PEXP),
maximum variation in number of stability classes per hour (IDELS), pollutant
decay (DECFAC), the constant in Briggs' stable plume rise equation (CONST2),
constant in Briggs' neutral plume rise equation (CONST3), convergence criterion
for the line source calculations (CRIT), and maximum iterations allowed for line
source calculations (MAXIT); and

	 terrain option (TERAN) set equal to 0.0, 0.0, 0.0, 0.0, 0.0, 0.0.

For more information on the BLP model consult the user’s guide (Schulman and Scire, 
1980). 

4.14.2 Offshore and Coastal Dispersion Model (OCD) 

OCD (DiCristofaro and Hanna, 1989) is a straight-line Gaussian model developed to 
determine the impact of offshore emissions from point, area or line sources on the air 
quality of coastal regions.  OCD incorporates “over-water” plume transport and 
dispersion as well as changes that occur as the plume crosses the shoreline. Hourly 
meteorological data are needed from both offshore and onshore locations. Additional 
data needed for OCD are water surface temperature, over-water air temperature, mixing 
height, and relative humidity. 

Some of the key features include platform building downwash, partial plume penetration 
into elevated inversions, direct use of turbulence intensities for plume dispersion, 
interaction with the overland internal boundary layer, and continuous shoreline 
fumigation. 
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4.14.2.1 Regulatory Application 

OCD has been recommended for use by the Minerals Management Service for 
emissions located on the Outer Continental Shelf (50 FR 12248; 28 March 1985).  OCD 
is applicable for over-water sources where onshore receptors are below the lowest 
source height. Where onshore receptors are above the lowest source height, offshore 
plume transport and dispersion may be modeled on a case-by-case basis in 
consultation with the District. 

4.14.3 Shoreline Dispersion Model (SDM) 

SDM (PEI, 1988) is a hybrid multipoint Gaussian dispersion model that calculates 
source impact for those hours during the year when fumigation events are expected 
using a special fumigation algorithm and the MPTER regulatory model for the remaining 
hours. 

SDM may be used on a case-by-case basis for the following applications: 

 tall stationary point sources located at a shoreline of any large body of water; 

 rural or urban areas; 

 flat terrain; 

 transport distances less than 50 km; 

 1-hour to 1-year averaging times. 

4.15 Interaction with the District 

The risk assessor must contact the District to determine if there are any specific 
requirements.  Examples of such requirements may include, but are not limited to: 
specific receptor location guidance, specific usage of meteorological data, and specific 
report format (input and output). See Chapter 9 for more information on the format and 
content of modeling protocols and HRAs. 

4.15.1 Submittal of Modeling Protocol 

It is strongly recommended that a modeling protocol be submitted to the District for 
review and approval prior to extensive analysis with an air dispersion model.  The 
modeling protocol is a plan of the steps to be taken during the air dispersion modeling 
process.  Following is an example of the format that may be followed in the preparation 
of the modeling protocol.  Consult with the District to confirm format and content 
requirements or to determine the availability of District modeling guidelines 
before submitting the protocol. 
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Outline for a Modeling Protocol 

I. Introduction 

Include the facility name, address, and a brief overview describing the 
facility’s operations. 

	 Provide a description of the terrain and topography surrounding the facility 
and potential receptors. 

	 Indicate the format in which data will be provided.  Ideally, the report and 
summary of data will be on paper and all data and model input and output 
files will be provided electronically (e.g., compact disk or CD). 

	 Identify the guidelines used to prepare the protocol (e.g., District Guidelines). 

II. Emissions 

For each pollutant and process whose emissions are required to be 
quantified in the HRA, list the annual average emissions (pounds/year and 
grams/second) and the maximum one-hour emissions (pounds/hour and 
grams/second)2.  Maximum 1-hour emissions are used for acute noncancer 
health impacts while annual emissions are used for chronic exposures 
(i.e., chronic and 8-hour noncancer health impacts or cancer risk 
assessment). 

	 Identify the reference and method(s) used to determine emissions 
(e.g., source tests, emission factors, etc.).  Clearly indicate any emission data 
that are not reflected in the previously submitted emission inventory report.  In 
this event, a revised emission inventory report will need to be submitted to the 
District. 

	 Identify if this will be a multipathway assessment based on emitted 
substances. 

III. Models / Modeling Assumptions 

Specify the model and modeling assumptions 

	 Identify the model(s) to be used, including the version number. 

	 Identify the model options that will be used in the analysis. 

Except radionuclides, for which annual and hourly emissions are reported in Curies/year and
 
millicuries/hour, respectively.
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	 Identify the modeling domain(s) and the spacing of receptor grid(s).  Grid 
spacing should be sufficient in number and detail to capture the concentration 
at all of the receptors of interest. 

	 Indicate complex terrain options that may be used, if applicable. 

	 Identify the source type(s) that will be used to represent the facility’s 
operations (e.g., point, area, or volume sources, flare options or other). 

	 Indicate the preliminary source characteristics (e.g., stack height, gas 
temperature, exit velocity, dimensions of volume source, etc.). 

	 Identify and support the use of urban or rural dispersion coefficients for those 
models that require dispersion coefficients.  For other models, identify and 
support the parameters required to characterize the atmospheric dispersion 
due to land characteristics (e.g., surface roughness, Monin-Obukhov length). 

IV. Meteorological Data 

Specify the type, source, and year(s) of hourly meteorological data 
(e.g., hourly surface data, upper air mixing height information). 

	 State how the data are representative for the facility site. 

	 Describe QA/QC procedures. 

	 Identify any gaps in the data; if gaps exist, describe how the data gaps are 
filled. 

V. Deposition 
	 Specify the method to calculate deposition (if applicable). 

VI. Receptors 

Specify the type and location of receptors. Include all relevant information 
describing how the individual and population-related receptors will be 
evaluated. 

	 Identify and describe the location(s) of known or anticipated potential 
sensitive receptors, the point of maximum impact (PMI), and the maximum 
exposed individual residential (MEIR) and worker (MEIW) receptors.  Identify 
any special considerations or grids that will be used to model these receptors.  
This information should correspond with information provided in Section III 
(e.g., fine receptor spacing of 20 meters at the fence line and centered on the 
maximum impacts; coarse receptor spacing of 100 meters out to 2,000 
meters; extra coarse spacing of 1,000 meters out to 20,000 meters). 
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	 Identify if spatial averaging will be used.  Include necessary background
information on each receptor including how the domain and spacing will be
determined for each receptor or exposure pathway.

	 Describe how the cancer burden or population impact estimates are
calculated.  Clarify the same information for the presentation of noncancer
population impacts (e.g., centroids of the census tracts in the area within the
zone of impact).

	 Specify that actual UTM coordinates and the block/street locations (i.e., north
side of 3,000 block of Smith Street), where possible, will be provided for
specified receptor locations.

	 Identify and support the use of any exposure adjustments (e.g., time a
location, diurnal).

	 Include the list of anticipated exposure pathways that will be included and
indicate which substance will be evaluated in the multipathway assessment.
Identify if sensitive receptors are present and which receptors will be
evaluated in the HRA.

VII. Maps

Identify how the information will be graphically presented.

	 Indicate which cancer risk isopleths will be plotted for the cancer zone of
impact (e.g., 10-7, 10-6 see Section 4.6.1).

	 Indicate the hazard quotients or hazard indices to be plotted for the
noncancer acute, 8 hour, and chronic zones of impact (e.g., 0.5, 1.0, etc.).

4.16 Health Risk Assessment Report 

This section describes the information related to the air dispersion modeling process 
that needs to be reported in the risk assessment. This section is also presented in 
Chapter 9, Summary of the Requirements for a Modeling Protocol and a Health Risk 
Assessment Report, in Section 9.2. The District may have specific requirements 
regarding format and content (see Section 4.15).  Sample calculations should be 
provided at each step to indicate how reported emissions data were used. Reviewing 
agencies must receive input, output, and supporting files of various model analyses on 
computer-readable media (e.g., CD).  

4.16.1 Information on the Facility and its Surroundings 

Report the following information regarding the facility and its surroundings: 

	 Facility Name
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	 Location (UTM coordinates and street address) 

	 Land use type (see Section 2.4) 

	 Local topography 

	 Facility plot plan identifying: 
o	 source locations 
o	 property line 
o	 horizontal scale 
o	 building heights 
o	 emission sources 

4.16.2 Source and Emission Inventory Information3 

4.16.2.1 Release Parameters 

Report the following information for each release location in table format: 

	 Release location identification number 
	 Release name 
	 Release type (e.g., point, volume, area, line, pit, etc.) 
	 Source identification number(s) used by the facility that emit out of this release 

location 
	 Release location using UTM coordinates 
	 Release parameters by release type (e.g., shown for point source): 

o	 Stack height (m), stack diameter (building dimensions for downwash), 
exhaust gas exit velocity (m/s), exhaust gas volumetric flow rate (ACFM), 
exhaust gas exit temperature (K), etc. 

4.16.2.2 Source Description and Operating Schedule 

The description and operating schedule for each source should be reported in table 
form including the following information: 

	 Source identification number used by the facility 
	 Source name 
	 Number of operating hours per day and per year (e.g., 0800-1700, 2700 hr/yr) 
	 Number of operating days per week (e.g., Mon-Sat) 
	 Number of operating days or weeks per year (e.g., 52 wk/yr excluding major 

holidays) 
	 Release point identification number(s) for where source emissions are released 

3 Health and Safety Code section 44346 authorizes facility operators to designate certain "Hot Spots" 
information as trade secret.  Section 44361(a) requires districts to make health risk assessments 
available for public review upon request.  Section 44346 specifies procedures to be followed upon receipt 
of a request for the release of trade secret information.  See also the Inventory Guidelines Report 
regarding the designation of trade secret information in the Inventory Reports. 
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	 Fraction of source emissions emitted at each release point by release point ID 
number 

4.16.2.3 Emission Control Equipment and Efficiency 

Report emission control equipment and efficiency by source and by substance 

4.16.2.4 Emissions Data Grouped By Source 

Report emission rates for each toxic substance, grouped by source (i.e., emitting device or 
process identified in Inventory Report), in table form including the following information: 

 Source name
 
 Source identification number
 
 Substance name and CAS number (from Inventory Guidelines)
 
 Annual average emissions for each substance (lb/yr)
 
 Hourly maximum emissions for each substance (lb/hr)
 

4.16.2.5 Emissions Data Grouped by Substance 

Report facility total emission rate by substance for all emitted substances listed in the 
Air Toxics “Hot Spots” Program including the following information: 

 Substance name and CAS number (from Inventory Guidelines)
 
 Annual average emissions for each substance (lb/yr)
 
 Hourly maximum emissions for each substance (lb/hr)
 

4.16.2.6 Emission Estimation Methods 

Report the methods used in obtaining the emissions data indicating whether emissions 
were measured or estimated.  Clearly indicate any emission data that are not reflected 
in the previously submitted emission inventory report and submit a revised emission 
inventory report to the district. A reader should be able to reproduce the risk 
assessment without the need for clarification. 

4.16.2.7 List of Substances 

Include tables listing all "Hot Spots" Program substances which are emitted, plus any 
other substances required by the District.  Indicate substances to be evaluated for 
cancer risks and noncancer health impacts. 

4.16.3 Exposed Population and Receptor Location 

Report the following information regarding exposed population and receptor locations. 
See Chapter 9 and specific sections within this chapter for more detailed information. 

4-60
 



       

 

 
 

   
  

   
 

     
   

 

    
   

  
  

      
  

        

   
   

 

 
  

   

    
  

   
   

   
    

  
   

   
  

  
  

    
   

 
 

   
 

 
     

  

     

Air Toxics Hot Spots Program Guidance Manual	 February 2015 

	 Description of zone of impact including map showing the location of the facility, 
boundaries of zone of impact, census tracts, emission sources, sites of maximum 
exposure, and the location of all appropriate receptors.  This should be a true 
map (one that shows roads, structures, etc.), drawn to scale, and not just a 
schematic drawing.  USGS 7.5 minute maps or GIS based maps are usually the 
most appropriate choices. (If significant development has occurred since the 
user’s survey, this should be indicated.) 

	 Separate maps for the cancer risk zone of impact and the hazard index 
(noncancer) zone of impact(s). The cancer zone of impact should include 
isopleths down to at least the 1/1,000,000 risk level.  Because some districts use 
a level below 1/1,000,000 to define the zone of impact, the District should be 
consulted.  Three separate maps (to represent both chronic, 8-hour, and acute 
HI) should be created to define the zone of impact for the hazard index from both 
inhalation and noninhalation pathways greater than or equal to 0.5. The point of 
maximum impact (PMI), maximum exposed individual at a residential receptor 
(MEIR), the maximum exposed individual worker (MEIW), and any other 
locations of interest for both cancer and noncancer risks should be located on the 
maps. 

	 Tables identifying population units and sensitive receptors (UTM coordinates, 
receptor IDs, and street addresses of specified receptors). 

	 Heights or elevations of the receptor points. 

	 For each receptor type (e.g., PMI, MEIR, MEIW, and any other location(s) of 
interest) that will utilize spatial averaging, the domain size and grid resolution 
must be clearly identified. If another domain or grid resolution other than 
20 meters by 20 meters with 5-meter grid spacing will be used for a receptor, 
then care should be taken to determine the proper domain size and grid 
resolution that should be used. For a worker, the HRA shall support all 
assumptions used, including, but not limited to, documentation for all workers 
showing the area where each worker routinely performs their duties. The final 
domain size should not be greater than the smallest area of worker movement. 
Other considerations for determining domain size and grid spacing resolution 
may include an evaluation of the concentration gradients across the worker area. 
The grid spacing used within the domain should be sufficient in number and 
detail to obtain a representative concentration across the area of interest. When 
spatial averaging over the deposition area of a pasture, garden, or water body, 
care should be taken to determine the proper domain size to make sure it 
includes all reasonable areas of potential deposition.  The size and shape of the 
pasture, garden, or water body of interest should be identified and used for the 
modeling domain. The grid spacing or resolution used within the domain should 
be sufficient in detail to obtain a representative deposition concentration across 
the area of interest. One way to determine the grid resolution is to include an 
evaluation of the concentration gradients across the deposition area. The HRA 
shall support all assumptions used, including, but not limited to, documentation of 
the deposition area (e.g., size and shape of the pasture or water body, maps, 
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representative coordinates, grid resolution, concentration gradients, etc.).  The 
use or spatial averaging is subject to approval by the reviewing authority.  This 
includes the size of the domain and grid resolution that is used for spatial 
averaging of a worksite or multipathway deposition area. 

4.16.4 Meteorological Data 

If meteorological data were not obtained directly from the District, then the report must 
clearly indicate the data source and time period used. Meteorological data not obtained 
from the District must be submitted in electronic form along with justification for their use 
including information regarding representativeness and quality assurance. 

The risk assessment should indicate if the District required the use of a specified 
meteorological data set. All memos indicating the District’s approval of meteorological 
data should be attached in an appendix. 

4.16.5 Model Selection and Modeling Rationale 

The report should include an explanation of the model chosen to perform the analysis 
and any other decisions made during the modeling process. The report should clearly 
indicate the name of the models that were used, the level of detail (screening or refined 
analysis) and the rationale behind the selection. 

Also report the following information for each air dispersion model used: 

 version number
 selected options and parameters in table form
 Identify the modeling domain(s) and the spacing of receptor grid(s).  Grid spacing

should be sufficient in number and detail to capture the concentration at all
receptors of interest.

4.16.6 Air Dispersion Modeling Results 

- Maximum hourly and annual average concentrations of chemicals at appropriate 
receptors such as the residential and worker MEI receptors 

- Annual average and maximum one-hour (and 30-day average for lead only) 
concentrations of chemicals at appropriate receptors listed and referenced to 
computer printouts of model outputs 

- Model printouts (numbered), annual concentrations, maximum hourly
 
concentrations
 

- Disk with input/output files for air dispersion program (e.g., the AERMOD input 
file containing the regulatory options and emission parameters, receptor 
locations, meteorology, etc.) 

- Include tables that summarize the annual average concentrations that are 
calculated for all the substances at each site. The use of tables that present the 
relative contribution of each emission point to the receptor concentration is 
recommended.  (These tables should have clear reference to the computer 
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model which generated the data. It should be made clear to any reader how data 
from the computer output were transferred to these tables.)  [As an alternative, 
the above two tables could contain just the values for sites of maximum impact 
(i.e., PMI, MEIR and MEIW), and sensitive receptors, if required. All the values 
would be found in the Appendices.] 
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5 - Exposure Assessment 
Estimation of Concentration and Dose 

5.1 Introduction 

This chapter provides a summary of how toxicant ground level air concentrations 
estimated from air dispersion modeling or monitoring results are used to determine dose 
at receptors of interest. This chapter includes all the algorithms and data (e.g., point 
estimates, distributions, and transfer factors) that are needed to determine the 
substance-specific concentration in exposure media and the dose at a receptor of 
interest. The determination of exposure concentration and dose precedes the 
calculations of potential health impacts. See Chapter 8 and Appendix I for information 
on calculating potential health impacts. 

At a minimum, three receptors are evaluated in Hot Spots health risk assessments 
(HRA) (see Section 4.7); these are: 

 the Point of Maximum Impact (PMI),

 the Maximally Exposed Individual Resident (MEIR), and

 the Maximally Exposed Individual Worker (MEIW).

The PMI is defined as the receptor point(s) with the highest acute, 8-hour, chronic, or 
cancer health impact outside the facility boundary.  The facility boundary is defined as 
the property line. Often the fence is on the property line. The MEIR is typically defined 
as the existing off-site residence(s) (i.e., house, apartment or other dwelling) with the 
highest acute, chronic, or cancer health impact. Calculating an 8-hour hazard index is 
not required for the MEIR, but can be performed at the discretion of the District. The 
MEIW is typically defined as the existing offsite workplace with the highest acute, 
8-hour, chronic, or cancer health impact. 

In addition, it may be necessary to determine risks at sensitive receptors (e.g., schools, 
day care centers, elder care centers, and hospitals). The District or reviewing authority 
should be consulted in order to determine the appropriate sensitive receptors for 
evaluation. Some situations may require that on-site receptor (worker or residential) 
locations be evaluated. Some examples where the health impacts of on-site receptors 
may be appropriate could be military base housing, prisons, universities, or locations 
where the public may have regular access for the appropriate exposure period (e.g., a 
lunch time café or museum for acute exposures). The risk assessor should contact the 
Air Pollution Control or Air Quality Management District (the District) for guidance about 
any on-site exposure situations at the emitting facility.  These on-site locations should 
be included in the health risk assessment (HRA). If the facility emits multiple 
substances from two or more stacks, the acute, 8-hour, chronic, and cancer health 
impacts at the PMI may be located at different physical locations. The MEIR or MEIW 
cancer, acute, 8-hour, and chronic receptors may also be at different locations. 
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The process for determining dose at the receptor location, and ultimately potential 
health impacts, will likely include air dispersion modeling, and, with less frequency, air 
monitoring data. Air dispersion modeling combines the facility emissions and release 
parameters and uses default or site-specific meteorological conditions to estimate 
downwind, ground-level concentrations at various (user-defined) receptor locations.  Air 
dispersion modeling is described in Chapter 4 and is presented in detail in the Air 
Toxics Hot Spots Program Risk Assessment Guidelines; Technical Support Document 
for Exposure Assessment and Stochastic Analysis (OEHHA, 2012a). 

In summary, the process of using air dispersion modeling results as the basis of an 
HRA follows these four steps: 

	 Air dispersion modeling is used to estimate annual average and maximum
one-hour ground level concentrations (GLC).  The air dispersion modeling results
are expressed as an air concentration or in terms of (Chi over Q) for each
receptor point.  (Chi over Q) is the modeled downwind air concentration (Chi)
based on an emission rate of one gram per second (Q).  (Chi over Q) is
expressed in units of micrograms per cubic meter per gram per second, or
(g/m3)/(g/s).  (Chi over Q) is sometimes written as (/Q) and is sometimes
referred to as the dilution factor.

	 When multiple substances are evaluated, the /Q is normally utilized since it is
based on an emission rate of one gram per second. The /Q at the receptor
point of interest is multiplied by the substance-specific emission rate (in g/s) to
yield the substance-specific ground-level concentration (GLC) in units of g/m3.
The following equations illustrate this point.

  rate emissionunit   withresults model from,
s

g
m

g
 inQoverChiQ

3






















 substanceQxQGLC 














 s
grate emission specific substanceQ substance

 The applicable exposure pathways (e.g., inhalation, soil contact, fish
consumption) are identified for the emitted substances, and the receptor
locations are identified. This determines which exposure algorithms in this
chapter are ultimately used to estimate dose. After the exposure pathways are
identified, the fate and transport algorithms described in this chapter are used to
estimate concentrations in the applicable exposure media (e.g., soil or water) and
the exposure algorithms are used to determine the substance-specific dose.

 The dose is used with cancer and noncancer health values to calculate the
potential health impacts for the receptor (Chapter 8).  An example calculation
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using the high-end point-estimates for the inhalation (breathing) exposure 
pathway can be found in Appendix I. Appendix I and Chapters 5 (this Section) 
and 8 also contain information on how the annual average and maximum 
one-hour ground level concentrations are used for chronic, 8-hour, and acute 
health risk calculations. 

The algorithms in this chapter are also used to calculate media concentrations and dose 
in the rare instance, for the Hot Spots program, when monitoring equipment was used 
rather than air dispersion modeling to obtain a receptor’s substance-specific GLC.  One 
situation that is specific to monitored data is the treatment of results below the sampling 
method level of detection (LOD). In short, it is standard risk assessment practice when 
monitoring results are reported both above and below the LOD to use one-half of the 
LOD for those sample concentrations reported below the LOD.  If all testing or 
monitoring results fall below the LOD, then assessors should contact the District for 
appropriate procedures.  For more information about reporting emissions under the Hot 
Spots Program, see the ARB’s Emission Inventory Criteria and Guidelines Regulations 
(Title 17, California Code of Regulations, Sections 93300-93300.5), and the Emission 
Inventory Criteria and Guidelines Report (EICG Report), which is incorporated by 
reference therein (ARB, 2007). 

The recommended model for calculating and presenting HRA results for the Hot Spots 
Program is the HARP software, available from the Air Resources Board (ARB).  More 
information on HARP and directions for downloading the software can be found on the 
ARB’s web site at http://www.arb.ca.gov/toxics/harp/downloads.htm. 

5.2 Criteria for Exposure Pathway Evaluation 

In order to determine total dose to the receptor the applicable pathways of exposure 
need to be identified. The inhalation pathway must be evaluated for all Hot Spots 
substances emitted by the facility.  A small subset of Hot Spots substances is subject to 
deposition onto soil, plants, and water bodies. These substances need to be evaluated 
by the appropriate noninhalation pathways, as well as by the inhalation pathway, and 
the results must be presented in all HRAs. These substances include semi-volatile 
organic chemicals and heavy metals.  Such substances are referred to as multipathway 
substances. Two steps are necessary to determine if a substance should be evaluated 
for multipathway impacts: 

1.	 Determine whether the substance or its group (e.g., dioxins, PAHs) is listed in
Table 5.1.

2.	 Determine if the substance has an oral reference exposure level (REL) listed in
Table 6.4, or if it has an oral cancer slope factor listed in Table 7.1.  Two other
references for checking the presence of oral health factors are OEHHA’s website 
(OEHHA, 2012b) and the Consolidated Table of OEHHA/ARB Approved Risk
Assessment Health Values on the Air Resources Board website (ARB, 2012).
Oral or noninhalation exposure pathways include the ingestion of soil, angler-
caught fish, drinking water from surface water sources, mother’s milk,
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homegrown produce, beef, pork, chicken, eggs and cow’s milk. The dermal 
pathway is also evaluated via contact with contaminated soil. 

For all multipathway substances, the minimum exposure pathways that must be 
evaluated at every residential site (in addition to inhalation) are soil ingestion and 
dermal exposure. If dioxins, furans, PCBs, PAHs or lead are emitted, then the breast-
milk consumption pathway also becomes mandatory.  The other exposure pathways 
(e.g., the ingestion of homegrown produce or angler-caught fish) are evaluated on a 
site-by-site basis.  If the resident can be exposed through an impacted exposure 
pathway, then it must be included in the HRA.  However, if there are no vegetable 
gardens or fruit trees within the zone of impact for a facility, for example, then the 
produce pathways need not be evaluated.  Note that on-site residential receptors are 
potentially subject to inhalation and noninhalation exposure pathways. Table 8.2 
identifies the residential and worker receptor exposure pathways that are mandatory 
and those that are dependent on the site-specific decisions. While residents can be 
exposed though several exposure pathways, worker receptors are only evaluated for 
inhalation, soil ingestion, and dermal exposure using point estimates. 

Table 5.1 shows the multipathway substances that, based on available scientific data, 
can be considered for each noninhalation exposure pathway.  The exposure pathways 
that are evaluated for a substance depend on two factors: 1) whether the substance is 
considered a multipathway substance for the Hot Spots Program (Table 5.1), and 2) 
what the site-specific conditions are.  A multipathway substance may be excluded from 
a particular exposure pathway because its physical-chemical properties can preclude 
significant exposure via the pathway.  For example, some water-soluble substances do 
not appreciably bioaccumulate in fish; therefore, the fish pathway is not appropriate. In 
addition, if a particular exposure pathway is not impacted by the facility or is not present 
at the receptor site, then the pathway is not evaluated.  For example, if a fishable water 
body is not impacted by the facility, or the water source is impacted but no receptor 
uses it for fishing, then the angler-caught fish pathway is not evaluated. 
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Table 5.1 Specific Pathways to be Analyzed for Each
 
Multipathway Substance
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Inorganic chemicals 
Arsenic & compounds X X X X X X X X X 
Beryllium & compounds X X X X X X X X X 
Cadmium & compounds X X X X X X X X X 
Chromium VI & compounds X X Xa X X X X X X 
Fluorides (soluble 
compounds) X X X X X X X X 

Lead & compounds X X X X X X X X X X 
Mercury & compounds X X X X X X X X X 
Nickel & compounds X X X X X X X X X 
Selenium & compounds X X X X X X X X X 
Organic chemicals 
Creosotes X X X X X X X X 
Diethylhexylphthalate X X X X X X X 
Hexachlorobenzene X X X X X X X 
Hexachlorocyclohexanes X X X X X X X 
4,4'-Methylene dianiline X X X X X 
Pentachlorophenolb 

PCBs X X X X X X X X 
Polychlorinated dibenzo-p-
dioxins and dibenzofurans X X X X X X X X 

PAHs X X X X X X X X 
a Cow’s milk only; no multipathway analysis for meat and egg ingestion 
b To be evaluated by pathway in future amendments to the Hot Spots Program 

5.3 Estimation of Concentrations in Air, Soil, and Water 

Once emissions exit the source, the substances emitted will be dispersed in the air. 
The substances in the exhaust gas with high vapor pressures will remain largely in the 
vapor phase, and substances with lower vapor pressures will tend to adsorb to fly ash 
or other particulate matter.  The emission plume may contain both vapor phase 
substances and particulates. A semivolatile organic toxicant can partition into both 
vapor and particulate phases. Particulates will deposit on vegetation, on soil, and in 
water at a rate that is dependent on the particle size. Use the 0.02 m/s deposition rate 
for emission sources that have verifiable particulate matter control devices or for 
emission sources that may be uncontrolled but only emit particulate matter that is less 
than 2.5 microns (e.g., internal combustion engines). The following algorithms are used 
to estimate concentrations in environmental media including air, soil, water, vegetation, 
and animal products. 
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5.3.1 Air 

The ground level concentration (GLC, or Cair as shown in EQ 5.3.1) of a substance in air 
is a function of the facility emission rate and the dilution factor (/Q) at the points under
evaluation. 

 A. Equation 5.3.1: Cair = Qsubstance × /Q 

1. Cair = Ground level concentration (g/m3) 
2. Qsubstance = Substance emission rate (g/sec)

 3. /Q = Dilution factor provided by dispersion modeling (g/m3/g/sec) 

a. Recommended values for EQ 5.3.1:

1. Qsubstance = Facility-specific, substance emission rate
 2. /Q = For point of interest, site specific, from dispersion modeling 

b. Assumptions for EQ 5.3.1:

1. No plume depletion
2. Emission rate is constant, i.e., assumes steady state

5.3.2 Soil 

The average concentration of the substance in soil (Cs) is a function of the deposition, 
accumulation period, chemical specific soil half-life, mixing depth, and soil bulk density. 
For simplicity and health protection, the Tier 1 default assumes 70-year soil deposition 
for the accumulation period at end of 70-year facility lifetime. The risk assessor may 
also choose a supplemental Tier 2 approach, subject to District approval or reviewing 
authority approval, in which the assessor applies a soil accumulation period based on 
the facility’s start date of operation (e.g., historical date when emissions began), or the 
current exposure conditions, and the expected duration of operation. 

A. Equation 5.3.2 A: Cs = Dep × X / (Ks × SD × BD × Tt) 

1. Cs = Average soil concentration over the evaluation period (g/kg) 
2. Dep = Deposition on the affected soil area per day (g/m2-d)
3. X = Integral function for soil accumulation (d), see EQ 5.3.2 C below 
4. Ks = Soil elimination constant (d-1) 
5. SD = Soil mixing depth (m) 
6. BD = Soil bulk density (kg/m3) 
7. Tt = Soil exposure duration or soil accumulation period (d) 
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a:	 Recommended default values for EQ 5.3.2 A: 

1. Dep =	 Calculated in EQ 5.3.2 B
2. X =	 Calculated in EQ 5.3.2 C 
3. Ks =	 Calculated in EQ 5.3.2 D 
4.	 SD = 0.01 (m) for playground setting (soil ingestion and dermal 

pathways) and 0.15 (m) for agricultural setting (produce and 
meat pathways) 

5. BD =	 1,333 (kg/m3) 
6. Tt =	 25,550 (d) = 70 years 

b:	 Assumptions for EQ 5.3.2 A: 

1.	 Substances are uniformly mixed in soil.
2.	 Substances are not leached or washed away, except where evidence

exists to the contrary.
3.	 It is assumed that toxicants accumulate in the soil for 70 years from

deposition over the 70 year lifespan of the facility.  Use 70-year soil
accumulation (Tt) for Tier 1 estimation of 9-, 30- and 70-year residential
exposure, and 25-year off-site worker exposure.

4.	 For a receptor ingesting mother's milk, the mother is exposed from birth to
25 years of age; the infant is then born and receives mother’s milk for one 
year.  Default assumes 70-year soil accumulation for mother’s milk
pathway.  See Table 5.1 for information on which substances or groups of
substances must be evaluated by the mother’s milk pathway.

B. 	Equation 5.3.2 B: Dep = Cair × Dep-rate × 86,400 

1.	 Cair = Ground level concentration (g/m3) 
2.	 Dep-rate = Vertical rate of deposition (m/sec)
3.	 86,400 = Seconds per day conversion factor (sec/d) 

a:	 Recommended default values for EQ 5.3.2 B: 

1.	 Cair = Calculated above in EQ 5.3.1 A 
2.	 Dep-rate = Use 0.02 meters/second for controlled sources, or 0.05

meters/second for uncontrolled sources. 

b: Assumptions for EQ 5.3.2 B: 

1.	 Deposition rate remains constant. A deposition rate must be used when
determining potential noninhalation health impacts.  In the absence of
facility specific information on the size of the emitted particles, the default
values for deposition rate should be used.  Currently, the default value of
0.02 meters per second is used for emission sources that have verifiable
particulate matter control devices or for emission sources that may be
uncontrolled but only emit particulate matter that is less than 2.5 microns
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(e.g., internal combustion engines). The 0.05 meters per second default 
value is used for risk assessment if the emissions are uncontrolled. If 
other deposition rate factors are used, sufficient support documentation 
must be included with the HRA. 

[{e-Ks * Tf -Ks * ToC. Equation 5.3.2 C: X = - e } / Ks] + Tt 

1. e = 2.718 
2. Ks = Soil elimination constant 
3. Tf = End of soil accumulation evaluation period (d) 
4. To = Beginning of soil accumulation evaluation period (d) 
5. Tt = Total days of soil exposure (soil accumulation period) Tf-To (d) 

a:  Recommended default values for EQ 5.3.2 C: 

1: Ks = Calculated in EQ 5.3.2 D 
2: Tf = 25,550 (d) = 70 years.  Total soil exposure time at end of facility 

operation 
3: To = 0 (d) The initial time (start period) of soil exposure to all receptors that 

are impacted by the soil pathway. 

Note:  Under a Tier 2 scenario, the risk assessor may also adjust Tf and Tt, subject to 
District approval, to replicate current soil accumulation and expected accumulation at 
the end of facility operation. 

D. Equation 5.3.2 D: Ks = 0.693 / t1/2 

1. 0.693 = Natural log of 2 
2. t1/2 = Chemical specific soil half-life (d) 

a:  Recommended default values for EQ 5.3.2 D: 

1. t1/2 =  Chemical-specific.  See Table 5.2 

5.3.3 Water 

The water pathway is evaluated if a standing water body (e.g., pond or lake) is impacted 
by facility emissions and is used as a source for drinking water by food-producing 
animals or humans, or is a source of angler-caught fish. The average concentration of 
the substance in water (Cw) is a function of direct deposition and material carried in by 
surface run-off. However, only the contribution from direct deposition will be considered 
at this time. 

A. Equation 5.3.3 A: Cw = Cdepw 

1. Cw = Average concentration in water (g/kg) 
2. Cdepw = Contribution due to direct deposition (g/kg) 
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B. Equation 5.3.3 B: Cdepw = Dep × SA × 365 / (WV × VC) 

1. Dep =	 Deposition on water body per day (g/m2/d)
2. SA =	 Water surface area (m2) 
3. 365 =	 Days per year (d/yr)
4. WV =	 Water volume (kg)
5. VC =	 Number of volume changes per year 

a:	 Recommended default values for EQ 5.3.3 B: 

1. Dep =	 Calculated above in EQ 5.3.2 B
2. SA =	 Site specific water surface area (m2) 
3. WV =	 Site specific water volume in (kg) (1L = 1 kg)
4.	 VC = Site specific number of volume changes per year 

(SA, WV, and VC values can be obtained from the appropriate 
Department of Water Resources (DWR) Regional office) 

b:	 Assumptions for EQ 5.3.3 B: 

1.	 With the exception of dilution via number of volume changes per year, all
material deposited into the water remains suspended or dissolved in the
water column and is available for bioaccumulation in fish.

5.3.4 Estimation of Concentrations in Vegetation, Animal Products, and 
Mother’s Milk 

Estimates of the concentration of the substance in vegetation, animal products and 
mother’s milk require the use of the results of the air, water, and soil environmental fate 
evaluation.  Plants, animals and nursing mothers will be exposed to the substances at 
the concentrations previously calculated in Section 5.31 to 5.33 above. 

5.3.4.1 Vegetation 

The average concentration of a substance in and on vegetation (Cv) is a function of 
direct deposition of the substance onto the vegetation and of root translocation or 
uptake from soil contaminated by the substance. We currently recommend root 
translocation only for the inorganic compounds. 

A.	 Equation 5.3.4.1 A: Cv = Cdepv + Ctrans

1.	 Cv = Average concentration in and on specific types of vegetation 
(g/kg) 

2.	 Cdepv = Concentration due to direct deposition (g/kg) 
3.	 Ctrans = Concentration in vegetation due to root translocation or uptake 

(g/kg) – see EQ 5.3.4.1 C below 
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B. Equation 5.3.4.1 B: Cdepv = [Dep × IF / (k × Y)] × (1 - e-kT) 

1. Dep =	 Deposition on affected vegetation per day (g/m2/d) 
2. IF =	 Interception fraction 
3. k =	 Weathering constant (d-1) 
4. Y =	 Yield (kg/m2) 
5. e =	 Base of natural logarithm (2.718) 
6. T =	 Growth period (d) 

a:	 Recommended default values for EQ 5.3.4.1 B: 

1. Dep =	 Calculated above in EQ 5.3.2 B 
2. IF =	 Crop specific: 

a: 	 Root crops = 0.0 
b: 	 Leafy crops = 0.2 
c: 	 Protected crops = 0.0 
d: 	 Exposed crops = 0.1 
e:	 Pasture = 0.7 

3. k =	 0.1 (d-1 ) 
4.	 Y = 2 (kg/m2) for root, leafy, protected, exposed and pasture [CA 

Department of Food and Agriculture dot maps] 
5.	 T = 45 (d) for leafy crops
 

T = 90 (d) for exposed crops
 

b: Crop-type definitions for EQ 5.3.4.1 B: 

1.	 Leafy crop category consists of broad-leafed vegetables in which the leaf 
is the edible part. Examples include spinach, lettuce, cabbage, and kale. 

2.	 Root crop category includes vegetables in which the edible portion is 
underground. Examples are potato, radish, and carrot. 

3.	 Exposed produce category consists of crops with a small surface area 
subject to air deposition.  Examples include strawberries, tomato, 
cucumber, zucchini, green bean and bell pepper.  

4.	 Protected produce category consists of crops in which the edible part is 
not exposed to air deposition (e.g., the exposed skin of the crop is 
removed and not eaten).  Examples are corn, pea, pumpkin and oranges.  

Tables H-9 through H-15 in Appendix H provide more examples of various 
leafy, root, exposed and protected crop types. 

c:	 Assumptions for EQ 5.3.4.1 B: 

1.	 No deposition on root or protected crops 
2.	 No uptake and translocation of deposited chemicals onto crops 
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C. Equation 5.3.4.1 C: (for inorganic compounds) 

Ctrans = Cs × UF2

1. Cs = Average soil concentration (g/kg) 
2.	 UF2 = Uptake factor based on soil concentration

a:	 Recommended default values for EQ 5.3.4.1 C: 

1.	 Cs = Calculated above in EQ 5.3.2 A 
2.	 UF2 = See Table 5.2

D. Equation 5.3.4.1 D: (for organic compounds) 
0.77 

UF2 = [(0.03 × Kow ) + 0.82] / [(Koc)(Foc)] 

1.	 0.03 = Empirical constant
2.	 Kow = Octanol:water partition factor 
3.	 0.77 = Empirical constant
4.	 0.82 = Empirical constant
5.	 Koc = Organic carbon partition coefficient 
6.	 Foc = Fraction organic carbon in soil 

a:	 Recommended default values for EQ 5.3.4.1 D: 

1.	 Kow = Chemical specific, see Table 5.2 
2.	 Koc = Chemical specific, see Table 5.2 
3.	 Foc = 0.1 

b:	 Assumptions for EQ 5.3.4.1 D: 

1.	 OEHHA currently has no recommended root uptake factors for organic
compounds listed in Table 5.2. Evidence suggests this route is
insignificant compared to airborne deposition.  Nevertheless, if it becomes
necessary in specific cases to assess root uptake for an organic
compound, Equation 5.3.4.1 D would be the algorithm OEHHA
recommends using to assess root uptake.

5.3.4.2 Animal Products 

The average concentration of the substance in animal products (Cfa) depends on 
which routes of exposure exist for the animals.  Animal exposure routes include 
inhalation, soil ingestion, ingestion of contaminated feed and pasture, and 
ingestion of contaminated water. 
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A. Equation 5.3.4.2: 

Cfa = (Inhalation + Water ingestion + Feed ingestion + 
Pasture/Grazing ingestion + Soil ingestion) * Tco 

1. Cfa =	 Average concentration in farm animals and their products (g/kg) 
2.	 Inhalation, water ingestion, etc. = Dose through inhalation, water 

ingestion, etc. (g/d) 
3.	 Tco = Chemical-specific transfer coefficient of contaminant from diet to 

animal product (d/kg) 

a: Recommended default values for EQ 5.3.4.2: 

1. Tco =	 See Tables 5.3a and 5.3b 

b: Assumptions for EQ 5.3.4.2: 

1. The Tco for a given chemical is the same for all exposure routes 

5.3.4.2.1 Inhalation 

A. Equation 5.3.4.2.1: Inhalation = BRa × Cair 

1. Inhalation = Dose through inhalation (g/d) 
2. BRa = Breathing rate for animal (m3/d) 
3. Cair = Ground-level concentration (g/m3) 

a: Recommended default values for EQ 5.3.4.2.1: 

1. BRa =	 See Table 5.4 
2. Cair =	 Calculated above in EQ 5.3.1 A 

b: Assumptions for EQ 5.3.4.2.1: 

1. All material inhaled is 100% absorbed 

5.3.4.2.2 Water Ingestion 

The water ingestion pathway is applied if there are surface water sources of drinking 
water, such as springs, ponds or lakes, which are exposed to airborne deposition of 
facility emissions.  Due to the site-specific nature for this exposure pathway, OEHHA 
recommends that the risk assessor conduct a survey at the site to estimate the fraction 
of contaminated drinking water ingested by the animals, if such sources exist. 
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A. Equation 5.3.4.2.2: Water ingestion = WIa × FSW × Cw 

1. Water ingestion = Dose through water ingestion (g/d) 
2. WIa = Water ingestion for animal (kg/d) 
3.	 FSW = Fraction of water ingested from a contaminated body of 

water (site-specific) 
4.	 Cw = Average concentration in water (g/kg) 

For water 1 kg = 1 L 

a: Recommended default values for EQ 5.3.4.2.2: 

1. WIa =	 See Table 5.4 
2.	 FSW = Site specific fraction, need to survey water ingestion practices in 

affected area 
3. Cw =	 Calculated above in EQ 5.3.3 A 

5.3.4.2.3 Feed Ingestion 

The fraction of feed intake by cattle, pigs and poultry that is contaminated by facility 
emissions can vary considerably depending on the manner in which the animals are 
raised.  Due to the site-specific nature for this exposure pathway, OEHHA recommends 
that the risk assessor conduct a survey at the site to estimate the fraction of 
contaminated feed eaten by the animals. For a Tier 1 assessment, default values are 
provided by OEHHA (see Table 5.4 and Table 5.4 footnotes) for estimation of exposure 
to the animals. 

Agricultural mixing depth should be used for calculating soil concentration for feed and 
pasture contamination. 

5.3.4.2.3.1	 Feed Ingestion 

A. Equation 5.3.4.2.3.1: Feed ingestion = (1.0 - FG) × FI × L × Cv 

1.	 Feed ingestion = Dose through the ingestion of feed (g/d) that is 
harvested after it is impacted by source emissions 

2. FG =	 Fraction of diet provided by grazing (site-specific) 
3. FI =	 Feed ingestion rate (kg/d) 
4.	 L = Fraction of locally grown (source impacted) feed that is not 

pasture (site-specific) 
5. Cv =	 Concentration in feed (g/kg) 
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a:	 Recommended default values EQ 5.3.4.2.3.1: 

1.	 FG = Default values in Table 5.4 footnote b, although a site-specific 
survey for the fraction of diet provided by grazing is 
recommended 

2. FI =	 See Table 5.4 
3.	 L = Default values in Table 5.4 footnote b, although a site-specific 

survey for fraction of locally grown (source impacted) feed that is 
not pasture is recommended 

4. Cv =	 As calculated above in EQ 5.3.4.1 A 

b:	 Assumptions for EQ 5.3.4.2.3.1: 

1.	 Feed (FI) transported from an off-site location (i.e., not grown locally) is
not contaminated by facility emissions.

5.3.4.2.3.2 Pasture/Grazing ingestion 

A.	 Equation 5.3.4.2.3.2: Pasture/Grazing ingestion = FG × Cv × FI 

1.	 Pasture/Grazing ingestion = Dose through pasture/grazing (g/d)
2. FG =	 Fraction of diet provided by grazing (site-specific) 
3. Cv =	 Concentration in pasture/grazing material (g/kg) 
4. FI =	 Feed ingestion rate (kg/d) 

a:	 Recommended default values EQ 5.3.4.2.3.2: 

1.	 FG = Default values in Table 5.4 for fraction of diet provided by 
grazing, although a site-specific survey is recommended 

2. Cv =	 As calculated above in EQ 5.3.4.1 A 
3. FI =	 See Table 5.4 

5.3.4.2.4 Soil ingestion 

The feeds provided to dairy and beef cattle may contain small quantities of soil. A 
larger fraction of soil by weight of food is taken up during grazing.  Rooting behavior by 
pigs with access to soil will result in soil ingestion. Likewise, poultry with free access to 
soil or pasture will also ingest soil.  Defaults for soil ingestion are shown in Table 5.4. 

A.	 Equation 5.3.4.2.4 A: Soil ingestion = SIa × Cs

1.	 Soil ingestion = Dose through soil ingestion (g/d)
2.	 SIa = Soil ingestion rate for animal (kg/d) 
3.	 Cs = Average soil concentration (g/kg) 
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a:	 Recommended default values for EQ 5.3.4.2.4 A: 

1.	 SIa = Calculated below 
2.	 Cs = Calculated above in EQ 5.3.2 A 

B. Equation 5.3.4.2.4 B: SIa = [(1 - FG) × FSf × FI] +[ FG × FSp × FI] 

1.	 FG = Fraction of  diet provided by grazing 
2.	 FSf = Soil ingested as a fraction of feed ingested 
3.	 FI = Feed ingestion rate (kg/d) 
4.	 FSp = Soil ingested as a fraction of pasture ingested 

a:	 Recommended default values for EQ 5.3.4.2.4 B: 

1.	 FG = Site specific fraction of diet provided by grazing 
2.	 FSf = See Table 5.4 
3.	 FI = See Table 5.4 
4.	 FSp = See Table 5.4 

b:	 Assumptions for EQ 5.3.4.2.4 B: 

1.	 The transfer coefficient is the same for all exposure routes. 
2.	 Soil ingested in feed (FSf) transported from an off-site location (i.e., not 

grown locally) is assumed not to be contaminated by facility emissions. 

5.3.4.3 Bioaccumulation in Angler-Caught Fish 

The average concentration in fish (Cf) is based on the concentration in water and a 
chemical-specific bioaccumulation factor. 

A.	 Equation 5.3.4.3: Ct = Cw × BAF 

1. Ct = Concentration in wet weight tissue (muscle) of fish (µg/kg) 
2. Cw = Concentration in water (µg/kg) 
3. BAF = Fish bioaccumulation factor (unitless) 

a:	 Recommended default values for Equation 5.3.4.3: 

1. Cw = As calculated above in Equation 5.3.3 A 
2. BAF = Chemical-specific; see Table 5.2 
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b:	 Assumptions for Equation 5.3.4.3: 

1.	 For conversion of a chemical concentration in a volume of water shown as 
µg/L, 1 L water = 1 kg water; thus, for concentration of chemical in water, 
µg/L = µg/kg. 

2.	 For organic chemicals, BAFs lipid-normalized to adult rainbow trout with 
4% lipid content in muscle tissue 

3.	 For organic chemicals, BAFs based on the freely dissolved fraction in 
water under conditions of average particulate organic carbon and 
dissolved organic carbon in U.S. lakes and other water bodies 

4.	 For inorganic compounds, BAFs based on wet weight muscle tissue 
concentration and on the total water concentration of the inorganic 
compound in water. 

5.	 Contaminant concentrations are uniform in water based on dispersion 

5.3.4.4 Bioaccumulation in Mother’s Milk 

The average concentration of a chemical in mother’s milk (Cm) is a function of the 
mother’s exposure through all exposure routes (i.e., inhalation, ingestion via food, 
drinking water, and soil, and dermal absorption via skin contact with soil contaminated 
with the chemical), the contaminant half-life in the mother’s body, and transfer of 
absorbed chemical to mother’s milk. The contaminant half-life in the body and transfer 
to mother’s milk is incorporated in biotransfer coefficients (Tco) in Equation 5.3.4.4. 
See the TSD (OEHHA, 2012a), Appendix J for details on development of biotransfer 
factors.  The substances assessed by the mother’s milk pathway are shown in Table 
5.1. 

A.	 Equation 5.3.4.4: Cm = [(Dinder x Tcom_inder) + (Ding x Tcom_ing)] x BW 

1.	 Cm = Concentration in mother’s milk (mg/kg-milk) 
2.	 Dinder = The sum of DOSEair + DOSEdermal through inhalation and 

dermal absorption (mg/kg-BW-day) 
3.	 Ding = The sum of DOSEfood + DOSEsoil + DOSEwater through 

ingestion (mg/kg-BW-day) 
4.	 Tcom_inder = Biotransfer coefficient from inhalation and dermal 

absorption to mother’s milk (d/kg-milk) 
5.	 Tcom_ing = Biotransfer coefficient from ingestion to mother’s 

milk (d/kg-milk) 
6.	 BW = Body weight of mother (Kg) 
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a:	 Recommended cancer risk default values for EQ 5.3.4.4: 

1.	 Ding = As calculated through ingestion of soil in EQ 5.4.3.1.1 + 
home-grown produce in EQ 5.4.3.2.1 + home-raised animal 
products in EQ 5.4.3.2.2 + drinking water in EQ 5.4.3.3.1 + 
angler-caught fish in EQ 5.4.3.4.1 

2.	 Dinder = As calculated through inhalation in EQ 5.4.1.1 + dermal 
exposure in EQ 5.4.2.1 

3. Tcom_inder =	 See Table 5.5
4. Tcom_ing =	 See Table 5.5 

b: Recommended noncancer risk default values for EQ 5.3.4.4: 

1.	 Ding = As calculated through ingestion of soil in EQ 5.4.3.1.2 + 
home-grown produce and home-raised animal products in 
EQ 5.4.3.2.3 + drinking water in EQ 5.4.3.3.2 + angler-
caught fish in EQ 5.4.3.4.2 

2.	 Dinder = As calculated through inhalation in EQ 5.4.1.1 + dermal 
exposure in EQ 5.4.2.2 

3. Tcom_inder =	 See Table 5.5
4. Tcom_ing =	 See Table 5.5 

c:	 Assumptions for EQ 5.3.4.4: 

1.	 Default age of mother at birth is 25 years of age, then nurses the infant for
1 year; Use 16<30 year old high-end (95th percentile) daily breathing rate
and intake rates for Ding and Dinder for estimating dose to mother.

2.	 For inhalation dose to mother’s milk, it is recommended that the EF variate 
in EQ 5.4.1.1 is left out for calculation of inhalation dose in the mother’s
milk pathway.

3.	 Biotransfer coefficient, Tcom_inder, the same for both inhalation and dermal
pathways based on lack of first-pass metabolism through the liver for both
of these pathways.

4.	 Biotransfer coefficient, Tcom_ing, the same for all ingestion pathways
based on first-pass metabolism through the liver.

5.	 For chemicals in Table 5.5 lacking either an oral or inhalation Tco, use the
oral Tco for the absent inhalation Tco (i.e., for PCDDs and PCDFs and
dioxin-like PCBs), or the inhalation Tco for the absent oral Tco (i.e., for
lead) in Equation 5.3.4.4.

6.	 The concentration in the mother’s milk is determined using the derived
approach to risk assessment. This method allows use of the high-end
dose point estimate for driving exposure pathways and the average dose
point estimates for other exposure pathways.  See Sections 8.2.6 (cancer)
and 8.3.3 (noncancer) for the description of the methodology on how to
implement the derived methodology.
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Table 5.2a Substance-Specific Default Values for Organic Multipathway Substances
 

Root Uptake Factors 

Multipathway 
Substance Log Koc 

Log 
Kow 

Fish 
BAF Root Leafy Exposed Protected GRAF2 

Soil 
HalfLife 
(days) 

Creosotes NA NA 8 x 10+2 NA NA NA NA 1.0 4.3 x 10+2 

Diethylhexyl-
phthalate 5.341 7.631 4 x 10+1 NA NA NA NA 1.0 1.5 x 10+1 

Dioxins and Furans NA NA 3 x 10+5 NA NA NA NA 0.43 7.0 x 10+3 

Hexachlorobenzene NA NA 8 x 10+4 NA NA NA NA 1.0 1.0 x 10+8 

Hexachlorocyclo-
hexanes NA NA 3 x 10+3 NA NA NA NA 1.0 9.4 x 10+1 

4,4’-Methylene 
dianiline 2.243 1.594 NA NA NA NA NA 1.0 4.6 x 10+2 

Pentachlorophenol5 

Polycyclic Aromatic 
Hydrocarbons (PAHs) NA NA 8 x 10+2 NA NA NA NA 1.0 4.3 x 10+2 

Polychlorinated 
Biphenyls NA NA 2 x 10+6 NA NA NA NA 1.0 3.2 x 10+3 

(1) Averaged log Kow and Koc values determined by most reliable methods (Staples et al., 1997) 
(2) GRAF (Gastrointestinal Relative Absorption Factor).  The guidelines allow for adjusting for bioavailability where the evidence warrants.  For 
example, there are good data which indicate that dioxin is not as available to an organism when bound to soil or fly ash matrices relative to when it 
is in solution or in food.  Therefore, a bioavailability factor is incorporated into the model to account for this difference.  When information becomes 
available for other chemicals of concern, this type of bioavailability will be incorporated into the model. 
(3)  Measured by Hansch et al. (1985) 
(4)  Estimated according to methodology of Lyman et al. (1990) 
(5)  To be evaluated for specific default values in future amendments to the Hot Spots Program. 
NA - Data Not Available or Not Applicable 
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Table 5.2b Substance-Specific Default Values for Inorganic Multipathway Substances 

Root Uptake Factors 

Multipathway 
Substance 

Log 
Koc 

Log 
Kow 

Fish 
BAF Root Leafy Exposed Protected GRAF1 

Soil 
HalfLife 
(days) 

Arsenic & Inorganic 
Compounds NA NA 2 x 10+1 8 x 10 -3 1 x 10 -2 2 x 10 -2 7 x 10 -2 1.0 1.0 x 10+8 

Beryllium & 
Compounds NA NA 4 x 10+1 5 x 10 -3 2 x 10 -4 8 x 10 -3 3 x 10 -4 1.0 1.0 x 10+8 

Cadmium & 
Compounds NA NA 4 x 10+1 8 x 10 -2 1 x 10 -1 2 x 10 -2 1 x 10 -2 1.0 1.0 x 10+8 

Chromium VI & 
Compounds NA NA 2 x 10+1 3 x 10+0 3 x 10 -1 2 x 10 -2 7 x 10 -2 1.0 1.0 x 10+8 

Fluorides (soluble 
compounds) NA NA NA 9 x 10 -3 4 x 10 -2 4 x 10 -3 4 x 10 -3 1.0 1.0 x 10+8 

Lead & Compounds NA NA 2 x 10+1 4 x 10 -3 8 x 10 -3 7 x 10 -3 3 x 10 -3 1.0 1.0 x 10+8 

Mercury & Inorganic 
Compounds2 NA NA 8 x 10+1 2 x 10 -2 2 x 10 -2 9 x 10 -3 1 x 10 -2 1.0 1.0 x 10+8 

Nickel and 
compounds NA NA 2 x 10+1 6 x 10 -3 1 x 10 -2 3 x 10 -3 3 x 10 -2 1.0 1.0 x 10+8 

Selenium & 
compounds NA NA 1 x 10+3 7 x 10 -2 6 x 10 -2 4 x 10 -2 3 x 10 -1 1.0 1.0 x 10+8 

(1) GRAF (Gastrointestinal Relative Absorption Factor).  The guidelines allow for adjusting for bioavailability where the evidence warrants.  For 
example, there are good data which indicate that dioxin is not as available to an organism when bound to soil or fly ash matrices relative to when it 
is in solution or in food.  Therefore, a bioavailability factor is incorporated into the model to account for this difference.  When information becomes 
available for other chemicals of concern, this type of bioavailability will be incorporated into the model. 
(2) Methyl mercury (MeHg) is not represented in the category “mercury & inorganic compounds”.  The BAF for methyl mercury is orders of 
magnitude higher than for inorganic mercury. Assessment of MeHg for the fish pathway is not directly applicable to the Hot Spots program, as no 
facilities are known to emit MeHg directly into the air (OEHHA, 2012; OEHHA, 2006), but it may be formed by action of microbes in sediment.  
Assessing the methylation of mercury deposited into a water body is difficult, and is also very water body-specific. At this time OEHHA cannot 
address this issue in the Hot Spots program, but will consider addressing this problem in future amendments of the Guidance. 
NA - Data Not Available or Not Applicable. 
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Table 5.3a Animal Transfer Coefficients for Persistent 
Organic Chemicals 

Organic Chemical Tco (d/kg)a 

Cow’s 
Milk 

Chicken 
Egg 

Chicken 
Meat 

Cattle 
Meat 

Pig 
Meat 

Diethylhexylphthalate 9 x 10 -5 0.04 0.002 6 x 10 -4 5 x 10 -4 

Hexachlorobenzene 0.02 20 10 0.2 0.08 
Hexachlorocyclohexanes 0.01 7 5 0.2 0.09 
PAHs 0.01 0.003 0.003 0.07 0.06 
Polychlorinated biphenyls 
Congener 77 0.001 6 4 0.07 0.4 

81 0.004 10 7 0.2 0.4 
105 0.01 10 7 0.6 0.7 
114 0.02 10 7 0.9 0.7 
118 0.03 10 7 1 0.7 
123 0.004 10 7 0.2 0.7 
126 0.04 10 7 2 0.7 
156 0.02 10 8 0.9 2 
157 0.01 10 8 0.5 2 
167 0.02 10 8 1 2 
169 0.04 10 8 2 2 
189 0.005 10 8 0.2 1 

Unspeciated (PCB 126)b 0.04 10 7 2 0.7 
PCDD/Fs 
Congener 2,3,7,8-TCDD 0.02 10 9 0.7 0.1 

1,2,3,7,8-PeCDD 0.01 10 9 0.3 0.09 
1,2,3,4,7,8-HxCDD 0.009 10 6 0.3 0.2 
1,2,3,6,7,8-HxCDD 0.01 10 6 0.4 0.1 
1,2,3,7,8,9-HxCDD 0.007 7 3 0.06 0.02 
1,2,3,4,6,7,8-HpCDD 0.001 5 2 0.05 0.2 
OCDD 0.0006 3 1 0.02 0.1 
2,3,7,8-TCDF 0.004 10 6 0.1 0.02 
1,2,3,7,8-PeCDF 0.004 30 10 0.1 0.01 
2,3,4,7,8-PeCDF 0.02 10 8 0.7 0.09 
1,2,3,4,7,8-HxCDF 0.009 10 5 0.3 0.1 
1,2,3,6,7,8-HxCDF 0.009 10 6 0.3 0.09 
2,3,4,6,7,8-HxCDF 0.008 5 3 0.3 0.06 
1,2,3,7,8,9-HxCDF 0.009 3 3 0.3 0.03 
1,2,3,4,6,7,8-HpCDF 0.002 3 1 0.07 0.06 
1,2,3,4,7,8,9-HpCDF 0.003 3 1 0.1 0.02 
OCDF 0.002 1 0.6 0.02 0.03 

Unspeciated (2,3,7,8-TCDD)b 0.02 10 9 0.7 0.1 
a All Tco values were rounded to the nearest whole number. 
b For unspeciated mixtures, use PCB 126 Tcos to represent the class of PCBs, and 2378-TCDD 
Tcos to represent the class of PCDDs/Fs. 
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Table 5.3b Animal Transfer Coefficients for Inorganic Chemicals
 

Inorganic Metals and 
Chemicals 

Tco (d/kg)a

Cow’s 
Milk 

Chicken 
Egg 

Chicken 
Meat 

Cattle 
Meat 

Pig 
Meat 

Arsenic 5 x 10 -5 0.07 0.03 2 x 10 -3 0.01b

Beryllium 9 x 10 -7 0.09 0.2 3 x 10 -4 0.001 
Cadmium 5 x 10 -6 0.01 0.5 2 x 10 -4 0.005 
Chromium (VI) 9 x 10 -6 NAc NA NA NA 
Fluoride 3 x 10 -4 0.008 0.03 8 x 10 -4 0.004b

Lead 6 x 10 -5 0.04 0.4 3 x 10 -4 0.001b

Mercury 7 x 10 -5 0.8 0.1 4 x 10 -4 0.002b

Nickel 3 x 10 -5 0.02 0.02 3 x 10 -4 0.001 
Selenium 0.009 3 0.9 0.04 0.5 
a All Tco values were rounded to the nearest whole number. 
b The meat Tco was estimated using the metabolic weight adjustment ratio of 4.8 from cattle to pig 

NA – no data available or was not applicable 

Table 5.4 Point Estimates for Animal Pathway 

Parameter Beef 
Cattle 

Lactating 
Dairy 
Cattle 

Pigs Meat 
Poultry 

Egg-
laying 

Poultry 
BW (body weight in kg) 533 575 55 1.7 1.6 
BRa (inhalation rate in m3/d) 107 115 7 0.4 0.4 
WIa (water consumption in kg/d) 45 110 6.6 0.16 0.23 
FI (Food Intake in kg/d) 
DMI a and/or pasture grazingb 9 22 2.4 0.13 0.12 

FSf (soil fraction of feed) 0.01 0.01 NA NA NA 
FSp (soil fraction of pasture) 0.05 0.05 0.04 0.02 0.02 
a Dry matter intake 
b For beef and dairy cattle, pasture grazing is assumed to be leafy vegetation (grasses, including 
greenchop) and accounts for half of the cattle’s diet (FG=0.5 in Section 5.3.4.2.3).  The default assumes 
on-site pasture grazing contaminated by facility emissions.  Fraction of feed or dry matter intake (e.g., 
hay, grain) grown on-site is assumed to be contaminated by facility emissions and fraction of feed that is 
grown off-site is not assumed to be contaminated. A default may be used that assumes all feed is grown 
off-site (L=0 in Section 5.3.4.2.3), but a survey is recommended to verify the fractions of feed grown on-
site and off-site. 
For pigs with access to soil, but usually confined to a pen, default assumes no pasture grazing (FG=0 in 

Section 5.3.4.2.3).  For feed, estimated intake consists of equal portions of all plant types including 
exposed, leafy, protected and root  in which 10% (L=0.1 in Section 5.3.4.2.3) of the diet is homegrown 
and contaminated by facility emissions.  The fraction of feed that was transported from an off-site location 
is assumed not to be contaminated by facility emissions.  
For poultry including egg-laying and broiler chickens that have access to soil, default assumes no 

pasture grazing (FG=0 in Section 5.3.4.2.3).  Estimated feed intake is composed of equal proportions of 
all plant types with 5% (L=0.05 in Section 5.3.4.2.3) homegrown and contaminated by facility emissions.  
The fraction of feed grown off-site and transported to the receptor was not contaminated by facility 
emissions. 
NA - Not applicable. Assume FSf is equal to zero. 
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)aTable 5.5 Mother’s Milk Transfer Coefficients (Tcom

Chemical/chem. group Tcom (day/kg-milk) 
PCDDs - oralb 3.7 
PCDFs - oralb 1.8 
Dioxin-like PCBs - oralb 1.7 
PAHs – inhalationc 1.55 
PAHs – oral 0.401 
Lead - inhalationd 0.064 

a These compound classes represent the chemicals of greatest concern for the mother’s milk pathway 
under the Hot Spots program.  It is expected that additional transfer coefficients will be developed for 
other multipathway chemicals in the Hot Spots Program as data becomes available and is reviewed. 
b Use the oral Tcom for the inhalation and dermal pathways.  The PCDD, PCDF and dioxin-like PCB Tcos 
were derived using a Random-effects model from individual Tcom estimates for 7 PCDDs, 9 PCDFs and 
12 dioxin-like PCBs (See OEHHA, 2012, Appendix J). 
c Use the inhalation Tcom for the dermal pathway 
d Use the inhalation Tcom for the ingestion and dermal pathways 
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5.4 Estimation of Dose 

Once the concentrations of substances are estimated in air, soil, water, plants, and 
animal products, they are used to evaluate estimated exposure to people.  Exposure is 
evaluated by calculating the daily dose in milligrams per kilogram body weight per day 
(mg/kg/d).  The following algorithms calculate this dose for exposure through inhalation, 
dermal absorption, and ingestion pathways. All chemicals must be assessed for 
exposure through inhalation. If there are emissions of one or more of the subset of 
semi- or non-volatile multipathway substances, the soil ingestion pathway and the 
dermal soil exposure pathway are also assessed. The mother’s milk pathway may also 
be a mandatory pathway depending on the multipathway substance released (See 
Table 5.1). The other exposure pathways may also need to be assessed if a survey of 
the exposure site shows they are present (e.g., ingestion of water, home-grown crops, 
home-raised animal products, and angler-caught fish).  

This section contains average and high-end point estimates and data distributions for 
adults and children for many exposure pathways.  The point-estimates and data 
distributions for children fall within the 3rd trimester, 0<2, 2<9, and 2<16 year age 
groupings.  The point-estimates and data distributions for adults fall within the 16<30 
and 16-70 year age groupings.  When evaluating 9-, 30-, and 70-year exposure 
durations for cancer risk assessment, assessors will use distributions starting at the 
third trimester.  

Workers are assessed for cancer risk as adults using 8-hour breathing rate point 
estimates (See Table 5.8). Point estimates for workers are listed under “offsite worker.” 
OEHHA has not developed stochastic distributions for worker exposure. Therefore, 
there is no Tier 3 stochastic approach for offsite worker cancer risk assessment. 

5.4.1 Estimation of Exposure through Inhalation 

The dose through the inhalation route is estimated for cancer risk assessment and 
noncancer hazard assessment.  Both residential and offsite worker exposures are 
considered. Since residential exposure includes near-continuous long-term exposure at 
a residence and workers are exposed only during working hours (i.e., 8 hours/day), 
different breathing rate distributions are used. 

5.4.1.1 Residential Inhalation Dose for Cancer Risk Assessment 

Exposure through inhalation is a function of the breathing rate, the exposure frequency, 
and the concentration of a substance in the air. For residential exposure, the breathing 
rates are determined for specific age groups, so inhalation dose (Dose-air) is calculated 
for each of these age groups, 3rd trimester, 0<2, 2<9, 2<16, 16<30 and 16-70 years.  
OEHHA used the mother’s breathing rates to estimate dose for the 3rd trimester fetus 
assuming the dose to the fetus during the 3rd trimester is the same as the mother’s 
dose. These age-specific groupings are needed in order to properly use the age 
sensitivity factors for cancer risk assessment (see Chapter 8). A Tier 1 evaluation uses 
the high-end point estimate (i.e., the 95th percentiles) breathing rates for the inhalation 
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pathway in order to avoid underestimating cancer risk to the public, including children. 
A possible exception for using high-end breathing rates are when there is exposure to 
multipathway substances and two of the non-inhalation pathways drive the risk, rather 
than the inhalation pathway (see Chapter 8). 

A.	 Equation 5.4.1.1: Dose-air = Cair × {BR/BW} × A × EF × 10-6

1. Dose-air =	 Dose through inhalation (mg/kg/d)
2. Cair =	 Concentration in air (g/m3) 
3.	 {BR/BW} = Daily Breathing rate normalized to body weight (L/kg body

weight - day) 
4. A =	 Inhalation absorption factor (unitless) 
5.	 EF = Exposure frequency (unitless), days/365 days 

10-6 6.	 = Micrograms to milligrams conversion, liters to cubic meters 
conversion 

a:	 Recommended default values for EQ 5.4.1.1: 

1.	 {BR/BW} = Daily breathing rates by age groupings, see As supplemental
information, the assessor may wish to evaluate the inhalation 
dose by using the mean point estimates in Table 5.6 to 
provide a range of breathing rates for cancer risk assessment 
to the risk manager. 

2.	 Table (point estimates) and Table 5.7 (parametric model distributions for
Tier III stochastic risk assessment).  For Tier 1 residential 
estimates, use 95th percentile breathing rates in Table 5.6. 

3. A =	 1 
4. EF =	 0.96 (350 days/365 days in a year for a resident) 

b:	 Assumption for EQ 5.4.1.1: 

1.	 The fraction of chemical absorbed (A) is the same fraction absorbed in the
study on which the cancer potency or Reference Exposure Level is based.
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As supplemental information, the assessor may wish to evaluate the inhalation dose by 
using the mean point estimates in Table 5.6 to provide a range of breathing rates for 
cancer risk assessment to the risk manager. 

Table 5.6 Point Estimates of Residential Daily Breathing Rates for 
3rd trimester, 0<2, 2<9, 2<16, 16<30 and 16-70 years (L/kg BW-day) 

3rd 

Trimestera 
0<2 

years 
2<9 

years 
2<16 
years 

16<30 
years 

16<70 
years 

L/kg-day 
Mean 225 658 535 452 210 185 

95th Percentile 361 1090 861 745 335 290 
a 3rd trimester breathing rates based on breathing rates of pregnant women using the assumption that 
the dose to the fetus during the 3rd trimester is the same as that to the mother. 

Table 5.7 Daily Breathing Rate Distributions by Age Group for 
Residential Stochastic Analysis (L/kg BW-day) 

3rd 

Trimester 
0<2 

years 
2<9 

years 
2<16 
years 

16<30 
years 

16-70 
years 

Distribution Max 
extreme 

Max 
extreme 

Max 
extreme 

Log-
normal 

Logistic Logistic 

Minimum 78 196 156 57 40 13 
Maximum 491 2,584 1,713 1,692 635 860 
Scale 59.31 568.09 125.59 40.92 36.19 
Likeliest 191.50 152.12 462.61 
Location -144.06 
Mean 225 658 535 452 210 185 
Std Dev 72 217 168 172 75 67 
Skewness 0.83 2.01 1.64 1.11 0.83 1.32 
Kurtosis 3.68 10.61 7.88 6.02 5.17 10.83 

Percentiles 

5% 127 416 328 216 96 86 
10% 142 454 367 259 118 104 
25% 179 525 427 331 161 141 
50% 212 618 504 432 207 181 
75% 260 723 602 545 252 222 
80% 273 758 631 572 261 233 
90% 333 934 732 659 307 262 
95% 361 1090 861 745 335 290 
99% 412 1430 1140 996 432 361 
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5.4.1.2 Offsite Worker (MEIW) Inhalation Dose for Cancer Risk Assessment 

For worker exposure, the default assumes working age begins at 16 years, and that 
exposures to facility emissions occur during the work shift, typically up to 8 hours per 
day during work days. Breathing rates that occur over an 8-hour period vary depending 
on the intensity of the activity (See Table 5.8), and are used to estimate the inhalation 
dose. The 8-hour breathing rates may also be useful for cancer risk assessment of 
children and teachers exposed at schools during school hours.  

Another risk management consideration for the offsite worker scenario for cancer 
assessment of a Hot Spots facility is whether there are women of child-bearing age at 
the MEIW location and whether the MEIW has a daycare center.  Since the third 
trimester is only a short segment of the 25 year exposure duration used for the MEIW, 
the resulting risk estimate would not differ significantly.  An exception to this assumption 
is high exposure to carcinogens over a short period, as might occur during short-term 
projects (see Section 8.2.10).  In this case, risk assessment during the third trimester 
may be warranted.  However, if there is onsite daycare at the MEIW, then the risks to 
the children will be underestimated using the offsite adult worker scenario due to 
increased exposure (per kg body weight) and increased sensitivity to carcinogen 
exposure (see Section 8.2.1).  In this case, the Districts may wish to include a 
calculation of inhalation dose for the children in the onsite daycare, assuming they could 
be there from 0 to age 6 years. 

Exposed workers may be engaged in activities ranging from desk work, which would 
reflect breathing rates of sedentary/passive or light activities, to farm worker activities, 
which would reflect breathing rates of moderate intensity (See Table 5.9). OEHHA 
recommends default (Tier 1) point estimate 8-hour breathing rates in L/kg-8-hrs based 
on the mean and 95th percentile of moderate intensity activities, 170 and 230 L/kg-8-hrs, 
respectively, for adults 16-70 years old. 

Many facilities operate non-continuously, as in only 8-10 hours per day, but the air 
dispersion modeling is performed as if the emissions were uniformly emitted over 24 
hours a day, 7 days per week.  The air dispersion computer model used, including 
AERMOD and other models, typically calculate an annual average air concentration 
based on actual operating conditions but also include the hours of nonoperation in the 
average concentration. 

Therefore, there are two components that determine the worker exposure to facility 
emissions: 

1) What is the estimated concentration the worker is exposed to (i.e., breathes), 
during the work shift, and 

2) What is the amount of time the offsite worker’s schedule overlaps with the 
facility’s emission schedule? 

There are two approaches to estimating the modeled concentration the worker is 
breathing during the work shift.  The first approach uses a worker adjustment factor (i.e., 
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the WAF) to approximate what the worker is breathing based on the modeling run used 
for residential receptors. The second approach uses a special modeling run with the 
hourly raw results from an air dispersion analysis and is described in Appendix M. 

The first and more basic approach is to obtain the long term average concentration as 
you would for modeling a residential receptor, then adjusting this exposure 
concentration using the calculated WAF (EQ 5.4.1.2 B)  to estimate the concentration 
the offsite worker is exposed to during the work shift (shown as (Cair × WAF) in EQ 
5.4.1.2 A).  This method is characteristic of a default approach used in a Tier 1 
assessment.  Once the exposure concentration is determined, the worker’s inhalation 
dose (Dose-air) can be calculated as shown in EQ 5.4.1.2 A. 

The second approach for determining the air concentration the worker is exposed to 
uses a refined modeling run where the hourly raw dispersion model output are post 
processed to examine the hourly concentrations that fall within the offsite worker’s shift. 
This method provides a more representative estimate of the air concentration, but is 
more complex, and time consuming than the first method.  See Appendix M for 
information on how to simulate the long term concentration for the offsite worker that 
can be used to estimate inhalation cancer risk.  

The HARP software has the ability to calculate worker impacts using an approximation 
factor and, in the future, it will have the ability to post process refined worker 
concentrations using the hourly raw results from an air dispersion analysis. 

If the off-site worker’s shift does not completely overlap the emission schedule of the 
facility, then a Discount Factor (DF) may be applied to the WAF. Calculation of the DF 
is shown in EQ 5.4.1.2 C. The default assumption is that the offsite worker’s shift falls 
completely within the emission schedule of the facility, in which case DF=1.  Use of a 
DF less than 1 requires a survey at the MIEW to verify that some portion of the off-site 
worker shift is not subject to the facility emissions. 
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A.	 Equation 5.4.1.2 A: Dose-air = (Cair × WAF) × {BR/BW} × A × EF × 10-6 

1. Dose-air =	 Dose through inhalation (mg/kg/d) 
2. Cair =	 Annual average concentration in air (g/m3) 
3. WAF =	 Worker air concentration adjustment factor (unitless) 
4.	 {BR/BW} = Eight-hour breathing rate normalized to body weight (L/kg 

body weight - day) 
5. A =	 Inhalation absorption factor (unitless) 
6.	 EF = Exposure frequency (unitless), days/365 days)
 

10-6
 7.	 = Micrograms to milligrams conversion, Liters to cubic meters 
conversion 

a:	 Recommended default values for EQ 5.4.1.2 A: 

1.	 WAF = See EQ. 5.4.1.2 B for formula to calculate WAF, or App. M for 
refined post-processing modeling to calculate WAF. 

2.	 {BR/BW} = For workers, use age16-70 year, 95th percentile, moderate 
intensity 8-hour point estimate breathing rates (see Table 
5.8).  No worker breathing rate distributions exist for 
stochastic risk assessment. 

3. A =	 1 
4.	 EF = 0.68 (250 days / 365 days). Equivalent to working 5
 

days/week, 50 weeks/year.
 

b:	 Assumption for EQ 5.4.1.2 A: 

1.	 The fraction of chemical absorbed (A) through the lungs is the same 
fraction absorbed in the study on which the cancer potency factor is 
based. 

2.	 The source emits during the daylight hours. Calculate WAF (EQ 5.4.1.2 
B) if a special post-processing modeling run described in App. M was not 
completed. For nighttime emissions and exposure scenarios, see 
Appendix N. 
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B.  	Equation 5.4.1.2 B: WAF = (Hres / Hsource) × (Dres / Dsource) × DF 

1. WAF =	 Worker adjustment factor (unitless) 
2.	 Hres = Number of hours per day the annual average residential air 

concentration is based on (always 24 hours) 
3. Hsource =	 Number of hours the source operates per day 
4.	 Dres = Number of days per week the annual average residential air 

concentration is based on (always 7 days) 
5. Dsource =	 Number of days the emitting source operates per week 
6.	 DF = Discount factor, for when the offsite worker’s schedule 

partially overlaps the source’s emission schedule 

b: Recommended default values for EQ 5.4.1.2 B: 

1.	 DF = 1 for offsite worker’s schedule occurring within the source’s 
emission schedule. A site-specific survey may be used to 
adjust the DF using EQ 5.4.1.2 C. 

C.  Equation 5.4.1.2 C: DF = (Hcoincident / Hworker) × (Dcoincident / Dworker) 

1.	 Hcoincident = Number of hours per day the offsite worker’s schedule and 
the source’s emission schedule coincide 

2. Hworker =	 Number of hours the offsite worker works per day 
3.	 Dcoincident = Number of days per week the offsite worker’s schedule and 

the source’s emission schedule coincide 
4. Dworker =	 Number of days the offsite worker works per week 

Tier 2 adjustments for EQ 5.4.1.2 A-C may be used for: 

1.	 Eight-hour breathing rate. Point estimates in Table 5.8 for lower breathing rates 
of sedentary/passive and light intensity work activities may be substituted in site-
specific Tier 2 scenarios. Table 5.9 can be used to estimate breathing rate 
intensities for various job activities. Use of different breathing rates requires a 
survey of the exposed workplace and approval by Air District, ARB and OEHHA. 

2.	 Discount Factor (DF) in EQ 5.4.1.2 C. If a site-specific survey of the offsite 
worker schedule only partially overlaps with the source’s emission schedule, then 
a DF less than 1 may be calculated. Use of a DF less than 1 requires a survey of 
the exposed workplace and approval by the Air District or ARB. 

The 8-hour breathing rates are based on minute ventilation rates derived by U.S. EPA 
(2009). U.S. EPA employed a metabolic equivalent (METS) approach for estimating 
breathing rates.  This method determines daily time-weighted averages of energy 
expenditure (expressed as multipliers of the basal metabolic rate) across different levels 
of physical activity. The 8-hour breathing rates shown in Table 5.8 are divided into 
three categories: 
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Sedentary & Passive Activities (METS < 1.5) 

Light Intensity Activities (1.5 < METs < 3.0) 

Moderate Intensity Activities (3.0 < METs < 6.0) 

For example, a METS = 1 is roughly equivalent to energy expenditure during sleep and 
is close to the basal metabolic rate. A METS activity that is two to three times greater 
(METS = 2 to 3) is characteristic of light intensity activities, such as administrative office 
work or sales work as shown in Table 5.9. 

Under a Tier 1 scenario, the risk assessor may simply use the 95th percentile breathing 
rate for moderate intensity activities of 230 L/kg-8 hrs in Eq. 5.4.1.2 A to calculate the 
daily dose via the inhalation route to the worker.  In an example of a Tier 2 scenario, the 
risk assessor surveys the workplace and determines that the worker(s) at the MEIW 
receptor are primarily sitting at a desk performing administrative-type work on a 
computer. Referring to Table 5.9, this activity corresponds most closely to 
“administrative office work” with a mean activity level of 1.7 and a SD = 0.3. This level 
of activity is considered “light intensity activity” (i.e., 1.5 < METs < 3.0). With the prior 
approval of the Air District or ARB, the risk assessor may then use the 95th percentile 
breathing rate of 100 L/kg-8 hr for light intensity activities in Equation 5.4.1.2 A. 

Table 5.8. Eight-Hour Breathing Rate (L/kg per 8 Hrs) Point
 
Estimates for Males and Females Combineda,b
 

0<2 years 2<9 years 2<16 
years 

16<30 
years 

16-70 
years 

Sedentary & Passive Activities (METS < 1.5) 
Mean 200 100 80 30 30 
95th Percentile 250 140 120 40 40 

Light Intensity Activities (1.5 < METs < 3.0) 
Mean 490 250 200 80 80 
95th Percentile 600 340 270 100 100 

Moderate Intensity Activities (3.0 < METs < 6.0) 
Mean 890 470 380 170 170 
95th Percentile 1200 640 520 240 230 

a For pregnant women, OEHHA recommends using the mean and 95th percentile 8-hour 
breathing rates based on moderate intensity activity of 16<30 year-olds for 3rd trimester. 
b. Breathing rates in the table may be used for worker, school, or residential exposures 
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Table 5.9. METS Distributions for Workplace and Home Activities
 

Activity Description Mean Median SD Min Max 
Workplace Activities 
Administrative office work 1.7 1.7 0.3 1.4 2.7 
Sales work 2.9 2.7 1.0 1.2 5.6 
Professional 2.9 2.7 1.0 1.2 5.6 
Precision/production/craft/repair 3.3 3.3 0.4 2.5 4.5 
Technicians 3.3 3.3 0.4 2.5 4.5 
Private household work 3.6 3.5 0.8 2.5 6.0 
Service 5.2 5.3 1.4 1.6 8.4 
Machinists 5.3 5.3 0.7 4.0 6.5 
Farming activities 7.5 7.0 3.0 3.6 17.0 
Work breaks 1.8 1.8 0.4 1.0 2.5 
Household/Neighborhood Activities 
Sleep or nap 0.9 0.9 0.1 0.8 1.1 
Watch TV 1.0 1.0 - 1.0 1.0 
General reading 1.3 1.3 0.2 1.0 1.6 
Eat 1.8 1.8 0.1 1.5 2.0 
Do homework 1.8 1.8 - 1.8 1.8 
General personal needs and care 2.0 2.0 0.6 1.0 3.0 
Indoor chores 3.4 3.0 1.4 2.0 5.0 
Care of plants 3.5 3.5 0.9 2.0 5.0 
Clean house 4.1 3.5 1.9 2.2 5.0 
Home repairs 4.7 4.5 0.7 4.0 6.0 
General household chores 4.7 4.6 1.3 1.5 8.0 
Outdoor chores 5.0 5.0 1.0 2.0 7.0 
Walk/bike/jog (not in transit) age 20 5.8 5.5 1.8 1.8 11.3 
Walk/bike/jog (not in transit) age 30 5.7 5.7 1.2 2.1 9.3 
Walk/bike/jog (not in transit) age 40 4.7 4.7 1.8 2.3 7.1 

Table 5.10 lists some WAFs for a few typical scenarios.  For example, if the source is 
continuously emitting, then the offsite worker is assumed to breathe the long-term 
annual average concentration during their work shift. The WAF then becomes one and 
no concentration adjustments are necessary in this situation when estimating the 
inhalation cancer risk.  If the source is non-continuously emitting for 8 hours/day, 5 
days/week and the offsite worker’s shift completely overlaps the emitting facility’s 
operating schedule, then the WAF would be 4.2: 

(24 hrs/day / 8 hrs/day) x (7 days/week / 5 days/week) = 4.2 

If the offsite worker’s 8 hour/day shift only overlaps the emitting facility’s operation 
schedule for 4 hrs/day, then the WAF is 2.1 because the DF = 0.5 will reduce the WAF 
by half: DF = (4 hrs/day / 8 hrs/day) x (5 days/week / 5 days/week) = 0.5 
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Table 5.10: Example Worker Adjustment Factors (WAF) to Convert a 

Long-Term Daily Average Emission Concentration to an Off-Site
 

Worker Receptor Exposure
 

Off-Site Workers’ Shift 
Overlap with Facility’s 
Emission Schedulea 

Facility Operating Schedule Adjustment 
Factor 

8 hrs/day, 5 days/week Continuous (24 hrs/7 days/week) 1.0 

8 hrs/day, 5 days/weekb Non-continuous (8 hrs/5 days/week) 4.2 

4 hrs/day, 5 days/week Non-continuous (8 hrs/5 days/week) 2.1 
a Worker works 8 hours per day, 5 days per week 
b Workers’ work hours completely overlap the facilities operating hours 

5.4.1.3	 Inhalation Dose for Children at Schools and Daycare Facilities for Cancer Risk 
Assessment 

The 8-hour breathing rates and inhalation dose equations (EQ 5.4.1.2 A-C) may also be 
used to estimate risk to children when exposures occur while at school or at day care 
facilities. Breathing rate point estimates to use in Table 5.8 depend on the ages of the 
children at the exposed schools and day cares. As a Tier 1 default, moderate intensity 
breathing rates are recommended. Equations 5.4.1.2 A-C is used in the same way to 
estimate dose in children as it is for workers. 

5.4.1.4	 Non-Cancer Inhalation Exposure for Workers and Residents 

For typical daily work shifts of 8-9 hours, acute, 8-hour and chronic Reference Exposure 
Levels (RELs) described in Chapter 8 are used in health risk assessments to 
characterize the noncancer risks using the Hazard Index approach described in Chapter 
8 and in OEHHA (2008).  Uncertainty factors are already incorporated into the RELs 
used to assess noncancer risk, as explained in Chapter 8, so all that is needed to 
evaluate the noncancer hazard is the air concentration that the worker is exposed to. 
The modeled maximum 1-hour air concentration is determined for acute hazard 
assessment and the annual average air concentration is determined for chronic hazard 
assessment. The modeled average air concentration during a work shift is determined 
for 8-hour hazard assessment using the adjusted annual average air concentration 
described below. 

The 8-hour RELs are primarily designed to address offsite worker inhalation exposure at 
the MEIW because they better characterize the daily intermittent exposures of workers 
than the chronic RELs do. They are used in estimating the 8 hour Hazard Index for 
offsite workers.  The 8-hour RELs should be used for typical daily work shifts of 8-9 
hours.  For further questions, assessors should contact OEHHA, the District, or 
reviewing authority to determine if the 8-hour RELs should be used in your HRA.  Any 
discussions or directions to exclude the 8-hour REL evaluation should be documented 
in the HRA. 
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Note, however, there are only a handful of 8-hour RELs currently adopted for use in the 
Hot Spots program. Therefore, we also recommend performing chronic noncancer 
exposure assessment for the offsite worker (MEIW) based on the annual average air 
concentration at the MEIW.  Evaluation of the chronic Hazard Index should help protect 
workers who routinely work longer than 8 hour shifts.  Exposure to multipathway 
substances also requires noncancer hazard assessment for the dermal and oral soil 
exposure pathways for offsite workers.  Because there are few 8-hour RELs currently 
available, hazard assessment for the noninhalation pathways for multipathway 
substances is only applied when estimating the chronic Hazard Index. 

In addition, the Districts may wish to determine if there is an onsite daycare at the MEIW 
and include a calculation of the chronic and 8-hour inhalation dose for children, although 
onsite hazard assessment is not a requirement for a Hot Spots risk assessment. 

As explained in Section 5.4.1.2 for cancer risk, the modeled annual average air 
concentration is adjusted to the air concentration that the worker is actually exposed to 
if the facility operates non-continuously.  The typical method for this adjustment is by 
calculating the Worker Adjustment Factor (WAF) shown in EQ 5.4.1.4 B and multiplying 
this value by the annual average air concentration (Cair, in g/m3) in EQ 5.4.1.4 A.

Unlike cancer risk assessment, no discount factor (DF) is applied in noncancer 
assessment for partial overlap between the worker’s schedule and the source’s 
emission schedule. Adjustments for worker vacations, work shifts for shortened weeks 
(e.g., 1 - 4 days), and worker time away on weekends are also not appropriate. 

An alternative refined post-processing method, described in Appendix M, may be used 
to estimate the air concentration the worker is exposed to during their work schedule. 
OEHHA may be consulted about the particular chemical involved if it is important to 
make a more refined analysis. 

The equation to adjust the annual average air concentration to a worker 8-hour 
exposure concentration (i.e., the adjusted annual average ground level concentration) is 
expressed as: 

A.	 Equation 5.4.1.4 A: Adjusted Cair (g/m3) = Cair × WAF

Where WAF is determined as: 

B. 	Equation 5.4.1.4 B: WAF = (Hres / Hsource) × (Dres / Dsource) 

a: Assumptions for EQ 5.4.1.4 B: 

1.	 No adjustment of the WAF allowed for partial overlap of the worker’s
schedule and the source’s emission schedule. 

Alternatives for calculating off-site worker Adjusted Cair in EQ 5.4.1.4 A-B: 
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1.	 Rather than calculate the WAF for a non-continuous emitting facility, a 
post-processing of the hourly raw dispersion model output and examination of 
the hourly concentrations that fall within the offsite worker’s shift can be 
conducted to estimate the air concentration the worker is exposed to. This 
method is a more refined, complex, and time consuming approach, but should 
result in a more representative exposure concentration. See Appendix M for 
information on how to simulate the exposure concentration for the off-site worker. 

2.	 For continuously-emitting facilities (i.e., 24 hrs/day, 7 days/week), if an assessor 
does not wish to assume the worker breathes the long-term annual average 
concentration during the work shift, then a refined concentration can also be 
post-processed as described in Appendix M. All alternative assumptions should 
be approved by the reviewing authority and supported in the presentation of 
results. 

For residential exposure to non-continuously operating facilities, the modeled maximum 
1-hour and chronic air concentrations at the MEIR are determined for noncancer hazard 
assessment.  Hazard assessment for repeated 8-hour exposure at the MEIR is not 
required.  Chronic exposure assessment based on the annual average air concentration 
should adequately protect individuals, in part because residents are considered to be 
present at the MEIR at or near 24 hrs per day.  Many facilities operate for periods longer 
than 8 hours per day and the hazards are better characterized based on chronic 
exposure.  Nevertheless, differences between 8-hour and chronic exposures (i.e., 
higher daily 8-hour exposures vs. lower longer daily exposure 24 hrs/day) may result in 
different toxicological responses including potentially greater toxicological responses 
with either 8-hour or chronic exposure. There may also be cases such as special 
meteorological situations (e.g., significant diurnal-nocturnal meteorological differences) 
where the 8-hour REL will be more protective than the chronic REL. Thus, the air 
districts may also elect to have an 8-hour hazard assessment performed at the MEIR, 
using daily 8 hour exposures and the 8 hr RELs. 

Eight-hour exposure assessment is not recommended for continuously emitting sources 
for residential receptors.  In this situation it is only necessary to estimate chronic 
exposure based on the annual average concentration.  However, there may be 
situations where the air district may wish to assess an 8-hour residential exposure to 
continuously operating facilities, for example, where there are significant differences in 
modeled concentration of emissions during the day due to diurnal wind patterns. 

For estimating the air concentration from non-continuously operating facilities, EQ 
5.4.1.4.A is also used to adjust the annual average concentration to what the residents 
are exposed to. This is the air concentration that the 8-hour REL will be compared to as 
discussed in Chapter 8. The alternative refined post-processing method described in 
Appendix M may also be used to estimate residential exposure. 

In summary, the requirements for noncancer hazard assessment using the Hazard 
Index approach at the MEIW and MEIR are as follows. 
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For offsite worker exposure: 

	 Acute hazard assessment based on the maximum 1-hour air concentrations and
1-hour RELs

	 Eight-hour hazard assessment based on daily average 8-hour exposure
(estimated using adjusted annual average air concentration in EQ 5.4.1.4 A and
B or by post-processing method in App. M) for those substances with 8-hour
RELs

	 Chronic hazard assessment based on annual average exposure and chronic
RELs, and oral chronic RELs for noninhalation routes of multipathway
substances

For residential exposure: 

	 Acute hazard assessment based on the maximum 1-hour air concentration and
1-hour RELs

	 Eight-hour hazard assessment based on daily average 8-hour exposure not
required, but can be performed at the discretion of the air districts for exposure to
non-continuously operating facilities based on the adjusted annual average air
concentration (EQ 5.4.1.4 A and B or method in App. M).  Eight-hour
assessments not recommended for exposure to continuously operating facilities

	 Chronic hazard assessment based on annual average exposure and chronic
RELs, and oral chronic RELs for noninhalation routes of multipathway
substances

5.4.1.5 Exposure Frequency and Age Groupings for Noncancer Hazard Assessment 

For cancer risk, the basic assumption is that risk is associated with cumulative dose of 
carcinogen. Thus, the dose used to estimate cancer risk can be adjusted for exposure 
frequency, as well as time spent within the MEIR or MEIW location. Chronic RELs are 
not necessarily related to cumulative dose. Thus, adjusting the estimated dose used to 
calculate hazard index for exposure frequency or time away from the MEIR or MEIW is 
not appropriate. 

The average daily dose for chronic noncancer assessment is based on exposure 
beginning at birth to 70 years of age, necessitating calculation of a time-weighted 
average for age 0-2, 2-16 and 16-70 years.  Since we are not applying Age Sensitivity 
Factors for assessing non-cancer hazard, the 3rd trimester is not explicitly called out for 
determining dose, as it is for cancer risk assessment. Rather adult exposure is 
considered, which would include pregnant women in any trimester. Both inhalation and 
oral RELs incorporate safety factors to protect sensitive human populations. 

5.4.2 Estimation of Exposure through Dermal Absorption 

Exposure through dermal absorption (dose-dermal) is a function of the soil or dust 
loading of the exposed skin surface, the amount of skin surface area exposed, and the 
concentration and availability of the substance. In the previous edition of OEHHA’s 
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exposure guidelines document (OEHHA, 2000), we recommended using specified 
average and high-end point estimate values for four of the variates (body weight, 
exposed surface area of skin, soil load on skin and frequency of exposure) in the 
stochastic analysis for dermal dose. This equation required multiplying values together, 
which could lead to overly conservative exposure estimates when high-end values were 
used. By combining information from the four variates into one composite distribution, 
over-conservatism may be avoided. 

To this end, OEHHA created a new variate, “annual dermal load”, or ADL, which is a 
composite of the body surface area (BSA) per kg body weight, exposure frequency, and 
soil adherence variates.  Point estimates from the composite “annual dermal load” can 
be used for point estimate assessments while parameters and information on the type 
of distribution (e.g., lognormal) can be used for Tier III stochastic risk assessments. For 
details on the development of the ADL, refer to the Technical Support Document for 
Exposure and Stochastic Analysis (OEHHA, 2012). 

5.4.2.1 Dermal Dose for Cancer Risk Assessment 

The dose through residential dermal exposure to contaminated soil varies by age and is 
calculated for each age group (e.g., 3rd trimester, 0<2 yrs, 2<9 yrs, 2<16 yrs, 16<30 
and 16-70 yrs).  These age-specific groupings are needed in order to properly use the 
age sensitivity factors for cancer risk assessment (see Chapter 8).  This pathway is also 
assessed for exposure to offsite workers; a separate ADL for offsite workers is 
presented in Table 5.11.  Children at a MEIW daycare, if present, may also be assessed 
for exposure if the District deems it advisable. 

A. 	 Equation 5.4.2.1: Dosedermal = ADL × Cs × ABS × 10-9 / 365 

1.	 Dosedermal = Exposure dose through dermal absorption (mg/kg-d) 
2.	 ADL = Annual dermal load (mg soil/kg BW-yr) 
3.	 Cs = Average soil concentration (g/kg) 
4.	 ABS = Fraction absorbed across skin (unitless) 

10-9 5. =	 Conversion factor for chemical & soil (µg to mg, mg to kg) 
6.	 1/365 = Conversion factor for ADL from yrs to days 

a:	 Recommended default values for EQ 5.4.2.1: 

1.	 ADL = See Table 5.11 (point estimates) & Table 5.12 a-d 
(distributions) 

2.	 Cs = Calculated above in EQ 5.3.2 A 
3.	 ABS = See Table 5.13 

b:	 Assumption for EQ 5.4.2.1: 

1.	 The ADL for the third trimester of the fetus is based on the ADL of the 
mother; when normalized to body weight, we assume that exposure to the 
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mother and the fetus will be the same. The mother’s exposure is based 
on that of adults 16-30 years of age in Table 5.11 and 5.12d. 

2.	 Exposure frequency (EF) for vacation time spent away from exposure 
does not appear as a variate in EQ 5.4.2.1, as it is incorporated in the ADL 
and includes a 2-week vacation per year away from dermal soil exposure 
for both residents and offsite workers. 

Climate will strongly influence people’s choice of clothing.  Due to California’s varied 
climatic regions and existing data on clothing choices at different temperatures, three 
levels of climatic conditions, warm, mixed, and cold, are used to describe California’s 
climate regions: 

1.	 A warm climate is characteristic of Southern California areas such as Los 

Angeles, which can have warm to hot temperatures throughout the year. 


2.	 A “mixed” climate is one that has warm-to-hot temperatures during much of the 
year (daily highs over 80 degrees are common), roughly from April to October, 
and cold temperatures (lows near or below freezing) during the remainder of the 
year.  The mountains and central valley are examples of a mixed climate. 

3.	 A cold climate is representative of San Francisco, Eureka, and other northern 
coastal communities, which have cool temperatures (daily highs of less than 65 
degrees) for the majority of the year and can receive a considerable amount of 
fog and rainfall. 

OEHHA recommends consulting the local air district for assistance on selecting the 
most appropriate climate. 

Table 5.11 Recommended Annual Dermal Load Point Estimates 
(in mg/kg-yr) for Dermal Exposure 

3rd 

Trimestera 
Children 
0<2 yrs 

Children 
2<9 yrs 

Children 
2<16 yrs 

Adultsb Offsite 
Workerc 

Warm climate 
Mean 
95 th percentile 

1.2 x 103 

2.6 x 103 
3.6 x 103 

4.3 x 103 
7.5 x 103 

9.1 x 103 
6.4 x 103 

8.5 x 103 
1.2 x 103 

2.6 x 103 
2.6 x 103 

5.0 x 103 

Mixed climate 
Mean 
95 th percentile 

1.1 x 103 

2.4 x 103 
2.2 x 103 

2.9 x 103 
6.6 x 103 

8.7 x 103 
5.7 x 103 

8.1 x 103 
1.1 x 103 

2.4 x 103 
2.6 x 103 

5.0 x 103 

Cold climate 
Mean 
95 th percentile 

0.7 x 103 

2.1 x 103 
1.2 x 103 

1.9 x 103 
3.1 x 103 

5.2 x 103 
2.8 x 103 

5.1 x 103 
0.7 x 103 

2.1 x 103 
2.6 x 103 

5.0 x 103 

a The ADL for the 3rd trimester of the fetus is based on the ADL of the mother; when normalized to body 
weight, we assume that exposure to the mother and the fetus will be the same 
b Residential adult ADLs are for both 16<30 and 16-70 year age groups 
c Assumes exposure only to face, hands and forearms regardless of climate region 
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Tables 5.12a - d Annual Dermal Load Distributions by Age Group 
and Climate for Stochastic Analysis 

Table 5.12a Annual Dermal Load (mg/kg-yr) Distributions for the 

0<2 Year Age Group
 

Climate Type Warm 
climate 

Mixed 
climate 

Cold 
climate 

Distribution Student’s t Logistic Triangular 
Minimum 0.2 x 103

Likeliest 0.7 x 103

Maximum 2.6 x 103

Scale 0.41 0.28 
Deg. freedom 3 
Midpoint 3.6 x 103

Mean 3.6 x 103 2.2 x 103 1.2 x 103

50th percentile 3.6 x 103 2.2 x 103 0.9 x 103

90 th percentile 4.1 x 103 2.8 x 103 1.9 x 103

95 th percentile 4.3 x 103 2.9 x 103 1.9 x 103

99 th percentile 4.7 x 103 3.1 x 103 2.1 x 103

Table 5.12b Annual Dermal Load (mg/kg-yr) Distributions for the 

2<9 Year Age Group
 

Climate Type Warm 
climate 

Mixed 
climate 

Cold 
climate 

Distribution Min extreme Min extreme Triangular 
Minimum 0.4 x 103

Likeliest 8.0 x 103 7.3 x 103 1.9 x 103

Maximum 6.9 x 103

Scale 0.1 1.3 
Mean 7.5 x 103 6.6 x 103 3.1 x 103

50 th percentile 7.7 x 103 6.5 x 103 2.3 x 103

90 th percentile 8.7 x 103 8.4 x 103 5.1 x 103

95 th percentile 9.1 x 103 8.7 x 103 5.2 x 103

99 th percentile 9.7 x 103 9.4 x 103 5.7 x 103
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Table 5.12c Annual Dermal Load (mg/kg-yr) Distributions for the 
2<16 Year Age Group 

Climate Type Warm 
climate 

Mixed 
climate 

Cold 
climate 

Distribution Min extreme Logistic Triangular 
Minimum 0.3 x 103 

Likeliest 7.2 x 103 1.6 x 103 

Maximum 6.9 x 103 

Scale 1.29 0.91 
Mean 6.4 x 103 5.7 x 103 2.8 x 103 

50 th percentile 6.6 x 103 5.7 x 103 2.2 x 103 

90 th percentile 8.1 x 103 7.7 x 103 4.8 x 103 

95 th percentile 8.5 x 103 8.1 x 103 5.1 x 103 

99 th percentile 9.3 x 103 8.9 x 103 5.6 x 103 

Table 5.12d Annual Dermal Load (mg/kg-yr) Distributions for
 
Residential Adults (Age 16-30 and 16-70 Years) a and
 

Offsite Workers
 

Receptor Residential Adult Offsite Worker 
Climate Type Warm Mixed Cold All Climatesb 

Distribution Beta Beta Gamma Lognormal 
Minimum 0.2 x 103 0.02 x 103 

Maximum 3.3 x 103 0.3 x 103 

Scale 0.07 
Mean 1.2 x 103 1.1 x 103 0.7 x 103 2.6 x 103 

50 th percentile 1.2 x 103 1.0 x 103 0.5 x 103 2.3 x 103 

90 th percentile 2.4 x 103 2.1 x 103 1.6 x 103 4.5 x 103 

95 th percentile 2.6 x 103 2.4 x 103 2.1 x 103 5.0 x 103 

99 th percentile 2.9 x 103 2.6 x 103 2.3 x 103 6.4 x 103 

a The ADL distribution for the 3rd trimester is based on the ADL distribution of the mother; we assume the 
same ADL distribution for residential adult (the mother) and the fetus 
b Face, hands and forearms are exposed only, regardless of climate 
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Table 5.13 Dermal Absorption Fraction Factors (ABS) as Percent 
from Soil for Semi-Volatile and Solid Chemicals under the OEHHA 

“Hot Spots” Program 

Chemical ABS 
Inorganic chemicals 
Arsenic 6 
Beryllium 3 
Cadmium 0.2 
Chromium (VI) 2 
Fluorides (soluble compounds) 3 
Lead 3 
Mercury 4 
Nickel 2 
Selenium 3 
Organic chemicals 
Creosotes 13 
Diethylhexylphthalate 9 
Hexachlorobenzene 4 
Hexachlorocyclohexanes 3 
4,4’methylene dianiline 10 
Pentachlorophenol a 

Polychlorinated biphenyls 14 
Polychlorinated dibenzo-p-dioxins and dibenzofurans 3 
Polycyclic aromatic hydrocarbons 13 

a To be determined in future amendments to the Hot Spots Program 

Skin permeability is related to the solubility or strength of binding of the chemical in the 
delivery matrix (soil or other particles) versus the receptor matrix, the skin’s stratum 
corneum. Fractional dermal absorption point estimate values were derived by OEHHA 
from available literature sources for the semi-volatile and nonvolatile chemicals in the 
“Hot Spots” program. The rationale for the chemical-specific dermal absorption fraction 
values, and the use of default values in cases where sufficient data are lacking, can be 
found in Appendix F of the Technical Support Document for Exposure and Stochastic 
Analysis (OEHHA, 2012). 

5.4.2.2 Chronic Noncancer Dermal Dose 

Dermal exposure, and thus annual dermal load (ADL), varies by age group. Therefore, 
a time-weighted average ADL for age 0-70 years (0-2, 2-16, and 16-70 years) is 
estimated for chronic residential exposure using ADL values in Table 5.12. This 
exposure pathway is also assessed for offsite workers using the offsite worker ADL 
values in Table 5.12d.  Children at a MEIW daycare, if present, may also be assessed 
for exposure if the District deems it advisable. The contribution to the dermal dose is 
determined for each age group in EQ 5.4.2.2: 
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A.	 Equation 5.4.2.2: Dosedermal = ADL × Cs × ABS × 10-9 × ED/AT × (1/350)

1.	 Dosedermal = Exposure dose through dermal absorption (mg/kg/d) 
2.	 ADL = Annual dermal load (mg/kg-yr), age-specific 
3.	 Cs = Average soil concentration (g/kg) 
4.	 ABS = Fraction absorbed across skin (unitless)
 

10-9
 5. =	 Conversion factor for chemical & soil (µg to mg, mg to kg) 
6.	 1/350 = Conversion factor for ADL from yrs to days (Note: this 

conversion is needed to remove EF, expressed as 
350 days/365 days, from the ADLs in Table 5.12a-d) 

7.	 ED = Exposure duration for specified age groups: 2 yrs for 0<2, 
14 yrs for 2<16, 54 yrs for 16-70 for residential exposure, 

8.	 AT = Averaging time for residential exposure – 70 yrs 

a:	 Recommended default values for EQ 5.4.2.2: 

1.	 ADL = See Table 5.11 for point estimates by age group, climate 
region and receptor type (resident or worker) 

2.	 Cs = Calculated above in EQ 5.3.2 A 
3.	 ABS = See Table 5.13 

b: Recommended off-site worker default modifications to EQ 5.4.2.2: 

1.	 Chronic dermal dose to the off-site worker assumes only adult exposure
and is incorporated into the off-site worker ADL in Table 5.12d.

2.	 A time-weighted average estimate of dose is not necessary and the ED
and AT variates are left out of EQ 5.4.2.2 for dermal dose to the worker.

c:	 Recommended nursing mother default modifications to EQ 5.4.2.2: 

1.	 For dermal dose to mother’s milk, use the ADL for age 16-30 years in
Table 5.12d.

2.	 The ED and AT variates in EQ 5.4.2.2 are left out for dermal dose in the
mother’s milk pathway. 

d:	 Assumptions for EQ 5.4.2.2: 

1.	 For cancer risk assessment, Exposure Frequency (EF) for vacation time
away from exposure is incorporated into the ADLs shown in Tables 5.11
and 5.12 using the basic assumption that cancer risk is associated with
cumulative dose of carcinogen. The dose used to estimate cancer risk
can be adjusted for EF, and for time spent within the MEIR or MEIW
location.  Chronic RELs are not necessarily related to cumulative dose.
Thus, adjusting the estimated dose for EF at the MEIR or MEIW is not
appropriate, and the unadjusted daily rate is used in EQ 5.4.2.2.

2.	 For worker exposure, the annual average concentration should not be
adjusted to account for worker and facility emission schedules, as done for
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inhalation cancer risk assessment. The pollutant will be deposited and 
accumulate in the soil in the absence or presence of the worker; therefore, 
the total deposition and soil concentration will be dependent on the annual 
average air concentration. 

For residential chronic exposure, the dermal dose contribution for each age group is 
summed together to obtain the time-weighted average daily dermal dose for chronic 
hazard assessment: 

(ADL age 0<2 × Cs × ABS × 10-9 × 2 / 70 × (1/350)) + 

(ADL age 2<16 × Cs × ABS × 10-9 × 14 / 70 × (1/350)) + 

(ADL age 16-70 × Cs × ABS × 10-9 × 54 / 70 × (1/350)) = Chronic Dosedermal 

5.4.3 Estimation of Exposure through Ingestion 

Exposure through ingestion is a function of the concentration of the substance in the 
ingested soil, water, and food, the gastrointestinal absorption of the substance, and the 
amount ingested. 

5.4.3.1 Exposure through Ingestion of Soil 

There are no distributions for soil ingestion currently recommended. Tier III stochastic 
risk assessments should include a high-end point estimate of soil ingestion, soil loading, 
exposure frequency and soil area. 

5.4.3.1.1 Soil Ingestion Dose for Cancer Risk 

The exposure dose through residential soil ingestion varies by age and is calculated for 
each age group ((e.g., 3rd trimester, 0<2 yrs, 2<9 yrs, 2<16 yrs, 16<30 and 16-70 yrs). 
These age-specific groupings are needed in order to properly use the age sensitivity 
factors for cancer risk assessment (see Chapter 8). This pathway is also assessed for 
exposure to off-site workers.  Children at a MEIW daycare, if present, may also be 
assessed for exposure if the District deems it advisable. The dose from inadvertent soil 
ingestion can be estimated by the point estimate approach using the following general 
equation: 
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A. 	 Equation 5.4.3.1.1: DOSEsoil = Csoil x GRAF x SIR x 10-9 x EF 

1.	 DOSEsoil = Dose from soil ingestion (mg/kg BW-day) 
10-9 2. =	 Conversion factor (g to mg, mg to kg) 

3.	 Csoil = Concentration of contaminant in soil (g/kg) 
4.	 GRAF = Gastrointestinal relative absorption fraction, chemical-

specific (unitless) 
5.	 SIR = Soil ingestion rate (mg/kg BW-day) 
6.	 EF = Exposure frequency (unitless), (days/365 days) 

a:	 Recommended default values for EQ 5.4.3.1.1: 

1.	 Csoil = Calculated above in EQ 5.3.2 A 
2.	 GRAF = See Table 5.2 
3.	 SIR = See Table 5.14 
4.	 EF = 350 d/year resident, 250 d/year worker 

In this approach, it is assumed that the soil ingested contains a representative 
concentration of the contaminant(s) and the concentration is constant over the exposure 
period. 

The term GRAF, or gastrointestinal relative absorption factor, is defined as the fraction 
of contaminant absorbed by the GI tract relative to the fraction of contaminant absorbed 
from the matrix (feed, water, other) used in the study(ies) that is the basis of either the 
cancer potency factor (CPF) or the Reference Exposure Level (REL).  If no data are 
available to distinguish absorption in the toxicity study from absorption from the 
environmental matrix in question (i.e., soil), then GRAF = 1. The GRAF allows for 
adjustment for absorption from a soil matrix if it is known to be different from absorption 
across the GI tract in the study used to calculate the CPF or REL.  In most instances, 
the GRAF will be 1. 
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Table 5.14 Recommended Soil Ingestion Rate (SIR) Estimates for
 
Adults and Children (mg/kg-day)*
 

Age Groups (years) 
Mean 

(mg/kg-day) 
95th % 

(mg/kg-day) 

3rd Trimestera 0.7 3 

0<2 20 40 

2<9 5 20 

2<16 3 10 

16<30 0.7 3 

16 to 70 0.6 3 

PICA adult NR -
a Assumed to be the mother’s soil ingestion rate (adult age 16 <30) 
* Soil includes outdoor settled dust 


NR = No recommendation
 

5.4.3.1.2 Chronic Noncancer Dose for Soil Ingestion 

The soil ingestion rate varies by age.  A time-weighted average approach is used to 
combine soil intake rates of the age groupings (i.e., 0<2 yrs, 2<16 yrs, and 16-70 yrs) to 
determine the residential soil ingestion dose for chronic noncancer hazard assessment. 
This pathway is also assessed for exposure to offsite workers using the adult intake 
values for age 16-70 years in Table 5.14.  Children at a MEIW daycare, if present, may 
also be assessed for exposure if the District deems it advisable. The contribution to the 
soil ingestion dose by each age group is determined in EQ 5.4.3.1.2: 

A.	 Equation 5.4.3.1.2: DOSEsoil = Csoil x GRAF x SIR x 10-9 x ED/AT

1.	 DOSEsoil = Dose from soil ingestion (mg/kg BW-day)
10-9 2. =	 Conversion factor (g to mg, mg to kg) 

3.	 Csoil = Concentration of contaminant in soil (g/kg) 
4.	 GRAF = Gastrointestinal relative absorption fraction, unitless; 

chemical-specific 
5.	 SIR = Soil ingestion rate (mg/kg BW-day) 
6.	 ED = Exposure duration for a specified age group: 2 yrs for 0<2, 

14 yrs for 2<16, 54 yrs for 16-70 
7.	 AT = Averaging time for lifetime exposure – 70 yrs 

a:	 Recommended default values for EQ 5.4.3.1.2: 

1.	 Csoil = Calculated above in EQ 5.3.2 A 
2.	 GRAF = See Table 5.2
3.	 SIR = See Table 5.14; use 16-70 age group SIR for workers 
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b: Recommended off-site worker default modifications to EQ 5.4.3.1.2: 

1.	 A time-weighted average estimate of dose is not necessary and the ED 
and AT variates are left out of EQ 5.4.3.1.2 for oral soil dose to the worker. 

c:	 Recommended nursing mother default modifications to EQ 5.4.3.1.2: 

1.	 For mother’s ingested soil dose to milk, use the SIR for age 16-30 years in 
Table 5.14. 

2.	 The ED and AT variates in EQ 5.4.3.1.2 are left out for soil ingestion dose 
in the mother’s milk pathway. 

d:	 Assumptions for EQ 5.4.3.1.2: 

1.	 For worker exposure, the annual average concentration should not be 
adjusted to account for overlap of worker and facility emission schedules. 
The pollutant will be deposited and accumulate in the soil in the absence 
or presence of the worker; therefore, the total deposition and soil 
concentration will be dependent on the annual average air concentration. 

For residential exposure, the soil ingestion dose contribution for each age group is 
summed together to obtain the time-weighted average daily soil intake dose for chronic 
hazard assessment: 

(SIR for age 0<2 yrs × Csoil × GRAF × 10-9 × 2 / 70) + 

(SIR for age 2<16 yrs × Csoil × GRAF × 10-9 × 14 / 70) + 

(SIR for age 16-70 yrs × Csoil × GRAF × 10-9 × 54 / 70) = Chronic Dosesoil 

5.4.3.2 Exposure through Ingestion of Food 

The exposure through food ingestion can be through ingestion of home-grown plant 
products (categorized as leafy, protected, exposed and root produce), home-raised 
animals (categorized as meat, cow’s milk and eggs), angler-caught fish and mother's 
milk. When a specific food pathway is a dominant pathway (e.g., homegrown produce), 
and multiple pathways such as home raised meat, milk, and eggs categories all need to 
be assessed, the 95th percentile default consumption rate for the driving exposure 
pathway is used, while the mean consumption values for the remaining exposure 
pathways (i.e., food categories) are used. See Section 8.2.6 for a complete discussion 
of the methodology on how to implement the derived methodology. 

5.4.3.2.1 Dose for Cancer Risk from Home-Grown Produce 

Exposure through ingesting home-grown produce (DOSEp) is a function of the type of 
crop (i.e., exposed, leafy, protected, root), gastrointestinal relative absorption factor, 
bioavailability and the fraction of plant ingested that is homegrown.  The calculation is 
done for each type of crop, then summed to get total dose for this pathway.  The 
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exposure dose through ingestion of home-grown produce varies by age and is 
calculated for each age group (e.g., 3rd trimester, 0<2 yrs, 2<9 yrs, 2<16 yrs, 16<30 
and 16-70 yrs).  These age-specific groupings are needed in order to properly use the 
age sensitivity factors for cancer risk assessment (see Chapter 8). 

A.	 Equation 5.4.3.2.1: DOSEp = Cv × IP × GRAF × L × EF × 10-6 

1.	 DOSEp = Exposure dose through ingestion of home-grown produce 
(mg/kg/d) 

2.	 Cv = Concentration in specific type of crop, i.e., exposed, leafy, 
protected, root (g/kg) 

3. IP =	 Consumption of specific type of crop (g/kg BW*day) 
4. GRAF =	 Gastrointestinal relative absorption factor (unitless) 
5.	 L = Fraction of plant type consumed that is home-grown or locally 

grown (unitless) 
6.	 EF = Exposure frequency (unitless, days/365 days) 

10-6 7. =	 Conversion factors (g/kg to mg/g) 

a: Recommended default values for Equation 5.4.3.2.1: 

1. Cv =	 Calculated above in EQ 5.3.4.1 A 
2. IP =	 See Table 5.15 (point estimates) and 5.16a-e (distributions) 
3. GRAF =	 See Table 5.2 
4. L =	 Site-specific survey is recommended. Otherwise, see Table 

5.17 for Tier I default values 
5. EF =	 0.96 (350 d/365 d in a yr) 

Once the dose for each type of crop that applies is calculated (See Section 5.3.4.1 for 
definition of crops types), the doses are summed to get the total dose for the home-
grown produce pathway: 

Total DOSEp = DOSEp (leafy) + DOSEp (root) + DOSEp (exposed) + DOSEp (protected) 

The total home-grown produce dose will need to be calculated for each age group that 
applies. 

5.4.3.2.2 Dose for cancer risk from home-raised meat, eggs, and cow’s milk 

Exposure through ingesting home-raised or farm animal products (DOSEfa) is a function 
of the type of food (meat, eggs and cow’s milk), gastrointestinal relative absorption 
factor, bioavailability and the fraction of food ingested that is home-raised.  The only 
meat sources considered here are beef, pork and poultry.  Unlike the home-grown 
produce pathway, the dose is calculated and presented separately for each type of 
home-raised food. The age-specific groupings to determine dose (3rd trimester, 0<2 
yrs, 2<9 yrs, 2<16 yrs, 16<30 yrs or 16-70 yrs) is needed in order to properly use the 
age sensitivity factors for cancer risk assessment (see Chapter 8). 
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A.	 Equation 5.4.3.2.2: DOSEfa = Cfa × Ifa × GRAF × L × EF× 10-6

1.	 DOSEfa = Exposure dose through ingestion of home-raised animal
product (mg/kg/d) 

2.	 Cfa = Concentration in animal product, e.g., beef, pork, poultry, dairy, 
eggs (g/kg) 

3. Ifa =	 Consumption of animal product (g/kg BW-day) 
4. GRAF =	 Gastrointestinal relative absorption factor (unitless)
5.	 L = Fraction of animal product consumed that is home-raised or 

locally produced (unitless) 
6.	 EF = Exposure frequency (unitless, days/365 days) 

10-6 7. =	 Conversion factors (g/kg to mg/g) 

a: Recommended default values for EQ 5.4.3.2.2: 

1. Cfa =	 Calculated above in EQ 5.3.4.2 A 
2.	 Ifa = See Table 5.15 (point estimates) and Table 5.16a-e 

(distributions) 
3. GRAF =	 See Table 5.2
4. L =	 Site-specific survey is recommended. Otherwise, see Table 

5.17 for Tier I default values 
5. EF =	 0.96 (350 days / 365 days in a year) 

5.4.3.2.3 Chronic Noncancer Dose for Ingestion of Food 

For oral noncancer hazard assessment, a time-weighted average approach is used to 
combine food ingestion rates for the age groups (i.e., 0<2, 2<16 and 16-70 yrs) to 
estimate the chronic dose for residential exposure. The equation used to estimate dose 
through home-grown produce and home-raised meat/eggs/cow’s milk is similar and is 
shown below in one equation.  Similar to the cancer risk dose calculation, home-grown 
produce is presented as a total dose for all types of crops (See Section 5.4.3.2.1) and 
home-raised animal product dose is presented separately for each type of animal 
product that applies (See Section 5.4.3.2.2). 

The contribution to the food intake dose is determined for each age group in 
EQ 5.4.3.2.3: 
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A. Equation 5.4.3.2.3: DOSEfood = Cfood × Ifood × GRAF × L × 10-6 × ED/AT 

1.	 DOSEfood = Exposure dose through ingestion of home-grown produce or 
home-raised animal product (mg/kg/d) 

2.	 Cfood = Concentration (g/kg) in produce (e.g., exposed, leafy, 
protected, root) or animal product (e.g., beef, pork, poultry, 
dairy, eggs) 

3. Ifood =	 Consumption of produce or animal product (g/kg BW-day) 
4. GRAF =	 Gastrointestinal relative absorption factor (unitless) 
5. L =	 Fraction of produce or animal product consumed that is 

home-grown (unitless)
 
10-6
 6. =	 Conversion factors (g/kg to mg/g) 

7.	 ED = Exposure duration for a specified age group (2 yrs for 0<2, 
14 yrs for 2<16, 54 yrs for 16-70 

8. AT =	 Averaging time for lifetime exposure: 70 yrs 

a: Recommended default values for EQ 5.4.3.2.3: 

1.	 Cfood = Calculated above in EQ 5.3.4.1 A (for home-grown produce) 
or EQ 5.3.4.2 A (for home-raised animal products) 

2. Ifood =	 Age-specific, see Table 5.15 for point estimates 
3. GRAF =	 See Table 5.2 
4. L =	 Site-specific survey is recommended.  Otherwise, see Table 

5.17 for Tier I default values  

b: Recommended nursing mother default modifications to EQ 5.4.3.2.3: 

1.	 For the mother’s dose to milk through ingested food, use the food intake 
rates for age 16-30 years in Table 5.15 and 5.16d. 

2.	 The ED and AT variates in EQ 5.4.3.2.3 are left out for ingested food dose 
in the mother’s milk pathway. 

Following calculation of the intake dose contributions for each age group, the intake 
rates for home-grown produce and the intake rates for home-raised animal products are 
summed separately to obtain the residential time-weighted average intake dose for 
chronic residential exposure to home-grown produce and to home-raised animal 
products: 

(Ifood for age 0<2 yrs × Cfood × GRAF × L × 10-6 × 2 / 70) + 

(Ifood for age 2<16 yrs × Cfood × GRAF × L × 10-6 × 14 / 70) + 

(Ifood for age 16-70 yrs × Cfood × GRAF × L × 10-6 × 54 / 70)  = Chronic Dosefood 
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Table 5.15 Recommended Average and High End Point Estimate
 
Values for Home Produced Food Consumption (g/kg-day)
 

Food 
Category Third Trimester Ages 0<2 Ages 2<9 

Produce Avg. High End Avg. High End Avg. High End 
Exposed 1.9 5.9 11.7 30.2 7.4 21.7 

Leafy 0.9 3.2 3.8 10.8 2.5 7.9 
Protected 1.7 5.8 5.9 17.5 4.7 13.3 

Root 1.7 4.6 5.7 15.3 3.9 10.8 

Meat 
Beef 2.0 4.8 3.9 11.3 3.5 8.6 

Poultry 0.9 2.9 2.9 10.5 2.2 7.8 
Pork 1.8 4.7 4.5 11.4 3.7 9.0 

Milk 5.4 15.9 50.9 116 23.3 61.4 
Eggs 1.6 4.2 6.1 15.0 3.9 9.4 

Ages 2>16 Ages 16<30 Ages 16-70 
Produce Avg. High End Avg. High End Avg. High End 
Exposed 1.9 5.9 1.9 5.9 1.8 5.6 

Leafy 0.9 3.2 0.9 3.2 1.1 3.4 
Protected 1.7 5.8 1.7 5.8 1.6 5.2 

Root 1.7 4.6 1.7 4.6 1.5 4.2 

Meat 
Beef 2.0 4.8 2.0 4.8 1.7 4.4 

Poultry 0.9 2.9 0.9 2.9 0.9 2.8 
Pork 1.8 4.7 1.8 4.7 1.5 3.8 

Milk 5.4 15.9 5.4 15.9 4.3 13.2 
Eggs 1.6 4.2 1.6 4.2 1.3 3.4 

a Food consumption values for 3rd trimester calculated by assuming that the fetus receives the 
same amount of contaminated food on a per kg BW basis as the mother (adult age 16 to less 
than 30). 
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Table 5.16a - e Parametric Models of Per Capita Food Consumption 
by Age Group for Stochastic Analysis 

Table 5.16a Per Capita Food Consumption (g/kg-day) for Ages 0<2
 

Food 
Category 

Distrib. 
Type 

Anderson-
Darling 
Statistic 

Mean Std. 
Dev Location Scale Shape Like-

liest 

Produce 
Exposed Gamma 60 0.01 6.56 0.830 
Leafy Gamma 167 0.01 3.30 1.161 
Protected LogN 67 6.03 7.31 
Root Gamma 83 0.06 4.44 1.28 

Meat 
Beef LogN 16 1.97 1.73 
Poultry LogN 58 4.5 4.08 
Pork LogN 230 3.00 4.46 

Dairy Max 
Ext. 

169 27.82 33.79 

Eggs LogN 172 6.11 4.21 

Table 5.16b Per Capita Food Consumption (g/kg-day) for Ages 2<9
 

Food 
Category 

Distribution 
Type 

Anderson-
Darling 
Statistic 

Mean Std. 
Dev Location Scale Shape Rate 

Produce 
Exposed Exponential 206 0.14 
Leafy LogN 127 2.64 3.89 
Protected Weibull 68 0.02 4.76 1.063 
Root LogN 60 3.95 3.85 

Meat 
Beef LogN 35 3.55 2.79 
Poultry LogN 17 3.71 2.67 
Pork LogN 66 2.25 2.84 

Milk LogN 12 23.4 20.78 
Eggs LogN 38 3.93 3.00 
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Table 5.16c Per Capita Food Consumption (g/kg-day) for Ages 2<16
 

Food 
Category 

Distribution 
Type 

Anderson-
Darling 
Statistic 

Mean Std. 
Dev Location Scale Shape 

Produce 
Exposed Gamma 60 0.01 6.54 0.8325 
Leafy LogN 68 1.83 2.91 
Protected Gamma 47 0.00 3.69 0.9729 
Root LogN 51 3.10 3.44 

Meat 
Beef LogN 10 2.96 2.49 
Poultry LogN 27 2.98 2.52 
Pork LogN 48 1.84 2.79 

Milk LogN 35 16.8 19.2 
Eggs LogN 71 3.16 2.95 

Table 5.16d Per Capita Food Consumption (g/kg-day) for Ages 16-30a 

Food 
Category 

Distribution 
Type 

Anderson-
Darling 
Statistic 

Mean Std. 
Dev Location Scale Shape 

Produce 
Exposed Gamma 70 0.01 2.05 0.9220 
Leafy Weibull 191 0.00 0.88 0.8732 
Protected LogN 93 1.81 3.31 
Root LogN 43 1.69 1.69 

Meat 
Beef LogN 26 1.98 1.54 
Poultry LogN 26 1.80 1.42 
Pork LogN 242 1.01 1.74 

Milk Gamma 22 0.02 5.66 0.9421 
Eggs LogN 29 1.55 1.36 
a These distributions are also recommended for the third trimester. Food consumption values for 
3rd trimester are calculated by assuming that the fetus receives the same amount of 
contaminated food on a per kg BW basis as the mother (adult age 16<30). 
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Table 5.16e Per Capita Food Consumption (g/kg-day) for Ages 16-70
 

Food 
Category 

Distribution 
Type 

Anderson-
Darling 
Statistic 

Mean Std. 
Dev Location Scale Shape 

Produce 
Exposed Gamma 148 0.01 2.07 0.8628 
Leafy Gamma 83 0.00 1.15 0.9713 
Protected Gamma 78 0.01 1.90 0.8325 
Root Gamma 14 0.00 1.28 1.166 

Meat 
Beef LogN 20 1.75 1.40 
Poultry LogN 18 1.53 1.18 
Pork LogN 190 0.97 1.59 

Milk Gamma 20 0.00 4.50 0.9627 
Eggs LogN 30 1.3 1.01 

Table 5.17 Default Values for L in EQs 5.4.3.2.1., 5.4.3.2.2 and 
5.4.3.2.3: Fraction of Food Intake that is Home-Produced 

Food Type Households that Gardena Households that Farma

Avg. Total Veg & Fruits 0.137 0.235 
Households that 

Garden/Huntb
Households that Farmb

Beef 0.485 0.478 
Pork 0.242 0.239 
Poultry 0.156 0.151 
Eggs 0.146 0.214 
Total Dairy (Cow’s milk) 0.207 0.254 
a As a default for home-produced leafy, exposed, protected and root produce, OEHHA recommends 
0.137 as the fraction of produce that is home-grown.  The households that grow their own vegetables and 
fruits are the population of concern.  In rural situations where the receptor is engaged in farming, OEHHA 
recommends 0.235 as the default value for fraction of leafy, exposed, protected and root produce that is 
home-grown. 
b OEHHA recommends the fraction home-raised under “Households that raise animals/hunt” (for beef, 
pork, poultry (chicken), eggs and dairy (cow’s milk), with the exception of rural household receptors 
engaged in farming.  OEHHA recommends that the fractions listed under “Households that farm” be used 
for the rural household receptors. 

5.4.3.3 Exposure through Ingestion of Water 

Intake of drinking water varies by age on a ml per kg body weight per day basis 
resulting in differences in exposure dose by age.  The age-specific groupings to 
determine dose are needed in order to properly use the age sensitivity factors for 
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cancer risk assessment (see Chapter 8) and to calculate a time-weighted average dose 
for chronic noncancer assessment. 

5.4.3.3.1 Dose for Cancer Risk through Ingestion of Water 

DOSEwater is calculated for each age group (i.e., 3rd trimester, 0<2 yrs, 2<9 yrs, 2<16 
yrs, 16<30 yrs and 16-70 yrs), then incorporated into EQ 8.2.5 in Chapter 8 to 
determine cancer risk through exposure in drinking water.  

A. Equation 5.4.3.3.1: DOSEwater = Cw × WIR × ABSwa × Fdw × EF × 10-6

1.	 DOSEwater = Exposure dose through ingestion of water (mg/kg BW/d)
2.	 Cw = Water concentration (g/L) 
3.	 WIR = Water ingestion rate (ml/kg BW-day) 
4.	 ABSwa = Gastrointestinal relative absorption factor (unitless)
5.	 Fdw = Fraction of drinking water from contaminated source 
6.	 EF = Exposure frequency (unitless, days/365 days) 

10-6 7. =	 Conversion factors (mg/g)(L/ml) 

a:	 Recommended default values for EQ 5.4.3.3.1: 

1.	 Cw = Calculated above 5.3.3 A 
2.	 WIR = See 5.18 (point estimates) and Table 5.19 (distributions) 
3.	 ABSwa = Default set to 1
4.	 Fdw = Default set to 1, although a site-specific survey is 

recommended for this variate 
5.	 EF = 0.96 (350 days/365 days in a year) 

5.4.3.3.2 Chronic Noncancer Dose through Ingestion of Water 

Because water intake varies by age group, a time-weighted average intake approach is 
used to determine the daily water ingestion dose for chronic residential exposure. The 
contribution to the water ingestion dose is determined for each age group (i.e., 0<2, 
2<16 and 16-70 yrs) in EQ 5.4.3.3.2. 
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A.	 Equation 5.4.3.3.2: 

DOSEwater =	 Cw × WIR × ABSwa × Fdw × 10-6 × ED/AT

1.	 DOSEwater = Exposure dose through ingestion of water (mg/kg BW/d)
2. Cw =	 Water concentration (g/L) 
3. WIR =	 Water ingestion rate (ml/kg BW-day) 
4. ABSwa =	 Gastrointestinal absorption factor
5. Fdw =	 Fraction of drinking water from contaminated source (site-

specific)
 
10-6
 6. =	 Conversion factors (mg/g)(L/ml) 

7.	 ED = Exposure duration for a specified age group: 2 yrs for 0<2, 14 
yrs for 2<16, 54 yrs for 16-70 

8. AT =	 Averaging time for residential exposure: 70 yrs 

a:	 Recommended default values for EQ 5.4.3.3.2: 

1. Cw =	 Calculated above in 5.3.3 A 
2. WIR =	 See 5.18 (point estimates) 
3. ABSwa =	 Default set to 1
4.	 Fdw = Default set to 1, although a site-specific survey is 

recommended for this variate 

b: Recommended nursing mother default modifications to EQ 5.4.3.3.2: 

1.	 For the dose to mother’s milk through water ingestion, use the WIR for
age 16-30 years in Table 5.18.

2.	 The ED and AT variates in EQ 5.4.3.3.2 are left out for ingested water
dose in the mother’s milk pathway. 

The water intake dose contribution for each age group is summed together to obtain the 
time-weighted average daily residential water ingestion dose: 

(WIR for age 0<2 yrs × Cw × ABSwa × Fdw × 10-6 × 2 / 70) +

(WIR for age 2<16 yrs × Cw × ABSwa × Fdw × 10-6 × 14 / 70) +

(WIR for age 16-70 yrs × Cw × ABSwa × Fdw × 10-6 × 54 / 70) = Chronic Dosewater
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Table 5.18 Recommended Point Estimate
 
Tap Water Intake Rates (ml/kg-day)
 

Point Estimates 
Using Mean 
Values 

For the Age 
Period 

9-year 
scenario 

30-year 
scenario 

70-year 
scenario 

3rd trimester 18 18 18 
0<2 years 113 113 113 
2<9 years 26 - -

2<16 years - 24 24 
16-30 years - 18 -
16-70 years - - 18 

Using 95th -
percentile values 

For the Age 
Period 

9-year 
scenario 

30-year 
scenario 

70-year 
scenario 

3rd trimester 47 47 47 
0<2 years 196 196 196 
2<9 years 66 - -

2<16 years - 61 61 
16-30 years - 47 -
16-70 years - - 45 

Table 5.19 Recommended Distributions of Tap Water Intake Rates 
(ml/kg-day) for Stochastic Risk Assessment 

9-year scenario 30-year scenario 70-year scenario 
0<2 years Max Extreme 

Likeliest = 93 
Scale = 35 

Max Extreme 
Likeliest = 93 

Scale = 35 

Max Extreme 
Likeliest = 93 

Scale = 35 
2<9 years Weibull 

Location = 0.02 
Scale = 29 

Shape = 1.3 
2<16 years Gamma 

Location = 0.19 
Scale = 15.0 
Shape = 1.6 

Gamma 
Location = 0.19 

Scale = 15.0 
Shape = 1.6 

16-30 years Gamma 
location=0.49 

scale=13.6 
shape=1.26 

16-70 years Beta 
min=0.17 
max=178 
alpha=1.5 
beta= 12.9 
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5.4.3.4 Exposure through Ingestion of Angler-caught Fish 

Exposure through ingestion of angler-caught fish (DOSEfish) is a function of the fraction 
of fish ingested that is caught in the exposed water body, which differs for each age 
grouping, and the gastrointestinal absorption factor.  Ingestion of angler-caught fish on a 
mg/kg body weight per day basis varies by age resulting in differences in exposure dose 
by age.  The age-specific groupings to determine dose is needed primarily to properly 
use the age sensitivity factors for cancer risk assessment (see Chapter 8) and to 
calculate a time-weighted average dose for chronic noncancer assessment. 

5.4.3.4.1 Cancer Risk Dose via Ingestion of Angler-Caught Fish 

DOSEfish is calculated for each age group separately (i.e., 3rd trimester, 0<2 yrs, 2<9 
yrs, 2<16 yrs, 16<30 yrs and 16-70 yrs), then incorporated into EQ 8.2.5 in Chapter 8 to 
determine cancer risk through exposure to angler-caught fish. 

A.	 Equation 5.4.3.4.1: DOSEfish = Ct × Ifish × Gf × L × EF × 10-6

1.	 DOSEfish = Dose via ingestion of angler-caught fish (mg/kg BW-day)
2.	 Ct = Concentration in fish muscle tissue (g/kg) 
3.	 Ifish = Angler-caught fish ingestion rate (g/kg BW per day) 
4.	 Gf = Gastrointestinal absorption factor (unitless) 
5.	 L = Fraction of fish caught at exposed site (unitless) 
6.	 EF = Exposure frequency (days/365 days)
 

10-6
 7. =	 Conversion factor (mg/g, kg/g) 

a:	 Recommended default values for Equation 5.4.3.4.1: 

1.	 Ct = Calculated above in Equation 5.3.4.7 
2.	 Ifish = See Table 5.20 (point estimates) and Table 5.21 

(distributions) 
3.	 Gf = Default set to 1 
4.	 L = Default set to 1 for fraction of fish caught locally, although a 

site-specific survey is recommended for this variate 
5.	 EF = 0.96 (350 days/365 days in a yr) 

5.4.3.4.2 Chronic Noncancer Dose via Ingestion of Angler-Caught Fish 

Angler-caught fish consumption varies by age group. A time-weighted average intake 
for residential consumption over 70 years is used to determine dose for average and 
high-end exposure. The contribution to the angler-caught fish consumption dose is 
determined for each age group in EQ 5.4.3.4.2: 
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A.	 Equation 5.4.3.4.2: DOSEfish = Ct × Ifish × Gf × L × 10-6 × ED/AT 

1.	 DOSEfish = Dose via ingestion of angler-caught fish (mg/kg BW-day) 
2.	 Ct = Concentration in fish muscle tissue (g/kg) 
3.	 Ifish = Angler-caught fish ingestion rate (g/kg BW per day) 
4.	 Gf = Gastrointestinal absorption factor (unitless) 
5.	 L = Fraction of fish caught at exposed site (unitless) 

10-6 6. =	 Conversion factor (mg/g, kg/g) 
7.	 ED = Exposure duration for a specified age group: 2 yrs for 0<2, 

14 yrs for 2<16 and 54 yrs for 16-70 
8.	 AT = Averaging time for chronic exposure – 70 yrs 

a:	 Recommended default values for Equation 5.4.3.4.2: 

1.	 Ct = Calculated above in Equation 5.3.4.7 
2.	 Ifish = See Table 5.20 (point estimates) 
3.	 Gf = Default set to 1 
4.	 L = Default set to 1 for fraction of fish caught locally, although a 

site-specific survey is recommended for this variate 

b: Recommended nursing mother default modifications to EQ 5.4.3.4.2: 

1.	 For the dose to mother’s milk through fish consumption, use the Ifish for 
age 16-30 years in Table 5.20. 

2.	 The ED and AT variates in EQ 5.4.3.4.2 are left out for the dose via fish 
consumption in the mother’s milk pathway. 

Following calculation of the angler-caught fish consumption dose contribution for each 
age group, 0<2 yr, 2<16 yr and 16-70 yr fish consumption doses are summed together 
to obtain the residential chronic dose: 

(Ifish for age 0<2 yrs × Ct × Gf × L × 10-6 × 2 / 70) + 

(Ifish for age 2<16 yrs × Ct × Gf × L × 10-6 × 14 / 70) + 

(Ifish for age 16-70 yrs × Ct × Gf × L × 10-6 × 54 / 70)  = Chronic Dosefish 

5-57
 



       

 

 

        
     

   
 

 
 
 

 
  

       
 

       

       
   

  
          

 

           

 

           

   

    
  

    
  

    
  

    

  
   
  
  

 
     

 
   

    
  

    

Air Toxics Hot Spots Program Guidance Manual February 2015 

Table 5.20 Point Estimate Values for Angler-Caught Fish
 
Consumption (g/kg-day) by Age Group
 

Third 
Trimester 

0 <2 
Years 

2<9 
Years 

2<16 
Years 

16<30 
Years 

16-70 
Years 

Mean 0.38 0.18 0.36 0.36 0.38 0.36 
95th

Percentile 1.22 0.58 1.16 1.16 1.22 1.16 

Table 5.21 Empirical Distribution for Angler-Caught Fish
 
Consumption (g/kg-day)
 

Mean Percentile 
10th 20th 30th 40th 50th 60th 70th 80th 90th 95th

Third trimester, 2<9, 2<16, 16<30 and 16-70-year age groups 

0.36 0.06 0.09 0.12 0.16 0.21 0.27 0.36 0.50 0.79 1.16 

0<2-year age group 

0.18 0.03 0.05 0.06 0.08 0.11 0.14 0.18 0.25 0.40 0.58 

5.4.3.5 Mother's Milk 

Exposure through mother's milk ingestion (Dose-Im) is a function of the average 
concentration of the substance in mother's milk and the amount of mother's milk 
ingested. The minimum pathways that the nursing mother is exposed to include 
inhalation, soil ingestion, and dermal, since the chemicals evaluated by the mother’s 
milk pathway are multipathway chemicals. Other pathways may be appropriate 
depending on site conditions (e.g., the presence of vegetable gardens or home grown 
chickens). The compounds currently considered for the mother’s milk pathway are: 

1. Dioxins and Furans (PCDDS and PCDFs)
2. Polychlorinated biphenyls (PCBs)
3. Polycyclic Aromatic Hydrocarbons (PAHs), including creosotes
4. Lead

These compound classes represent the chemicals of greatest concern for the mother’s 
milk pathway under the Hot Spots program, and for which data are available to estimate 
transfer coefficients.  It is expected that additional transfer coefficients will be developed 
for other multipathway chemicals in the Hot Spots Program as data becomes available 
and is reviewed.  The nursing mother in the mother’s milk pathway is not herself subject 
to the mother’s milk pathway.  The summed average daily dose (mg/kg BW-day) from 
all pathways is calculated for the nursing mother using the equations that follow. 
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5.4.3.5.1 Cancer Risk Dose to Infant via Mother’s Milk 

A.	 Equation 5.4.3.5.1: Dose-Im = Cm × BMIbw × EF × 10-3 

1.	 Dose-Im = Dose to infant through ingestion of mother’s milk 
(mg/kg BW per day) 

2. Cm =	 Concentration of contaminant in mother's milk (mg/kg milk) 
3. BMIbw =	 Daily breast-milk ingestion rate (g/kg BW-day) 
4.	 EF = Frequency of exposure (days / 365 days) 

10-3 5. =	 Conversion factor (kg to g) 

a: Recommended default values for EQ 5.4.3.5.1: 

1. Cm =	 See EQ 5.3.4.8 
2.	 BMIbw = See Table 5.22 for point estimates. For distribution 

(parametric model) for Tier 3 stochastic risk assessments 
see Table 5.23. 

3. EF =	 1 (all 365 days of the first year of birth) 

b:	 Assumptions for EQ 5.4.3.5.1: 

1.	 For the MEIR, mother is exposed from birth up to 25 years of age when 
the infant is born. The exposed infant is then fully breastfed only during 
the first year of life. 

2.	 For cancer risk assessment, exposure of breast-feeding infants to 
contaminants in breast milk applies only to the first year of the 0<2 yr age 
group for calculation of risk to this group, which then can be summed with 
the risk calculated for the other age groups (See Chapter 8). 

5.4.3.5.2 Chronic Noncancer Dose to Infant via Mother’s Milk 

For oral noncancer hazard assessment, exposure of the infant through mother’s milk 
ingestion occurs during the first year of life. After one year of age, the mother’s milk 
pathway is not a factor for noncancer assessment. 
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A.	 Equation 5.4.3.5.2: Dose-Im = Cm × BMIbw × 10-3

1.	 Dose-Im = Dose to infant through ingestion of mother’s milk 
(mg/kg BW/d) 

2. Cm =	 Concentration of contaminant in mother's milk (mg/kg milk) 
3.	 BMIbw = Daily breast-milk ingestion rate (g/kg BW-day) 

10-3 4. =	 Conversion factor (kg to g) 

a: Recommended default values for EQ 5.4.3.5.2: 

1. Cm =	 See EQ 5.3.4.8 
2. BMIbw =	 See Table 5.22 for point estimates 

Table 5.22 Default Point Estimates for Breast Milk Intake (BMIbw) 
for Breastfed Infants 

Infant Group Intake (g/kg-day) 
Fully breastfed over the first year (i.e., fed in accordance 
with AAP recommendations) 

Mean 
95th percentile 

101 
139 

Table 5.23 Recommended Distribution of Breast Milk Intake
 
Rates Among Breastfed Infants for Stochastic Assessment*
 

(Averaged Over an Individual’s First Year of Life)
 
Mean 
(SD) 

Percentile 
5 10 25 50 75 90 95 99 

Intake 
(g/kg-day) 101 (23) 62 71 85 101 116 130 139 154 

* For stochastic analysis, the mother’s milk data are normally distributed.

5.5 References 

ARB 2007. Emission Inventory Criteria and Guidelines Regulations (Title 17, California 
Code of Regulations, Sections 93300-93300.5), and the Emission Inventory Criteria and 
Guidelines Report (EICG Report). 

ARB, 2012.  Consolidated Table of OEHHA / ARB Approved Risk Assessment Health 
Values. Air Resouces Board, California Environmental Protection Agency.  Online at: 
http://www.arb.ca.gov/toxics/healthval/healthval.htm 

Hausch C, Leo AJ, Medchem Project Issue No. 26, Claremont CA: Pomona College 
(1985) 

5-60
 

http://www.arb.ca.gov/toxics/healthval/healthval.htm


       

 

 

   
 

 
  

 

   
 

  
   

  
  

  
  

  

 

 

Air Toxics Hot Spots Program Guidance Manual February 2015 

Lyman WJ, Reehl WF, Rosenblatt DH et al., 1990. Handbook of Chemical Property 
Estimation Methods. American Chemical Society, Wash. DC 

OEHHA, 2000.  Air Toxics Hot Spots Program Risk Asessment Guidelines: Part IV 
Technical Support Document for Exposure Assessment and Stochastic Analysis. 
September 2000. 

OEHHA, 2012a.  Air Toxics Hot Spots Program Risk Assessment Guidelines; Technical 
Support Document for Exposure Assessment and Stochastic Analysis.  Available online 
at http://www.oehha.ca.gov 

OEHHA, 2012b.  Hot Spots Unit Risk and Cancer Potency Values.  Office of 
Environmental Health Hazard Assessment, California Environmental Protection Agency. 
Online at: http://oehha.ca.gov/air/hot_spots/pdf/CPFs042909.pdf 

Staples CA, Peterson DR, Parkerton TF, Adams WJ. 1997. The environmental fate of 
phthalate esters: A literature review. Chemosphere 35(4):667-749. 

U.S. EPA. (2009). Metabolically derived human ventilation rates: A revised approach 
based upon oxygen consumption rates. U.S. Environmental Protection Agency, National 
Center for Environmental Assessment, Washington, DC; EPA/600/R-06/129F 

5-61
 

http://www.oehha.ca.gov/
http://oehha.ca.gov/air/hot_spots/pdf/CPFs042909.pdf


       

 

 
 

     
 

 

     

  
   

  
     

  
    

     
  

    

  
   

   

    
  

    
   

 

 
  

  
     

      
  

  
  

  
      

   
 

      
    

 

Air Toxics Hot Spots Program Guidance Manual February 2015 

6 - Dose-Response Assessment for 
Noncarcinogenic Endpoints 

6.1 Derivation of Toxicity Criteria for Noncancer Health Effects 

Dose-response assessment describes the quantitative relationship between the amount 
of exposure to a substance (the dose) and the incidence or occurrence of an adverse 
health impact (the response).  Dose-response information for noncancer health effects 
is used to determine Reference Exposure Levels (RELs).  Inhalation RELs are air 
concentrations or doses at or below which adverse noncancer health effects are not 
expected even in sensitive members of the general population under specified exposure 
scenarios. The acute RELs are for infrequent 1 hour exposures that occur no more 
than once every two weeks in a given year, although this time frame of exposure does 
not necessarily apply to chemicals that can bioaccumulate (e.g., dioxins and furans, 
PCBs, and various metals). The chronic RELs are for 24 hour per day exposures for at 
least a significant fraction of a lifetime, defined as about 8 years (≥12 percent of a 70-
year lifespan).  The 8-hour RELs are for repeated 8-hour exposures for a significant 
fraction of a lifetime such as the exposures that offsite workers might typically receive. 
Eight-hour RELs are only available for 10 chemicals at present, but OEHHA will develop 
8-hour RELs as we re-evaluate our existing RELs to ensure they are protective of 
children’s health, and as we develop RELs for new chemicals. There are oral chronic 
RELs for some chemicals in the Hot Spots program that are semivolatile or nonvolatile 
and thus subject to deposition and oral ingestion or dermal exposure. The methodology 
for developing RELs is similar to that used by U.S. EPA in developing the inhalation 
Reference Concentrations (RfCs) and oral Reference Doses (RfDs). 

Review and revision of RELs to take into account new information and sensitive 
subpopulations including infants and children is an ongoing process. All draft RELs for 
individual chemicals revised under the current noncancer methodology will undergo 
public comment and peer review, as mandated by the Hot Spots Act. . 

The first step in determining an acute, 8-hour, or chronic REL is to determine a point of 
departure.  The point of departure is preferably determined by the benchmark 
concentration procedure applied to human or animal studies, but if this method of 
calculation cannot be used with a particular data set, a no observed adverse effect level 
(NOAEL) or lowest observed adverse effect level (LOAEL) may be used as the point of 
departure.  The benchmark concentration method (also referred to as the benchmark 
dose method for oral exposures) is a preferred method to estimate a point of departure 
because it takes all of the available dose-response data into account to statistically 
estimate, typically, a 5 percent response rate. 

Dosimetric or toxicokinetic adjustments are often made to the point of departure to 
adjust for differences in dosimetry or kinetics across species or among humans. Time 
adjustments are generally applied to adjust experimental exposure to the exposure of 
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interest for the REL (e.g., 1 hour for acute, continuous for chronic). A modified Haber’s 
equation is used where needed to adjust studies with different exposure times to the 
one-hour period needed for acute RELs. A simple Haber’s law (C x T) adjustment for 
exposure period duration is used for most 8-hour and chronic RELs. 

The time and dosimetry adjusted point of departure is divided by uncertainty factors that 
reflect the limitations in the current toxicology of the chemical.  For example, an 
interspecies uncertainty factor is applied to account for the differences between humans 
and animals when an animal study is used. An intraspecies uncertainty factor is usually 
included to account for differences in susceptibility among the human population.  In 
addition, where benchmark dose modeling is not suitable and a NOAEL is not available, 
a LOAEL to NOAEL uncertainty factor may be applied when the LOAEL serves as the 
point of departure.  If a chronic study is not available to serve as a basis for a chronic 
REL, then a subchronic uncertainty factor (for chronic and 8-hour RELs only) may also 
be applied.  Finally, if there are data deficiencies, for example, lack of a developmental 
toxicity study for a chemical, then a database deficiency factor may be applied. The 
individual uncertainty factors, which range from 2 to 10 depending on the limitations in 
the data, are multiplied together for a total uncertainty factor. The point of departure is 
then divided by the total UF to obtain the REL. 

The most sensitive toxicological end point is selected as the basis for the REL when 
there are multiple adverse health effects. The selection of the most sensitive endpoint 
as the basis for a REL helps ensure that the REL is protective for all health effects. The 
use of uncertainty factors helps ensure that the REL is protective for nearly all 
individuals, including sensitive subpopulations, within the limitations of current scientific 
knowledge.  For detailed information on the methodology and derivations for RELs, 
including guidance on selection of uncertainty factors, see the Air Toxics Hot Spots Risk 
Assessment Guidelines Technical Support Document for the Derivation of Noncancer 
Reference Exposure Levels (OEHHA, 2008). 

It should be emphasized that exceeding the acute or chronic REL does not necessarily 
indicate that an adverse health impact will occur.  The REL is not the threshold where 
population health effects would first be seen. However, levels of exposure above the 
REL have an increasing but undefined probability of resulting in an adverse health 
impact, particularly in sensitive individuals (e.g., depending on the toxicant, the very 
young, the elderly, pregnant women, and those with acute or chronic illnesses).  The 
significance of exceeding the REL is dependent on the seriousness of the health 
endpoint, the strength and interpretation of the health studies, the magnitude of 
combined safety factors, and other considerations.  In addition, there is a possibility that 
a REL may not be protective of certain small, unusually sensitive human 
subpopulations. Such subpopulations can be difficult to identify and study because of 
their small numbers, lack of knowledge about toxic mechanisms, and other factors.  It 
may be useful to consult OEHHA staff when a REL is exceeded (hazard quotient or 
hazard index is greater than 1.0).  Chapter 8 discusses the methods used for 
determining potential noncancer health impacts and Appendix I presents example 
calculations used to determine a hazard quotient (HQ) and hazard indices (HI). 
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Tables 6.1 through 6.3 list the currently adopted acute, 8-hour, and chronic inhalation 
RELs.  Some substances that pose a long-term inhalation hazard may also present a 
chronic hazard via non-inhalation (oral, dermal) routes of exposure.  The oral RELs for 
these substances are presented in Table 6.3. Appendix L provides a consolidated 
listing of all the acute, 8-hour, and chronic RELs with the respective target organs that 
are approved for use by OEHHA and ARB for the Hot Spots Program. Periodically, new 
or updated RELs are adopted by OEHHA and these guidelines will be updated to reflect 
those changes.  See OEHHA’s web site at www.oehha.ca.gov (look under “Air”, then 
select “Hot Spots Guidelines”) to determine if any new or updated RELs have been 
adopted since the last guideline update. 

6.2 Acute Reference Exposure Levels 

OEHHA developed acute RELs for assessing potential noncancer health impacts for 
short-term, one-hour peak exposures to facility emissions (OEHHA, 2008; 
http://www.oehha.ca.gov/air/allrels.html). By definition, an acute REL is an exposure 
that is not likely to cause adverse health effects in a human population, including 
sensitive subgroups, exposed to that concentration (in units of micrograms per cubic 
meter or g/m3) for the specified exposure duration on an intermittent basis. 

The target organ systems and the acute RELs for each substance are presented in 
Table 6.1.  Many acute RELs are based on mild adverse effects, such as mild irritation 
of the eyes, nose, or throat, or may result in other mild adverse physiological changes. 
For most individuals, it is expected that the mild irritation and other adverse 
physiological changes will not persist after exposure ceases.  For RELs that have been 
recently developed or revised, the notation “sensory irritation” has been added in 
parenthesis in Table 6.1 for those chemicals that have an acute REL based on sensory 
irritation of the respiratory system (i.e., nose , throat) and/or eyes. 

Other acute RELs are based on reproductive/developmental endpoints, such as 
teratogenicity or fetotoxicity, which are considered severe adverse effects. The 
inhalation pathway is the only pathway to assess for acute exposure.  Other non-
inhalation pathways of exposure are evaluated for worker and residential scenarios 
where the exposures are chronic or repeated daily in nature. The oral RELs are used to 
evaluate the non-inhalation pathways of exposure.  Noninhalation (oral) RELs are 
discussed in Section 6.5.  Chapter 8 discusses the methods used for determining 
noncancer acute health impacts.  Appendix I presents an example calculation used to 
determine an HQ and HI. 
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Table 6.1 Acute Inhalation Reference Exposure Levels (RELs) and
 
Acute Hazard Index Target Organ System(s)
 

Substance 

Chemical 
Abstract 
Service 
Number 
(CAS) 

Acute 
Inhalation 

REL 
(g/m3)

Acute Hazard Index 
Target Organ Systems(s) 

Acetaldehyde 75-07-0 4.7 x 10+2 Eyes; Respiratory System (sensory irritation) 
Acrolein 107-02-8 2.5 x 10+0 Eyes; Respiratory System (sensory irritation) 
Acrylic Acid 79-10-7 6.0 x 10+3 Eyes; Respiratory System 
Ammonia 7664-41-7 3.2 x 10+3 Eyes; Respiratory System 
Arsenic and Inorganic 
Arsenic Compounds 
(including arsine) 

7440-38-2 2.0 x 10 -1 Development; Cardiovascular System; 
Nervous System 

Benzene 71-43-2 2.7 x 10+1 Reproductive/Developmental; Immune 
System; Hematologic System 

Benzyl Chloride 100-44-7 2.4 x 10+2 Eyes; Respiratory System 
1,3-Butadiene 106-99-0 6.6 x 10+2 Development 
Caprolactam 105-60-2 5.0 x 10+1 Eyes (sensory irritation) 

Carbon Disulfide 75-15-0 6.2 x 10+3 Nervous System; 
Reproductive/Developmental 

Carbon Monoxide a 630-08-0 2.3 x 10+4 Cardiovascular System 

Carbon Tetrachloride 56-23-5 1.9 x 10+3 Alimentary System (Liver); Nervous System 
Reproductive/Developmental 

Chlorine 7782-50-5 2.1 x 10+2 Eyes; Respiratory System 

Chloroform 67-66-3 1.5 x 10+2 Nervous System; Respiratory System; 
Reproductive/Developmental 

Chloropicrin 76-06-2 2.9 x 10+1 Eyes; Respiratory System 
Copper and Compounds 7440-50-8 1.0 x 10+2 Respiratory System 
1,4-Dioxane 123-91-1 3.0 x 10+3 Eyes; Respiratory System 
Epichlorohydrin 106-89-8 1.3 x 10+3 Eyes; Respiratory System 
Ethylene Glycol 
Monobutyl Ether 111-76-2 1.4 x 10+4 Eyes; Respiratory System 

Ethylene Glycol 
Monoethyl Ether 110-80-5 3.7 x 10+2 Reproductive/Developmental 

Ethylene Glycol 
Monoethyl Ether Acetate 111-15-9 1.4 x 10+2 Nervous System; 

Reproductive/Developmental 
Ethylene Glycol 
Monomethyl Ether 109-86-4 9.3 x 10+1 Reproductive/Developmental 

Formaldehyde 50-00-0 5.5 x 10+1 Eyes (sensory irritation) 
Hydrogen Chloride 7647-01-0 2.1 x 10+3 Eyes; Respiratory System 
Hydrogen Cyanide 74-90-8 3.4 x 10+2 Nervous System 
Hydrogen Fluoride 7664-39-3 2.4 x 10+2 Eyes; Respiratory System 
Hydrogen Selenide 7783-07-5 5.0 x 10+0 Eyes; Respiratory System 
Hydrogen Sulfide a 7783-06-4 4.2 x 10+1 Nervous System 
Isopropanol 67-63-0 3.2 x 10+3 Eyes; Respiratory System 
Mercury and Inorganic 
Mercury Compounds 7439-97-6 6.0 x 10 -1 Nervous System; Development 

Methanol 67-56-1 2.8 x 10+4 Nervous System 

Methyl Bromide 74-83-9 3.9 x 10+3 Nervous System; Respiratory System; 
Reproductive/Developmental 
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Substance 

Chemical 
Abstract 
Service 
Number 
(CAS) 

Acute 
Inhalation 

REL 
(g/m3) 

Acute Hazard Index 
Target Organ Systems(s) 

Methyl Chloroform 71-55-6 6.8 x 10+4 Nervous System 
Methyl Ethyl Ketone 78-93-3 1.3 x 10+4 Eyes; Respiratory System 
Methylene Chloride 75-09-2 1.4 x 10+4 Nervous System; Cardiovascular System 
Nickel and Nickel 
Compounds 7440-02-0 2.0 x 10 -1 Immune System 

Nitric Acid 7697-37-2 8.6 x 10+1 Respiratory System 
Nitrogen Dioxide a 10102-44-0 4.7 x 10+2 Respiratory System 
Ozone a 10028-15-6 1.8 x 10+2 Eyes; Respiratory System 
Perchloroethylene 
(Tetrachloroethylene) 127-18-4 2.0 x 10+4 Eyes; Nervous System; Respiratory System 

Phenol 108-95-2 5.8 x 10+3 Eyes; Respiratory System 
Phosgene 75-44-5 4.0 x 10+0 Respiratory System 

Propylene Oxide 75-56-9 3.1 x 10+3 Eyes; Respiratory System; 
Reproductive/Developmental 

Sodium Hydroxide 1310-73-2 8.0 x 10+0 Eyes; Skin; Respiratory System 
Styrene 100-42-5 2.1 x 10+4 Eyes; Respiratory System; 

Reproductive/Developmental 
Sulfates a N/A 1.2 x 10+2 Respiratory System 
Sulfur Dioxide a 7446-09-5 6.6 x 10+2 Respiratory System 

Sulfuric Acid and Oleum 7664-93-9 
8014-95-7 1.2 x 10+2 Respiratory System 

Tetrachloroethylene  
(Perchloroethylene) 127-18-4 2.0 x 10+4 Eyes; Nervous System; Respiratory System 

Toluene 108-88-3 3.7 x 10+4 Nervous System; Respiratory System; Eyes; 
Reproductive/Developmental 

Triethylamine 121-44-8 2.8 x 10+3 Nervous System; Eyes 
Vanadium Pentoxide 1314-62-1 3.0 x 10+1 Eyes; Respiratory System 
Vinyl Chloride 75-01-4 1.8 x 10+5 Nervous System; Eyes; Respiratory System 
Xylenes (m,o,p-isomers) 1330-20-7 2.2 x 10+4 Eyes; Respiratory System; Nervous System 

a California Ambient Air Quality Standard 

6.3 8-hour Reference Exposure Levels 

OEHHA has developed 8-hour RELs for assessing potential noncancer health impacts 
for exposures to the general public that occur on a recurrent basis, but only during a 
portion of each day (OEHHA, 2008; http://www.oehha.ca.gov/air/allrels.html).  
Eight-hour RELs are compared to air concentrations that represent an average (daily) 
8-hour exposure. They were designed to address off-site worker exposure at the 
MEIW, but may also be used at the Districts’ discretion to characterize 8-hour 
residential noncancer exposures, particularly for non-continuous facility operations 
where exposure is based on air concentrations during facility operation (i.e., the zero 
emission hours are not included) rather than averaged over 24-hours/day, 7 days/week 
as assessed for chronic exposure. The 8-hour RELs can also be used to assess 
exposure of students and teachers while at school (OEHHA, 2008).  These RELs were 
developed because of concerns that applying the chronic REL in some scenarios was 
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overly conservative.  By definition, an 8-hour REL is an exposure that is not likely to 
cause adverse health effects in a human population, including sensitive subgroups, 
exposed to that concentration (in units of micrograms per cubic meter or g/m3) for an 
8-hour exposure duration on a regular (including daily) basis.  

The RELs, target organ systems, and the averaging time for substances that can 
present a potential hazard from inhalation for 8 hours on a daily basis are presented in 
Table 6.2.  Chapter 8 discusses the methods used for determining noncancer 8-hour 
health impacts. Appendix I presents an example calculation used to determine an HQ 
and HI.  

Any substances in Table 6.2 with Development or Reproductive System as a target 
organ system are represented in HARP and in the Appendix L REL tables under the 
single endpoint “Reproductive/Development”. 

Table 6.2 Eight-Hour Inhalation Reference Exposure Levels 
(RELs) and 8-Hour Hazard Index Target Organ System(s) 

Substance 

Chemical 
Abstract 
Service 
Number 
(CAS) 

Chronic 
Inhalation 

REL 
(g/m3)

Chronic Inhalation Hazard Index 
Target Organ System(s) 

Acetaldehyde 75-07-0 3.0 x 10+2 Respiratory System
Acrolein 107-02-8 7.0 x 10 -1 Respiratory System 

Arsenic & Inorganic Arsenic 
Compounds 7440-38-2 1.5 x 10 -2 

Cardiovascular System; Development; 
Nervous System; Respiratory System; 
Skin 

Benzene 71-43-2 3.0 x 10+0 Hematologic System
1,3-Butadiene 106-99-0 9.0 x 10+0 Reproductive System
Caprolactam 105-60-2 7.0 x 10+0 Respiratory System
Formaldehyde 50-0-0 9.0 x 10+0 Respiratory System
Manganese & Manganese 
Compounds 7439-96-5 1.7 x 10 -1 Nervous System 

Mercury & Inorganic Mercury 
Compounds 7439--97-6 6.0 x 10 -2 Nervous System; Development; Kidney 

Nickel & Nickel Compounds 7440-02-0 6.0 x 10 -2 Respiratory System; Immune System 

6.4 Chronic Reference Exposure Levels 

OEHHA has developed chronic RELs for assessing noncancer health impacts from 
long-term exposure.  (OEHHA, 2008; see also http://www.oehha.ca.gov/air/allrels.html)  
A chronic REL is a concentration level (expressed in units of micrograms per cubic 
meter (g/m3) for inhalation exposure and in a dose expressed in units of milligrams per 
kilogram-day (mg/kg-day) for oral exposures) at or below which no adverse health 
effects are anticipated following long-term exposure. Long-term exposure for these 
purposes has been defined by U.S. EPA as at least 12% of a lifetime, or about eight 
years for humans. Table 6.3 lists the chronic noncancer RELs that should be used in 
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the assessment of chronic health effects from inhalation exposure. Appendix L provides 
a consolidated listing of all the acute, 8-hour and chronic RELs and target organs that 
are approved for use by OEHHA and ARB for the Hot Spots Program. Periodically, new 
or updated RELs are adopted by OEHHA.  See OEHHA’s web site 
http://www.oehha.ca.gov/air/allrels.html to determine if any new or updated RELs have 
been adopted since the last guideline update. 

The organ system(s) associated with each chronic REL are also presented in Table 6.3. 
Any substances in Table 6.3 with Development or Reproductive System as a target 
organ system are represented in HARP and in the Appendix L REL tables under the 
single endpoint “Reproductive/Development”. Chapter 8 discusses the methods used 
for determining potential noncancer health impacts and Appendix I presents example 
calculations used to determine a HQ and HI. 

Table 6.3 Chronic Inhalation Reference Exposure Levels (RELs) and 
Chronic Hazard Index Target Organ System(s) 

Substance 

Chemical 
Abstract 
Service 
Number 
(CAS) 

Chronic 
Inhalation 

REL 
(g/m3) 

Chronic Inhalation Hazard Index 
Target Organ System(s) 

Acetaldehyde a 75-07-0 1.4 x 10+2 Respiratory System 
Acrolein 107-02-8 3.5 x 10 -1 Respiratory System 
Acrylonitrile 107-13-1 5.0 x 10+0 Respiratory System 
Ammonia 7664-41-7 2.0 x 10+2 Respiratory System 

Arsenic & Inorganic Arsenic Compounds 7440-38-2 1.5 x 10 -2 
Cardiovascular System; Development; 
Nervous System; Respiratory System; 
Skin 

Benzene 71-43-2 3.0 x 10+0 Hematologic System 
Beryllium and Beryllium Compounds 7440-41-7 7.0 x 10 -3 Immune System; Respiratory System 
1,3-Butadiene 106-99-0 2.0 x 10+0 Reproductive System 
Cadmium and Cadmium Compounds 7440-43-9 2.0 x 10 -2 Kidney; Respiratory System 
Caprolactam 105-60-2 2.2 x 10+0 Respiratory System 

Carbon Disulfide 75-15-0 8.0 x 10+2 Nervous System; Reproductive 
System 

Carbon Tetrachloride 56-23-5 4.0 x 10+1 Alimentary System (Liver); 
Development; Nervous System 

Chlorine 7782-50-5 2.0 x 10 -1 Respiratory System 
Chlorine Dioxide 10049-04-4 6.0 x 10 -1 Respiratory System 
Chlorinated Dibenzo-p-dioxins b 

2,3,7,8-Tetrachlorodibenzo-p-dioxin b 1746-01-6 4.0 x 10 -5 

Alimentary System (Liver); 
Development; Endocrine System; 
Hematologic System; Reproductive 
System; Respiratory System 

1,2,3,7,8-Pentachlorodibenzo-p-dioxin b 40321-76-4 4.0 x 10 -5 

1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin b 39227-28-6 4.0 x 10 -4 

1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin b 57653-85-7 4.0 x 10 -4 

1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin b 19408-74-3 4.0 x 10 -4 

1,2,3,4,6,7,8-Heptachlorodibenzo-p-
dioxin b 35822-46-9 4.0 x 10 -3 

1,2,3,4,6,7,8,9-Octachlorodibenzo-p-
dioxin b 3268-87-9 1.3 x 10 -1 
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Table 6.3 Chronic Inhalation Reference Exposure Levels (RELs) and 

Chronic Hazard Index Target Organ System(s)
 

Substance 

Chemical 
Abstract 
Service 
Number 
(CAS) 

Chronic 
Inhalation 

REL 
(g/m3)

Chronic Inhalation Hazard Index 
Target Organ System(s) 

Chlorinated Dibenzofurans b

2,3,7,8-Tetrachlorodibenzofuran b 5120-73-19 4.0 x 10 -4 

Alimentary System (Liver); 
Development; Endocrine System; 
Hematologic System; Reproductive 
System; Respiratory System 

1,2,3,7,8-Pentachlorodibenzofuran b 57117-41-6 1.3 x 10 -3 

2,3,4,7,8-Pentachlorodibenzofuran b 57117-31-4 1.3 x 10 -4 

1,2,3,4,7,8-Hexachlorodibenzofuran b 70648-26-9 4.0 x 10 -4 

1,2,3,6,7,8-Hexachlorodibenzofuran b 57117-44-9 4.0 x 10 -4 

1,2,3,7,8,9-Hexachlorodibenzofuran b 72918-21-9 4.0 x 10 -4 

2,3,4,6,7,8-Hexachlorodibenzofuran b 60851-34-5 4.0 x 10 -4 

1,2,3,4,6,7,8-Heptachlorodibenzofuran b 67562-39-4 4.0 x 10 -3 

1,2,3,4,7,8,9-Heptachlorodibenzofuran b 55673-89-7 4.0 x 10 -3 

1,2,3,4,6,7,8,9-Octachlorodibenzofuran b 39001-02-0 1.3 x 10 -1 

Chlorobenzene 108-90-7 1.0 x 10+3 Alimentary System (Liver); Kidney; 
Reproductive System 

Chloroform 67-66-3 3.0 x 10+2 Alimentary System (Liver); 
Development; Kidney 

Chloropicrin 76-06-2 4.0 x 10 -1 Respiratory System
Chromium VI & Soluble Chromium VI 
Compounds (except chromic trioxide) 18540-29-9 2.0 x 10 -1 Respiratory System 

Chromic Trioxide (as chromic acid mist) 1333-82-0 2.0 x 10 -3 Respiratory System
Cresol Mixtures 1319-77-3 6.0 x 10+2 Nervous System

1,4-Dichlorobenzene 106-46-7 8.0 x 10+2 Alimentary System (Liver); Kidney; 
Nervous System; Respiratory System 

1,1-Dichloroethylene (Vinylidene 
Chloride) 75-35-4 7.0 x 10+1 Alimentary System (Liver) 

Diesel Exhaust a N/A 5.0 x 10+0 Respiratory System

Diethanolamine 111-42-2 3.0 x 10+0 Hematologic System; Respiratory 
System 

N,N-Dimethylformamide 68-12-2 8.0 x 10+1 Alimentary System (Liver); Respiratory 
System 

1,4-Dioxane 123-91-1 3.0 x 10+3 Alimentary System (Liver); 
Cardiovascular System; Kidney 

Epichlorohydrin 106-89-8 3.0 x 10+0 Eyes; Respiratory System

1,2-Epoxybutane 106-88-7 2.0 x 10+1 Cardiovascular System; Respiratory 
System 

Ethylbenzene 100-41-4 2.0 x 10+3 Alimentary System (Liver); Kidney; 
Development; Endocrine System 

Ethyl Chloride 75-00-3 3.0 x 10+4 Alimentary System (Liver); 
Development 

Ethylene Dibromide 106-93-4 8.0 x 10 -1 Reproductive System
Ethylene Dichloride 107-06-2 4.0 x 10+2 Alimentary System (Liver)

Ethylene Glycol 107-21-1 4.0 x 10+2 Development; Kidney; Respiratory 
System 

Ethylene Glycol Monoethyl Ether 110-80-5 7.0 x 10+1 Hematologic System; Reproductive 
System 

Ethylene Glycol Monoethyl Ether Acetate 111-15-9 3.0 x 10+2 Development
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Table 6.3 Chronic Inhalation Reference Exposure Levels (RELs) and 

Chronic Hazard Index Target Organ System(s)
 

Substance 

Chemical 
Abstract 
Service 
Number 
(CAS) 

Chronic 
Inhalation 

REL 
(g/m3) 

Chronic Inhalation Hazard Index 
Target Organ System(s) 

Ethylene Glycol Monomethyl Ether 109-86-4 6.0 x 10+1 Reproductive System 
Ethylene Glycol Monomethyl Ether 
Acetate 110-49-6 9.0 x 10+1 Reproductive System 

Ethylene Oxide 75-21-8 3.0 x 10+1 Nervous System 
Fluorides (except hydrogen fluoride) N/A 1.3 x 10+1 Bone and Teeth; Respiratory System 
Formaldehyde 50-00-0 9.0 x 10+0 Respiratory System 
Glutaraldehyde 111-30-8 8.0 x 10 -2 Respiratory System 
Hexane (n-) 110-54-3 7.0 x 10+3 Nervous System 

Hydrazine 302-01-2 2.0 x 10 -1 Alimentary System (Liver); Endocrine 
System 

Hydrogen Chloride 7647-01-0 9.0 x 10+0 Respiratory System 

Hydrogen Cyanide 74-90-8 9.0 x 10+0 Cardiovascular System; Endocrine 
System; Nervous System 

Hydrogen Fluoride 7664-39-3 1.4 x 10+1 Bone and Teeth; Respiratory System 
Hydrogen Sulfide 7783-06-4 1.0 x 10+1 Respiratory System 

Isophorone 78-59-1 2.0 x 10+3 Alimentary System (Liver); 
Development 

Isopropanol 67-63-0 7.0 x 10+3 Development; Kidney 
Maleic Anhydride 108-31-6 7.0 x 10 -1 Respiratory System 
Manganese & Manganese Compounds 7439-96-5 9.0 x 10 -2 Nervous System 
Mercury & Inorganic Mercury 
Compounds 7439-97-6 3.0 x 10 -2 Nervous System; Development; 

Kidney 
Methanol 67-56-1 4.0 x 10+3 Development 

Methyl Bromide 74-83-9 5.0 x 10+0 Development; Nervous System; 
Respiratory System 

Methyl Chloroform 71-55-6 1.0 x 10+3 Nervous System 

Methyl Isocyanate 624-83-9 1.0 x 10+0 Reproductive System; 
Respiratory System 

Methyl tertiary-Butyl Ether 1634-04-4 8.0 x 10+3 Alimentary System (Liver); Eyes; 
Kidney 

Methylene Chloride 75-09-2 4.0 x 10+2 Cardiovascular System; Nervous 
System 

4,4’-Methylene Dianiline (& its dichloride) 101-77-9 2.0 x 10+1 Alimentary System (Liver); Eyes 
Methylene Diphenyl Isocyanate 101-68-8 7.0 x 10 -1 Respiratory System 
Naphthalene 91-20-3 9.0 x 10+0 Respiratory System 
Nickel & Nickel Compounds 
(except nickel oxide) 7440-02-0 1.4 x 10 -2 Hematologic System; Respiratory 

System 
Nickel Oxide 1313-99-1 2.0 x 10 -2 Respiratory System 
Perchloroethylene (Tetrachloroethylene)a 127-18-4 3.5 x 10+1 Alimentary System (Liver); Kidney 

Phenol 108-95-2 2.0 x 10+2 
Alimentary System (Liver); 
Cardiovascular System; Kidney; 
Nervous System 

Phosphine 7803-51-2 8.0 x 10 -1 
Alimentary System (Liver); 
Hematologic System; Kidney; Nervous 
System; Respiratory System 
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Table 6.3 Chronic Inhalation Reference Exposure Levels (RELs) and 

Chronic Hazard Index Target Organ System(s)
 

Substance 

Chemical 
Abstract 
Service 
Number 
(CAS) 

Chronic 
Inhalation 

REL 
(g/m3)

Chronic Inhalation Hazard Index 
Target Organ System(s) 

Phosphoric Acid 7664-38-2 7.0 x 10+0 Respiratory System
Phthalic Anhydride 85-44-9 2.0 x 10+1 Respiratory System
Polychlorinated biphenyls (PCBs)b 

3,3’,4,4’-Tetrachlorobiphenyl (77) b 35298-13-3 4.0 x10 -1 

Alimentary System (Liver); 
Developmental; Endocrine System; 
Hematologic System; Reproductive 
System; Respiratory System 

3,4,4’,5-Tetrachlorobiphenyl (81) b 70362-50-4 1.3 x 10 -1 

2,3,3’,4,4’- Pentachlorobiphenyl (105) b 32598-14-4 1.3 x 10+0 

2,3,4,4’5- Pentachlorobiphenyl (114) b 74472-37-0 1.3 x 10+0 

2,3’4,4’,5- Pentachlorobiphenyl (118) b 31508-00-6 1.3 x 10+0 

2’,3,4,4’,5- Pentachlorobiphenyl (123) b 65510-44-3 1.3 x 10+0 

3,3’,4,4’,5- Pentachlorobiphenyl (126) b 57465-28-8 4.0 x 10 -4 

2,3,3’,4,4’,5-Hexachlorobiphenyl (156) b 38380-08-4 1.3 x 10+0 

2,3,3’,4,4’,5’-Hexachlorobiphenyl (157) b 69782-90-7 1.3 x 10+0 

2,3’,4,4’,5,5’-Hexachlorobiphenyl (167) b 52663-72-6 1.3 x 10+0 

3,3’,4,4’5,5’- Hexachlorobiphenyl (169) b 32774-16-6 1.3 x 10 -3 

2,3,3’4,4’,5,5’-Heptachlorobiphenyl 
(189) b 

39635-31-9 1.3 x 10+0 

Propylene 115-07-1 3.0 x 10+3 Respiratory System
Propylene Glycol Monomethyl Ether 107-98-2 7.0 x 10+3 Alimentary System (Liver)
Propylene Oxide 75-56-9 3.0 x 10+1 Respiratory System

Selenium and Selenium compounds 
(other than Hydrogen Selenide) 7782-49-2 2.0 x 10+1 

Alimentary System (Liver); 
Cardiovascular System; Nervous 
System 

Silica (crystalline, respirable) N/A 3.0 x 10+0 Respiratory System
Styrene 100-42-5 9.0 x 10+2 Nervous System
Sulfuric Acid 7664-93-9 1.0 x 10+0 Respiratory System

Toluene 108-88-3 3.0 x 10+2 Development; Nervous System; 
Respiratory System 

2,4-Toluene Diisocyanate 584-84-9 7.0 x 10 -2 Respiratory System
2,6-Toluene Diisocyanate 91-08-7 7.0 x 10 -2 Respiratory System
Trichloroethylene a 79-01-6 6.0 x 10+2 Eyes; Nervous System
Triethylamine 121-44-8 2.0 x 10+2 Eyes
Vinyl Acetate 108-05-4 2.0 x 10+2 Respiratory System

Xylenes (m, o, p-isomers) 1330-20-7 7.0 x 10+2 Nervous System; Respiratory System; 
Eyes 

a	 These peer-reviewed values were developed under the Toxic Air Contaminant (TAC) Program 
mandated by AB1807 (California Health and Safety Code Sec. 39650 et seq.). 

b	 The OEHHA has adopted the World Health Organization Toxicity Equivalency Factor (TEF) 
scheme for evaluating the cancer risk and noncancer hazard due to exposure to samples 
containing mixtures of polychlorinated dibenzo-p-dioxins (PCDD) (also referred to as chlorinated 
dioxins and dibenzofurans), polychlorinated dibenzofurans (PCDF) and polychlorinated biphenyls 
(PCBs).  The TEF values are revised from time to time to reflect new data and increased scientific 
knowledge.  Currently OEHHA recommends use of the 2005 revision to the WHO TEF values 
(WHO05-TEF). See Appendix E for more information about the scheme and for the methodology 
for calculating 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) equivalents for PCDD and PCDFs.  For 
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convenience, OEHHA has calculated chronic REL values for speciated PCDDs, PCDFs and PCBs 
based on the WHO05 TEF values and the chronic REL for 2,3,7,8-TCDD using the procedure 
discussed in Appendix E.  The chronic REL values can be used to calculate a hazard index when 
the mixtures are speciated from individual congener ground level concentrations. In those cases 
where speciation of dioxins and furans has not been performed, then 2,3,7,8-TCDD serves as the 
surrogate for dioxin and furan emissions. 

N/A Not Applicable 

6.5 Chronic Oral (Noninhalation) Reference Exposure Levels 

As specified throughout the guidelines, estimates of long-term exposure resulting from 
facility air emissions of specific compounds must be analyzed for both inhalation and 
noninhalation (multipathway) pathways of exposure for humans.  Facilities often emit 
substances under high temperature and pressure in the presence of particulate matter.  
While some of these substances are expected to remain in the vapor phase, other 
substances such as metals and semi-volatile organics can be either emitted as 
particles, form particles after emission from the facility, or adhere to existing particles. 
Some substances will partition between vapor and particulate phases.  Substances in 
the particulate phase can be removed from the atmosphere by settling and, thus, 
potentially present a significant hazard via noninhalation pathways.  

Particulate-associated chemicals can be deposited directly onto soil, onto the leaves or 
fruits of crops, or onto surface waters.  Exposure via the oral route is the predominant 
noninhalation pathway, resulting in the noninhalation RELs being referred to as ‘oral 
RELs’ in this document. The oral RELs are used for both ingestion and dermal 
exposures, and are applied using the chronic non-inhalation exposures in the residential 
scenario and the worker scenarios. The oral RELs are expressed as doses in milligrams 
of substance (consumed and dermally absorbed) per kilogram body weight per day 
(mg/kg-day).  

Table 6.4 lists the chronic noncancer RELs to be used in the assessment of chronic 
health effects from noninhalation pathways of exposure. Any substances in Table 6.4 
with Development or Reproductive System as a target organ system are represented in 
HARP and in the Appendix L REL tables under the single endpoint 
“Reproductive/Development”.  Appendix L provides a consolidated listing of all chronic 
RELs and target organs that are approved for use by OEHHA and ARB for the Hot 
Spots Program.  Periodically, new or updated RELs are adopted by OEHHA and these 
guidelines will be updated to reflect those changes.  See OEHHA’s web page at 
http://www.oehha.ca.gov/air/allrels.html to determine if any new or updated RELs have 
been adopted since the last guideline update.  Chapter 8 discusses the methods used 
for determining potential noncancer health impacts and Appendix I presents example 
calculations used to determine a HQ and HI. 
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Table 6.4 Chronic Noninhalation ‘Oral’ Reference Exposure Levels 
(RELs) and Chronic Hazard Index Target Organ System(s) 

Substance 
Chemical 
Abstract 
Service 

No. (CAS) 

Chronic 
Oral REL 

(mg/kg-day) 
Chronic Oral Hazard Index 

Target Organ System(s) 

Arsenic & Inorganic Arsenic Compounds 7440-38-2 3.5 x 10 -6 
Development; Nervous 
System; Respiratory System; 
Cardiovascular System; Skin 

Beryllium and Beryllium Compounds 7440-41-7 2.0 x 10 -3 Alimentary System 
(Gastrointestinal Tract) 

Cadmium and Cadmium Compounds 7440-43-9 5.0 x 10 -4 Kidney 
Chlorinated Dibenzo-p-dioxins a 

2,3,7,8-Tetrachlorodibenzo-p-dioxin a 1746-01-6 1.0 x 10 -8 

Alimentary System (Liver); 
Developmental; Endocrine 
System; Hematologic System; 
Reproductive System; 
Respiratory System 

1,2,3,7,8-Pentachlorodibenzo-p-dioxin a 40321-76-4 1.0 x 10 -8 

1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin a 39227-28-6 1.0 x 10 -7 

1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin a 57653-85-7 1.0 x 10 -7 

1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin a 19408-74-3 1.0 x 10 -7 

1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin a 35822-46-9 1.0 x 10 -6 

1,2,3,4,6,7,8,9-Octachlorodibenzo-p-dioxin a 3268-87-9 3.3 x 10 -5 

Chlorinated Dibenzofurans a 

2,3,7,8-Tetrachlorodibenzofuran a 5120-73-19 1.0 x 10 -7 

Alimentary System (Liver); 
Development; Endocrine 
System; Hematologic System; 
Reproductive System; 
Respiratory System 

1,2,3,7,8-Pentachlorodibenzofuran a 57117-41-6 3.3 x 10 -7 

2,3,4,7,8-Pentachlorodibenzofuran a 57117-31-4 3.3 x 10 -8 

1,2,3,4,7,8-Hexachlorodibenzofuran a 70648-26-9 1.0 x 10 -7 

1,2,3,6,7,8-Hexachlorodibenzofuran a 57117-44-9 1.0 x 10 -7 

1,2,3,7,8,9-Hexachlorodibenzofuran a 72918-21-9 1.0 x 10 -7 

2,3,4,6,7,8-Hexachlorodibenzofuran a 60851-34-5 1.0 x 10 -7 

1,2,3,4,6,7,8-Heptachlorodibenzofuran a 67562-39-4 1.0 x 10 -6 

1,2,3,4,7,8,9-Heptachlorodibenzofuran a 55673-89-7 1.0 x 10 -6 

1,2,3,4,6,7,8,9-Octachlorodibenzofuran a 39001-02-0 3.3 x 10 -5 

Chromium VI & Soluble Chromium VI 
Compounds (including chromic trioxide) 18540-29-9 2.0 x 10 -2 Hematologic System 

Fluorides (including hydrogen fluoride) 7664-39-3 4.0 x 10 -2 Bone and Teeth 

Mercury & Mercury Inorganic Compounds 7439-97-6 1.6 x 10 -4 Kidney; Nervous System; 
Development 

Nickel & Nickel Compounds (including nickel 
oxide) 7440-02-0 1.1 x 10 -2 Development 

Polychlorinated biphenyls (PCBs) (speciated)a 

3,3’,4,4’-Tetrachlorobiphenyl (77)a 35298-13-3 1.0 x 10 -4 

Alimentary System (Liver); 
Developmental; Endocrine 
System; Hematologic System; 
Reproductive System; 
Respiratory System 

3,4,4’,5-Tetrachlorobiphenyl (81)a 70362-50-4 3.3 x 10 -5 

2,3,3’,4,4’- Pentachlorobiphenyl (105)a 32598-14-4 3.3 x 10 -4 

2,3,4,4’5- Pentachlorobiphenyl (114)a 74472-37-0 3.3 x 10 -4 

2,3’4,4’,5- Pentachlorobiphenyl (118)a 31508-00-6 3.3 x 10 -4 

2’,3,4,4’,5- Pentachlorobiphenyl (123)a 65510-44-3 3.3 x 10 -4 

3,3’,4,4’,5- Pentachlorobiphenyl (126)a 57465-28-8 1.0 x 10 -7 

2,3,3’,4,4’,5-Hexachlorobiphenyl (156)a 38380-08-4 3.3 x 10 -4 

2,3,3’,4,4’,5’-Hexachlorobiphenyl (157)a 69782-90-7 3.3 x 10 -4 

2,3’,4,4’,5,5’-Hexachlorobiphenyl (167)a 52663-72-6 3.3 x 10 -4 

3,3’,4,4’5,5’- Hexachlorobiphenyl (169)a 32774-16-6 3.3 x 10 -7 

2,3,3’4,4’,5,5’- Heptachlorobiphenyl (189)a 39635-31-9 3.3 x 10 -4 
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Table 6.4 Chronic Noninhalation ‘Oral’ Reference Exposure Levels 
(RELs) and Chronic Hazard Index Target Organ System(s) 

Substance 
Chemical 
Abstract 
Service 

No. (CAS) 

Chronic 
Oral REL 

(mg/kg-day) 
Chronic Oral Hazard Index 

Target Organ System(s) 

Selenium and Selenium Compounds (other 
than hydrogen selenide) 7782-49-2 5.0 x 10 -3 

Alimentary System (Liver); 
Cardiovascular System; 
Nervous System 

a The OEHHA has adopted the World Health Organization Toxicity Equivalency Factor (TEF) scheme 
for evaluating the cancer risk and noncancer risk due to exposure to samples containing mixtures of 
polychlorinated dibenzo-p-dioxins (PCDD) (also referred to as chlorinated dioxins and dibenzofurans), 
polychlorinated dibenzofurans (PCDF), and polychlorinated biphenyls (PCBs).  The TEF values are 
revised from time to time to reflect new data and increased scientific knowledge. Currently OEHHA 
recommends use of the 2005 revision to the WHO TEF values (WHO05-TEF). See Appendix E for 
more information about the scheme and for the methodology for calculating 2,3,7,8-equivalents for 
PCDD and PCDFs.  For convenience, OEHHA has calculated chronic ‘oral’ REL values for speciated 
PCDDs, PCDFs, and PCBs based on the WHO05 TEF values and the chronic ‘oral’ REL for 2,3,7,8-
tetrachlorodibenzo-p-dioxin using the procedure discussed in Appendix E.  The chronic ‘oral’ REL 
values can be used to calculate a hazard index when the mixtures are speciated from individual 
congener ground level concentrations. In those cases where speciation of dioxins and furans has not 
been performed, then 2,3,7,8-TCDD serves as the surrogate for dioxin and furan emissions. 

6.6 References 

OEHHA, 2008. Air Toxics Hot Spots Risk Assessment Guidelines Technical Support 
Document for the Derivation of Noncancer Reference Exposure Levels.  Available 
online at: http://www.oehha.ca.gov 
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7 - Dose-Response Assessment for Carcinogens 

7.1 Introduction 

Dose-response assessment characterizes the quantitative relationship between the 
amount of exposure to a substance (the dose) and the incidence or occurrence of injury 
(the response). The process often involves establishing a toxicity value or criterion to 
use in assessing potential health risk. The toxicity criterion, or health guidance value, 
for carcinogens is the cancer potency slope (potency factor), which describes the 
potential risk of developing cancer per unit of average daily dose over a 70-year lifetime. 
Cancer inhalation and oral potency factors have been derived by the Office of 
Environmental Health Hazard Assessment (OEHHA) or by the United States 
Environmental Protection Agency (U.S. EPA) and approved by the State’s Scientific 
Review Panel on Toxic Air Contaminants. They are available for many of the 
substances listed in Appendix A (List of Substances) as carcinogens. Table 7.1 and 
Appendix L list the inhalation and oral cancer potency factors that should be used in 
multipathway health risk assessments (HRAs) for the Hot Spots Program. 

The details on the methodology of dose-response assessment for carcinogens and the 
approved cancer potency factors are provided in the Air Toxics Hot Spots Risk 
Assessment Guidelines. Part II. Technical Support Document for Cancer Potency 
Factors: Methodologies for derivation, listing of available values, and adjustments to 
allow for early life stage exposures. May, 2009. (OEHHA, 2009; see 
http://www.oehha.ca.gov/air/hot_spots/tsd052909.html). 

7.2 Carcinogenic Potency 

Cancer potency factors used for both the inhalation and oral routes in the Hot Spots 
program are generally the 95% upper confidence limits (UCL) on the modeled dose-
response slope at the low dose range. The cancer slope factor assumes continuous 
lifetime exposure to a substance, and is expressed in units of inverse dose [i.e., 
(mg/kg/day)-1]. Another common potency expression is in units of inverse concentration 

)-1[(g/m3 )] when the slope is based on exposure concentration rather than dose; this is 
termed the unit risk factor.  To accommodate the use of age-specific exposure variates, 
the Hot Spots program has translated the unit risk factors based on concentration to 
units of inverse dose. This allows calculation of risk for age groupings, as exposure 
varies with age.  It also allows for application of Age Sensitivity Factors for early life 
exposures. 

It is assumed in cancer risk assessments that risk is directly proportional to dose and 
that, for most carcinogens, there is no threshold for carcinogenesis. The derivation of 
inhalation and oral cancer potency factors takes into account information on 
pharmacokinetics, when available, and on the mechanism of carcinogenic action. 
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Table 7.1 and Appendix L list inhalation and oral cancer potency factors that should be 
used in risk assessments for the Hot Spots Program.  Chapter 8 describes procedures 
for use of potency factors in estimating potential cancer risk. 

7.2.1 Inhalation Cancer Potency Factors 

The risk assessment methodology and algorithms presented in Chapter 8 express the 
inhalation cancer slope factors in units of inverse dose (i.e., (mg/kg/day)-1). Breathing 
rates, expressed in units of liters per kilogram of body weight-day (L/kg-day), are 
multiplied with the air concentrations, coupled with the appropriate unit conversion 
factor, to estimate dose in mg/kg-day.  This allows estimation of average and high-end 
cancer risk point estimates.  Estimation of a distribution of cancer risk based on 
variability in breathing rate can be obtained by Monte Carlo methods using the 
distributions of breathing rates in L/kg-day, which can then be converted to a dose 
distribution in mg/kg BW based on the intake rate. Unit risk factors [in the units of 

)-1inverse concentration (i.e., (g/m3 ], which were used in previous guidelines for the 
Hot Spots program, are still listed in the TSD (OEHHA, 2009) and may prove useful in 
other risk assessment applications. 

The average daily inhalation dose (mg/kg-day) multiplied by the cancer potency factor 
(mg/kg-day)-1 will give the inhalation cancer risk (unitless), which is an expression of the 
chemical’s cancer risk during a 70-year lifespan of exposure.  For example, an 
inhalation cancer risk of 5 x 10-6 is the same as stating that an individual has an 
estimated probability of developing cancer from their exposure of 5 chances per million 
people exposed. A more complete description of how potential cancer risk is calculated 
from the exposure dose and cancer potency factors is provided in Chapter 8. 
Appendix I presents an example calculation for determining cancer risk.  

A list of current inhalation potency factors is provided in Table 7.1. Periodically, new or 
revised cancer potency factors will be peer reviewed by the State’s Scientific Review 
Panel on Toxic Air Contaminants (SRP) and adopted by the Director of OEHHA. For 
new or updated numbers, consult the OEHHA web site at 
(http://www.oehha.ca.gov/air/hot_spots/tsd052909.html) to determine if any new or 
updated cancer potency factors have been adopted since this guideline update. New 
cancer potency factors that have been approved by the SRP and adopted by the 
Director of OEHHA should be incorporated into Hot Spots risk assessment for facilities 
that emit those chemicals. 

7.2.2 Oral Cancer Potency Factors 

Under the Hot Spots Program, a few substances are evaluated for exposure and risk 
from non-inhalation pathways – these are referred to as multipathway substances.  
Multipathway substances have the potential to impact a receptor through inhalation and 
noninhalation (oral and dermal) exposure routes. These substances include heavy 
metals and semi-volatile organic substances such as dioxins, furans, and polycyclic 
aromatic hydrocarbons (PAHs). These substances commonly exist in the particle 
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phase or partially in the particle phase when emitted into the air. They can therefore be 
deposited onto soil, vegetation, and water.  Noninhalation exposure pathways 
considered under the Hot Spots Program include the ingestion of soil, homegrown 
produce, meat, milk, surface water, breast milk, and fish as well as dermal exposure to 
contaminants deposited in the soil.  See Table 5.1 for a list of the multipathway 
substances. 

Table 7.1 and Appendix L list oral cancer potency factors in units of (mg/kg-day)-1 that 
should be used for assessing the potential cancer risk for these substances through 
noninhalation exposure pathways.  The cancer risk from these individual pathways is 
calculated by multiplying the dose (mg/kg-day) times the oral cancer potency factor 
(mg/kg-day)-1 to yield the potential cancer risk (unitless) from non-inhalation exposures.  
Chapter 5 provides all of the algorithms to calculate exposure dose through all of the 
individual exposure pathways.  Appendix I provides a sample calculation for dose and 
cancer risk using the inhalation exposure pathway. 

Three carcinogens (cadmium, beryllium, and nickel), although subject to deposition, are 
only treated as carcinogenic by the inhalation route and not by the oral route. 
Therefore, there are no oral cancer potency factors for these substances.  However, the 
oral doses of these substances need to be estimated because of their noncancer 
toxicity.  See Chapters 6 and 8, and Appendices I and L for dose-response factors, and 
calculations to address these substances. 
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Table 7.1 Inhalation and Oral Cancer Potency Factors
 

Substance 

Chemical 
Abstract 
Service 
Number 
(CAS) 

Inhalation 
Potency 
Factor 

(mg/kg-day) -1 

Oral Slope 
Factor 

(mg/kg-day) -1 

Acetaldehyde 75-07-0 1.0 x 10 -2 

Acetamide 60-35-5 7.0 x 10 -2 

Acrylamide 79-06-1 4.5 x 10+0 

Acrylonitrile 107-13-1 1.0 x 10+0 

Allyl chloride 107-05-1 2.1 x 10 -2 

2-Aminoanthraquinone 117-79-3 3.3 x 10 -2 

Aniline 62-53-3 5.7 x 10 -3 

Arsenic (inorganic) 7440-38-2 1.2 x 10+1 1.5 x 10+0 

Asbestos # 1332-21-4 2.2 x 10+2 # 

Benz[a]anthracene BaP 56-55-3 3.9 x 10 -1 1.2 x 10+0 

Benzene 71-43-2 1.0 x 10 -1 

Benzidine 92-87-5 5.0 x 10+2 

Benzo[a]pyrene 50-32-8 3.9 x 10+0 1.2 x 10+1 

Benzo[b]fluoranthrene BaP 205-99-2 3.9 x 10 -1 1.2 x 10+0 

Benzo[j]fluoranthrene BaP 205-82-3 3.9 x 10 -1 1.2 x 10+0 

Benzo[k]fluoranthrene BaP 207-08-9 3.9 x 10 -1 1.2 x 10+0 

Benzyl chloride 100-44-7 1.7 x 10 -1 

Beryllium 7440-41-7 8.4 x 10+0 

Bis(2-chloroethyl) ether 111-44-4 2.5 x 10+0 

Bis(chloromethyl)ether 542-88-1 4.6 x 10+1 

1,3-Butadiene 106-99-0 6.0 x 10 -1 

Cadmium (and compounds) 7440-43-9 1.5 x 10+1 

Carbon tetrachloride 56-23-5 1.5 x 10 -1 

Chlorinated Dibenzo-p-dioxins A 

2,3,7,8-Tetrachlorodibenzo-p-dioxin 1746-01-6 1.3 x 10+5 1.3 x 10+5 

1,2,3,7,8-Pentachlorodibenzo-p-dioxin 40321-76-4 1.3 x 10+5 1.3 x 10+5 

1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin 39227-28-6 1.3 x 10+4 1.3 x 10+4 

1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin 57653-85-7 1.3 x 10+4 1.3 x 10+4 

1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin 19408-74-3 1.3 x 10+4 1.3 x 10+4 

1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin 35822-46-9 1.3 x 10+3 1.3 x 10+3 

1,2,3,4,,6,7,8,9-Octachlorodibenzo-p-dioxin 3268-87-9 3.9 x 10+1 3.9 x 10+1 

Chlorinated Dibenzofurans A 

2,3,7,8-Tetrachlorodibenzofuran 5120-73-19 1.3 x 10+4 1.3 x 10+4 

1,2,3,7,8-Pentachlorodibenzofuran 57117-41-6 3.9 x 10+3 3.9 x 10+3 

2,3,4,7,8-Pentachlorodibenzofuran 57117-31-4 3.9 x 10+4 3.9 x 10+4 

1,2,3,4,7,8-Hexachlorodibenzofuran 70648-26-9 1.3 x 10+4 1.3 x 10+4 

1,2,3,6,7,8-Hexachlorodibenzofuran 57117-44-9 1.3 x 10+4 1.3 x 10+4 

1,2,3,7,8,9-Hexachlorodibenzofuran 72918-21-9 1.3 x 10+4 1.3 x 10+4 

2,3,4,6,7,8-Hexachlorodibenzofuran 60851-34-5 1.3 x 10+4 1.3 x 10+4 
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Table 7.1 Inhalation and Oral Cancer Potency Factors
 

Substance 

Chemical 
Abstract 
Service 
Number 
(CAS) 

Inhalation 
Potency 
Factor 

(mg/kg-day) -1 

Oral Slope 
Factor 

(mg/kg-day) -1 

1,2,3,4,6,7,8-Heptachlorodibenzofuran 67562-39-4 1.3 x 10+3 1.3 x 10+3 

1,2,3,4,7,8,9-Heptachlorodibenzofuran 55673-89-7 1.3 x 10+3 1.3 x 10+3 

1,2,3,4,,6,7,8,9-Octachlorodibenzofuran 39001-02-0 3.9 x 10+1 3.9 x 10+1 

Chlorinated paraffins 108171-26-2 8.9 x 10 -2 

Chloroform 67-66-3 1.9 x 10 -2 

4-Chloro-o-phenylenediamine 95-83-0 1.6 x 10 -2 

p-Chloro-o-toluidine 95-69-2 2.7 x 10 -1 

Chromium (hexavalent) 18540-29-9 5.1 x 10+2 5 x 10 -1 

Chrysene BaP 218-01-9 3.9 x 10 -2 1.2 x 10 -1 

Creosote 8001-58-9 * 
p-Cresidine 120-71-8 1.5 x 10 -1 

Cupferron 135-20-6 2.2 x 10 -1 

2,4-Diaminoanisole 615-05-4 2.3 x 10 -2 

2,4-Diaminotoluene 95-80-7 4.0 x 10+0 

Dibenz[a,h]acridine BaP 226-36-8 3.9 x 10 -1 1.2 x 10+0 

Dibenz[a,j]acridine BaP 224-42-0 3.9 x 10 -1 1.2 x 10+0 

Dibenz[a,h]anthracene BaP 53-70-3 4.1 x 10+0 4.1 x 10+0 

Dibenzo[a,e]pyrene BaP 192-65-4 3.9 x 10+0 1.2 x 10+1 

Dibenzo[a,h]pyrene BaP 189-64-0 3.9 x 10+1 1.2 x 10+2 

Dibenzo[a,I]pyrene BaP 189-55-9 3.9 x 10+1 1.2 x 10+2 

Dibenzo[a,l]pyrene BaP 191-30-0 3.9 x 10+1 1.2 x 10+2 

7H-Dibenzo[c,g]carbazole BaP 194-59-2 3.9 x 10+0 1.2 x 10+1 

1,2-Dibromo-3-chloropropane 96-12-8 7.0 x 10+0 

1,4-Dichlorobenzene 106-46-7 4.0 x 10 -2 

3,3'-Dichlorobenzidine 91-94-1 1.2 x 10+0 

1,1-Dichloroethane 75-34-3 5.7 x 10 -3 

Diesel exhaust B NA 1.1 x 10+0 

Diethylhexylphthalate 117-81-7 8.4 x 10 -3 8.4 x 10 -3 

p-Dimethylaminoazobenzene 60-11-7 4.6 x 10+0 

7,12-Dimethylbenz[a]anthracene BaP 57-97-6 2.5 x 10+2 2.5 x 10+2 

1,6-Dinitropyrene BaP 42397-64-8 3.9 x 10+1 1.2 x 10+2 

1,8-Dinitropyrene BaP 42397-65-9 3.9 x 10+0 1.2 x 10+1 

2,4-Dinitrotoluene 121-14-2 3.1 x 10 -1 

1,4-Dioxane 123-91-1 2.7 x 10 -2 

Epichlorohydrin 106-89-8 8.0 x 10 -2 

Ethyl benzene 100-41-4 8.7 x 10 -3 1.1 x 10 -2 

Ethylene dibromide 106-93-4 2.5 x 10 -1 

Ethylene dichloride 107-06-2 7.2 x 10 -2 

Ethylene oxide 75-21-8 3.1 x 10 -1 
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Table 7.1 Inhalation and Oral Cancer Potency Factors
 

Substance 

Chemical 
Abstract 
Service 
Number 
(CAS) 

Inhalation 
Potency 
Factor 

(mg/kg-day) -1 

Oral Slope 
Factor 

(mg/kg-day) -1 

Ethylene thiourea 96-45-7 4.5 x 10 -2 

Formaldehyde 50-00-0 2.1 x 10 -2 

Hexachlorobenzene 118-74-1 1.8 x 10+0 

Hexachlorocyclohexanes (technical grade) 608-73-1 4.0 x 10+0 4.0 x 10+0 

Hydrazine 302-01-2 1.7 x 10+1 3.0 x 10+0 

Indeno[1,2,3-cd]pyrene BaP 193-39-5 3.9 x 10 -1 1.2 x 10+0 

Lead and lead compounds 7439-92-1 4.2 x 10 -2 8.5 x 10 -3 

Lindane 58-89-9 1.1 x 10+0 1.1 x 10+0 

Methyl tertiary-butyl ether 1634-04-4 1.8 x 10 -3 

3-Methylcholanthrene BaP 56-49-5 2.2 x 10+1 2.2 x 10+1 

5-Methylchrysene BaP 3697-24-3 3.9 x 10+0 1.2 x 10+1 

4, 4'-Methylene bis(2-chloroaniline) (MOCA) 101-14-4 1.5 x 10+0 

Methylene chloride 75-09-2 3.5 x 10 -3 

4,4'-Methylenedianiline 101-77-9 1.6 x 10+0 1.6 x 10+0 

Michler's ketone 90-94-8 8.6 x 10 -1 

Naphthalene 91-20-3 1.2 x 10 -1 

Nickel (and compounds) 7440-02-0 9.1 x 10 -1 

5-Nitroacenaphthene BaP 602-87-9 1.3 x 10 -1 1.3 x 10 -1 

6-Nitrochrysene BaP 7496-02-8 3.9 x 10+1 1.2 x 10+2 

2-Nitrofluorene BaP 607-57-8 3.9 x 10 -2 1.2 x 10 -1 

1-Nitropyrene BaP 5522-43-0 3.9 x 10 -1 1.2 x 10+0 

4-Nitropyrene BaP 57835-92-4 3.9 x 10 -1 1.2 x 10+0 

N-Nitroso-n-butylamine 924-16-3 1.1 x 10+1 

N-Nitroso-N-methylethylamine 10595-95-6 2.2 x 10+1 

N-Nitrosodi-n-propylamine 621-64-7 7.0 x 10+0 

N-Nitrosodiethylamine 55-18-5 3.6 x 10+1 

N-Nitrosodimethylamine 62-75-9 1.6 x 10+1 

N-Nitrosodiphenylamine 86-30-6 9.0 x 10 -3 

p-Nitrosodiphenylamine 156-10-5 2.2 x 10 -2 

N-Nitrosomorpholine 59-89-2 6.7 x 10+0 

N-Nitrosopiperidine 100-75-4 9.4 x 10+0 

N-Nitrosopyrrolidine 930-55-2 2.1 x 10+0 

Pentachlorophenol 87-86-5 1.8 x 10 -2 

Perchloroethylene 127-18-4 2.1 x 10 -2 5.1 x 10 -2 

Polychlorinated biphenyls (PCBs) 
(unspeciated mixture) 1336-36-3 

(high risk) P1 2.0 x 10+0 2.0 x 10+0 

(low risk) P2 4.0 x 10 -1 4.0 x 10 -1 

(lowest risk) P3 7.0 x 10 -2 7.0 x 10 -2 
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Table 7.1 Inhalation and Oral Cancer Potency Factors
 

Substance 

Chemical 
Abstract 
Service 
Number 
(CAS) 

Inhalation 
Potency 
Factor 

(mg/kg-day) -1 

Oral Slope 
Factor 

(mg/kg-day) -1 

Polychlorinated biphenylsP4 (PCBs) (speciated) 
3,3’,4,4’-Tetrachlorobiphenyl (77) 35298-13-3 1.3 x 10+1 1.3 x 10+1 

3,4,4’,5-Tetrachlorobiphenyl (81) 70362-50-4 3.9 x 10+1 3.9 x 10+1 

2,3,3’,4,4’- Pentachlorobiphenyl (105) 32598-14-4 3.9 x 10+0 3.9 x 10+0 

2,3,4,4’5- Pentachlorobiphenyl (114) 74472-37-0 3.9 x 10+0 3.9 x 10+0 

2,3’4,4’,5- Pentachlorobiphenyl (118) 31508-00-6 3.9 x 10+0 3.9 x 10+0 

2’,3,4,4’,5- Pentachlorobiphenyl (123) 65510-44-3 3.9 x 10+0 3.9 x 10+0 

3,3’,4,4’,5- Pentachlorobiphenyl (126) 57465-28-8 1.3 x 10+4 1.3 x 10+4 

2,3,3’,4,4’,5-Hexachlorobiphenyl (156) 38380-08-4 3.9 x 10+0 3.9 x 10+0 

2,3,3’,4,4’,5’-Hexachlorobiphenyl (157) 69782-90-7 3.9 x 10+0 3.9 x 10+0 

2,3’,4,4’,5,5’-Hexachlorobiphenyl (167) 52663-72-6 3.9 x 10+0 3.9 x 10+0 

3,3’,4,4’5,5’- Hexachlorobiphenyl (169) 32774-16-6 3.9 x 10+3 3.9 x 10+3 

2,3,3’4,4’,5,5’- Heptachlorobiphenyl (189) 39635-31-9 3.9 x 10+0 3.9 x 10+0 

Potassium bromate 7758-01-2 4.9 x 10 -1 

1,3-Propane sultone 1120-71-4 2.4 x 10+0 

Propylene oxide 75-56-9 1.3 x 10 -2 2.4 x 10 -1 

1,1,2,2-Tetrachloroethane 79-34-5 2.0 x 10 -1 

Thioacetamide 62-55-5 6.1 x 10+0 

2,4-Toluene diisocyanate 584-84-9 3.9 x 10 -2 

2,6-Toluene diisocyanate 91-08-7 3.9 x 10 -2 

1,1,2-Trichloroethane (vinyl trichloride) 79-00-5 5.7 x 10 -2 

Trichloroethylene 79-01-6 7.0 x 10 -3 1.5 x 10 -2 

2,4,6-Trichlorophenol 88-06-2 7.0 x 10 -2 

Urethane 51-79-6 1.0 x 10+0 

Vinyl chloride 75-01-4 2.7 x 10 -1 
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Notes for Table 7.1 
# Asbestos:  [100 PCM fibers/m3]-1 A unit risk factor of 2.7 x 10-6 (g/m3)-1 and an inhalation

cancer potency factor of 2.2 x 10+2 (mg/kg BW*day)-1 are available (see Appendix C for
explanation ). 

BaP PAHs and PAH Derivatives:  Many have potency equivalency factors relative to 
benzo[a]pyrene (see Appendix G). For multipathway chemicals, including PAHs, the oral 
slope factor is considered the same as the inhalation potency factor unless otherwise 
noted in the Table. 

A Polychlorinated Dibenzo-p-dioxins, Polychlorinated Dibenzofurans and speciated poly 
chlorinated biphenyls:  (see Appendix E).    For convenience, OEHHA has calculated 
cancer potency factors for speciated polychlorinated dibenzo-p-dioxin, polychlorinated 
dibenzofuran and polychlorinated biphenyl congeners using the procedure in Appendix E. 

B Diesel Exhaust is listed as a Toxic Air Contaminant by the Air Resources Board as 
“Particulate Matter from Diesel-Fueled Engines”.  (See Appendix D) 

* Creosote:  Can be calculated using Potency Equivalency Factors contained in the 
benzo[a]pyrene Toxic Air Contaminant document and in Appendix G of these guidelines. 

P1 Polychlorinated Biphenyls (PCBs):  High Risk is for use in cases where congeners with 
more than four chlorines do not comprise less (are greater) than one-half percent of total 
PCBs.  The high risk number is the default for unspeciated PCB mixtures. 

P2 The low risk number is generally not applicable to the Hot Spots program.  The Hot Spots 
program addresses PCBs emitted by stationary facilities.  It cannot be assumed that such 
emissions would occur by simple evaporation.  There is a dermal absorption factor 
applied in evaluation of the dermal pathway for PCBs so the medium risk would not apply 
to dermal exposure (OEHHA, 2009).  The water pathway does not include an assumption 
that PCB isomers are water soluble, so the medium number would not apply to the water 
pathway. 

P3 Polychlorinated Biphenyls (PCBs):  Lowest Risk is for use in cases where congeners with 
more than four chlorines comprise less than one-half percent of total PCBs.  In order for 
the low number to be used, scientific justification needs to be presented.  

P4 Number in parentheses is the IUPAC #, the PCB nomenclature is IUPAC.  For 
multipathway chemicals, including PCBs, the oral slope factor is considered the same as 
the inhalation potency factor unless otherwise noted in the Table. 

7.3 References 

OEHHA, 2009.  Air Toxics Hot Spots Risk Assessment Guidelines. Part II. Technical 
Support Document for Cancer Potency Factors: Methodologies for derivation, listing of 
available values, and adjustments to allow for early life stage exposures. May, 2009. 
Available online at: http://www.oehha.ca.gov/air/hot_spots/tsd052909.html 
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8 - Risk Characterization for Carcinogens and 
Noncarcinogens and the Requirements for 

Hot Spots Risk Assessments 

8.1 Introduction 

Risk characterization is the final step of the health risk assessment (HRA).  In this step, 
information developed through the exposure assessment is combined with information 
from the dose-response assessment to characterize risks to the general public from 
emissions.  In the Hot Spots program, OEHHA conducts the dose-response 
assessment during the development of cancer potency factors and Reference Exposure 
Levels.  These are used in conjunction with the exposure estimates to estimate cancer 
risk and evaluate hazard from noncancer toxicity of emitted chemicals.  Under the Air 
Toxics Hot Spots (Hot Spots) Act, risk characterizations should present both individual 
and population-wide health risks (Health and Safety Code Section (HSC) 44306).  
Persons preparing HRAs for the Hot Spots Program should consult the local Air 
Pollution Control or Air Quality Management District (District) to determine if the District 
has special guidelines to assist with HRA format or other requirements of the Hot Spots 
Program. 

OEHHA is recommending that a 30-year exposure duration be used as the basis for 
estimating cancer risk at the maximum exposed individual resident (MEIR) in the Hot 
Spots Program. This exposure duration represents the time of residency for 90 to 95% 
of Californians at a single location and should provide adequate public health protection 
against individual risk. We also recommend including the 9 and 70-year cancer risk at 
the MEIR as supplemental information. Note that a 70-year exposure duration is 
required to estimate cancer burden or provide an estimate of population-wide risk. 

This chapter provides guidance on how to evaluate the risk characterization component 
of risk assessments required by the Hot Spots Program. A general summary of the risk 
characterization components includes the following items and information. 

	 The locations of the point of maximum impact (PMI), the MEIR, and the
maximum exposed individual worker (MEIW) are to be identified. The PMI,
MEIW, and MEIR for cancer risk and for noncancer hazard indices (averaging
times for acute 1-hour, repeated 8-hour, and chronic hazard indices) may not be
the same location; all should be identified.
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	 The location of any specified sensitive receptors (e.g., schools, hospitals, 
daycare, or eldercare facilities - contact the District or reviewing authority for 
more information) should be identified 

	 Estimates of population-wide cancer risk and noncancer hazard 

This information must be clearly presented in cross-referenced text, tables, figures, 
and maps.  Chapter 9 provides an outline that specifies the content and 
recommended format of HRA results. The HARP software is the recommended 
model for calculating HRA results for the Hot Spots Program.  Information on 
obtaining the HARP software can be found under the Air Toxics Program on the 
ARB’s web site at www.arb.ca.gov. 

8.1.1 Tiered Approach to Risk Assessment 

The tiered approach for risk assessment that is presented in detail in the TSD (OEHHA, 
2012) and summarized here should be reviewed prior to conducting the health risk 
assessment. The tiered approach to risk assessment and the health impacts evaluation 
described here are included in the HARP software. 

The tiered approach provides a risk assessor with flexibility and allows consideration of 
site-specific differences (Table 8.1).  The four-tiered approach to risk assessment is 
intended to primarily apply to residential cancer risk assessment, both for inhalation and 
noninhalation pathways.  Risk assessors can tailor the level of effort and refinement of 
an HRA by using either the point estimate exposure assumptions as the basis of the 
exposure and risk assessment, or both the point estimate and a stochastic treatment of 
exposure factor distributions. 

Table 8.1 The Tiered Approach to Risk Assessment 

Tier Description When Applied 

Tier 1 
Utilizes OEHHA default point 
estimates of exposure 
variates 

All risk assessments must 
include a Tier 1 assessment 

Tier 2 

Utilizes site-specific point 
estimates for exposure 
variates (justified, and 
approved by OEHHA) 

A Tier 2 approach may be 
presented in addition to Tier 1 

Tier 3 Utilizes OEHHA distributions 
of exposure variates 

A Tier 3 approach may be 
presented in addition to Tier 1 

Tier 4 

Utilizes site-specific 
distributions of exposure 
variates (justified, and 
approved by OEHHA) 

A Tier 4 approach may be 
presented in addition to Tier 1 
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Tier 1 is a standard point estimate approach that uses the recommended exposure 
variate (e.g., breathing or water ingestion rate) point estimates presented in this 
document. Derivations of these values are described in detail in OEHHA (2012). The 
results of the Tier 1 evaluations are required to be presented in the risk characterization 
section for all HRAs prepared for the Hot Spots Program. Thus, persons preparing an 
HRA using Tier 2 through Tier 4 evaluations must also include the risk characterization 
results of a Tier 1 evaluation in the HRA. 

As discussed in OEHHA (2012), if the risk characterization results from a Tier 1 
assessment are above a regulatory level of concern, the risk assessor may want to 
proceed with more site-specific analysis as described in Tier 2, or use a more resource-
intensive stochastic modeling effort described in Tier 3 and Tier 4 (for cancer risk). 
While further evaluation may provide more information to the risk manager on which to 
base decisions, the Tier 1 evaluation is useful in comparing risks among a large number 
of facilities and must be included in all HRAs. 

Tier 2 analysis allows the use of available and justifiable site-specific exposure variates 
(e.g., fish consumption), when presenting the potential health impacts. The site-specific 
information applied in a Tier 2 assessment must be adequately justified and approved 
by OEHHA and the District. In Tier 3, a stochastic approach to exposure assessment is 
taken using the distributions for the exposure pathways presented in the TSD (OEHHA, 
2012) and in Chapter 5 of this Guidance Manual.  The exposure distributions apply only 
to a residential receptor and are used only for the determination of cancer risk.  OEHHA 
has not developed exposure intake distributions for workers to use in the offsite worker 
exposure scenario. Tier 4 is also a stochastic approach for the residential exposure 
scenario but allows for utilization of site-specific exposure variate distributions if they are 
justifiable and more appropriate for the site under evaluation than those derived in 
OEHHA (2012).  Alternative site-specific distributions must be approved by OEHHA and 
the District. For an off-site worker cancer risk evaluation, Tiers 3 and 4 do not apply. 
Tier 3 and Tier 4 analyses show what a distribution of potential cancer risk may be to an 
individual or population based on a distribution of exposure inputs (e.g., water ingestion 
rate) rather than specific point estimates of exposure. 

Table 8.2 summarizes OEHHA’s recommendations for use of the four Tiers in cancer 
and noncancer risk assessment. 

Table 8.2 Tiers for Residential and Offsite Worker Cancer and
 
Noncancer Hot Spots Risk Assessments
 

Tier Cancer Non Cancer 
Chronic and 8-Hour 

Inhalation Noninhalation Inhalation Noninhalation 
Tier-1 X X X X 
Tier-2 X X Xb 

Tier-3 Xa Xa 

Tier-4 Xa Xa 
a Applies to residential exposure scenario only 
b Applies to chronic noncancer exposure only 
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OEHHA has not developed a stochastic approach (Tier 3 or 4) for estimating noncancer 
health impacts using acute, 8-hour, and chronic Reference Exposure Levels (RELs). 
Tier 1 is the only option for determining noncancer health impacts from inhalation 
exposure since calculating the hazard quotient involves dividing the ground level air 
concentrations for the specified exposure duration by the appropriate RELs. However, 
chronic noninhalation noncancer risks involve a calculation of dose from oral or dermal 
pathways to which site-specific evaluations could be considered under a Tier 2 
approach. 

Small foot-print facilities – Tier 2 or Tier 4 

Some facilities subject to the Air Toxics Hot Spots Act (e.g., some in the industry-wide 
categories such as gas stations or dry cleaners) have very small zones of impact. In 
some of these instances, there will be very few receptors within the zone of impact. It 
isn’t possible to develop special recommendations for exposure variates for all possible 
exposure scenarios. Alternative breathing rates (point estimates or distributions) may 
be used as part of Tier 2 or Tier 4 risk assessments with appropriate supporting 
justification in the case of a very small zone of impact. OEHHA is willing to work with 
risk managers at ARB and the Districts on this issue. 

8.2 Risk Characterization for Carcinogens 

Cancer risk is calculated by multiplying the daily inhalation or oral dose (calculated in 
Chapter 5), by a cancer potency factor, the age sensitivity factor, the frequency of time 
spent at home (for residents only), and the exposure duration divided by averaging time, 
to yield the excess cancer risk (see section 8.2.4).  As described below, the excess 
cancer risk is calculated separately for each age grouping and then summed to yield 
cancer risk at the receptor location. A brief description of the age sensitivity factors, 
exposure duration, and frequency of time spent at home are included in Sections 8.2.1 
to 8.2.3 below.  These factors are discussed in detail in OEHHA (2009) and OEHHA 
(2012). 

8.2.1 Adjustment for Early Life Stage Exposures to Carcinogens 

Studies have shown that young animals are more sensitive than adult animals to 
exposure to many carcinogens (OEHHA, 2009).  Therefore, OEHHA developed age 
sensitivity factors (ASFs) to take into account the increased sensitivity to carcinogens 
during early-in-life exposure (Table 8.3).  These factors were developed and described 
in detail in OEHHA (2009).  In the absence of chemical-specific data, OEHHA 
recommends a default ASF of 10 for the third trimester to age 2 years, and an ASF of 3 
for ages 2 through 15 years to account for potential increased sensitivity to carcinogens 
during childhood. 
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Table 8.3 Age Sensitivity Factors by Age Group for Cancer Risk
 
Assessment
 

Age Group Age Sensitivity Factor (unitless) 
3rd Trimester 10 
0<2 years 10 
2<9 years 3 
2<16 years 3 
16<30 years 1 
16-70 years 1 

For specific carcinogens where data indicate enhanced sensitivity during life stages 
other than the immediate postnatal and juvenile periods, or for which data demonstrate 
ASFs different from the default ASFs, the chemical-specific data should be used in 
order to adequately protect public health. 

The risk assessments generated under the Air Toxics Hot Spots Act are reviewed by 
OEHHA.  If a risk assessor had data indicating there are no windows of susceptibility 
early in life or that a different ASF should be used for a specific carcinogen and wanted 
to use these data, OEHHA would review the material as part of the review of the risk 
assessment. 

8.2.2 Fraction of Time Spent at Home for Cancer Risk Assessment 

OEHHA and ARB evaluated information from activity patterns databases to estimate the 
fraction of time at home (FAH) during the day (OEHHA, 2012).  This information can be 
used to adjust exposure duration and cancer risk from a specific facility’s emissions, 
based on the assumption that exposure to the facility’s emissions are not occurring 
away from home.  From the third trimester to age <2 years, 85% of time is spent at 
home (Table 8.4). From age 2 through <16 years, 72% of time is spent at home. From 
age 16 years and greater, 73% of time is spent at home.  Facilities with any school 
within the 1×10-6 (or greater) isopleth should use FAH = 1 for the child age groups (3rd 

Trimester, 0<2 years, and 2<16 years). See Appendix I for an example calculation 
using the FAH. 

Table 8.4 Recommendations for Fraction of Time at Home (FAH) 
for Evaluating Residential Cancer Risk 

Age Range Fraction of Time at Residence 
3rd Trimester, and 0<2 years 0.851 

2<16 years 2 0.721 

16-70 years 3 0.73 
1 Use FAH = 1 if a school is within the 1×10-6 (or greater) cancer risk isopleth 
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2 Also use FAH = 0.72 for 2<9 yr age group. 
3 Also use FAH = 0.73 for 16<30 yr age group. 

The FAH is calculated based on a diary of trips taken over a 24-hour period on the 
survey day.  Ninety-five percent of the diary days were on weekdays.  Participants can 
select “vacation” as one of their trips. However, vacation time represented only a 
fraction (0.68%) of the over 175,000 trips recorded in the survey.  Because much of 
these vacation trips were presumed to be within-day trips and were only a small fraction 
of total trips, there is likely little overlap with the Exposure Frequency (EF) variate used 
in the dose equations in Chapter 5. 

8.2.3	 Exposure Duration for Estimating Cancer Risk to Residents and Off-Site 
Workers 

OEHHA recommends that an exposure duration (residency time) of 30 years be used to 
estimate individual cancer risk for the maximally exposed individual resident (MEIR) 
(Table 8.5).  OEHHA also recommends that the 30-year exposure duration be used as 
the basis for public notification and risk reduction audits and plans. The Districts, 
however, may opt to use the 70 year cancer risk for notification and risk reduction audits 
and plans. 

Note that the 30-year exposure duration starts in the third trimester to accommodate the 
increased susceptibility of exposures in early life (OEHHA, 2009), and would apply to 
both the point estimate and stochastic approaches. 

Table 8.5 Summary of Recommendations for Exposure Duration 
for Individual Cancer Risk at the MEIR and MEIW 

Receptor Recommendation 
Resident (MEIR) 30 years 
Resident (supplemental Information) 9 years for central tendency; 

70 years for maximum (lifetime) 
Worker (MEIW) 25 years 

Exposure durations of 9-years and 70-years are also recommended to be evaluated for 
the MEIR to show the range of cancer risk based on residency periods.  If a facility is 
notifying the public regarding cancer risk, the 9- and 70-year cancer risk estimates are 
useful for people who have resided in their current residence for periods shorter and 
longer than 30 years.  

The 9-, 30-, and 70-year exposures are chosen to coincide with U.S. EPA’s estimates of 
the average (9 years), high-end estimates (30-years) of residence time, and a lifetime 
residency (70 years). These estimates are also consistent with what is known about 
residence time in California. Together, the 9-, 30-, and 70-year cancer risk calculations 
provide a useful presentation of cancer risk and the relationship to duration of residency 
and, thus, exposure to a facility’s emissions. 
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For the maximally exposed individual worker (MEIW), OEHHA recommends using an 
exposure duration of 25 years to estimate individual cancer risk for the off-site worker 
scenario (Table 8.5).  This duration represents approximately the 95th percentile of job 
tenure with the same employer in the U.S. 

8.2.4 Calculating Residential and Offsite Worker Inhalation Cancer Risk 

Residential Receptors 

For residential inhalation exposure, cancer risk must be separately calculated for 
specified age groups (Eq. 8.2.4A, see Section 8.2.1), because of age differences in 
sensitivity to carcinogens and age differences in intake rates (per kg body weight).  
Separate risk estimates for these age groups provide a health-protective estimate of 
cancer risk by accounting for greater susceptibility in early life, including both age-
related sensitivity and amount of exposure. The following equation illustrates the 
formula for calculating residential inhalation cancer risk.  See Appendix I for a detailed 
example calculation. 

A. Equation 8.2.4 A: RISKinh-res = DOSEair × CPF × ASF × ED/AT × FAH 

7. RISK inh-res =	 Residential inhalation cancer risk
8. DOSEair =	 Daily inhalation dose (mg/kg-day) 
9. CPF = Inhalation cancer potency factor (mg/kg-day-1) 
10.ASF = Age sensitivity factor for a specified age group (unitless) 
11.ED = Exposure duration (in years) for a specified age group 
12.AT = Averaging time for lifetime cancer risk (years) 
13.FAH = Fraction of time spent at home (unitless) 

a: Recommended default values for EQ 8.2.4 A: 

5. DOSEair =	 Calculated for each age group from Eq. 5.4.1 
6. CPF =	 Substance-specific (see Table 7.1) 
7. ASF =	 See Section 8.2.1 
8.	 ED = 0.25 years for 3rd trimester, 2 years for 0<2, 7 years for 

2<9, 14 years for 2<16, 14 years for 16<30, 54 years for 
16-70 

9. AT = 70 years*
 
10.FAH = See Table 8.4
 

*Although AT actually sums to 70.25 years when the 3rd trimester (0.25 years) is
included, OEHHA recommends rounding AT = 70 years (and rounding residential 
exposure durations at 9- and 30-years rather than 9.25- and 30.25-years) to simplify 
the calculation without causing a significant adjustment. Note that the dose for the 
3rd trimester is based on the breathing rate of pregnant women using the 
assumption that the dose to the fetus during the 3rd trimester is the same as that to 
the mother. 
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Cancer risks calculated above for individual age groups are summed to estimate cancer 
risk for 9-, 30- and 70-year exposures as shown below.  Note that this example includes 
the Fraction of Time Spent at Home (FAH) for each age grouping. 

Calculation of Inhalation Cancer Risk from the Third Trimester to Age Nine: 

RISK inh-res = (DOSEair third trimester × CPF × 10 × 0.25/70 years × FAH3rd tri <2) 
+ (DOSEair age 0<2 × CPF × 10 × 2/70 × FAH3rd tri <2 ) + (DOSEair age 2<9 × 
CPF × 3 × 7/70 years × FAH2<9) 

Calculation of Inhalation Cancer Risk from Third Trimester to Age 30: 

RISK inh-res = (DOSEair third trimester × CPF × 10 × 0.25/70 years × FAH3rd tri <2) 
+ (DOSEair age 0<2 × CPF × 10 × 2/70 × FAH3rd tri <2) + (DOSEair age 2<16 × 
CPF × 3 × 14/70 × FAH2<16 ) + (DOSEair age 16<30 × CPF × 1 × 14/70 years × 
FAH16-30) 

Calculation of Inhalation Cancer Risk from Third Trimester to Age 70: 

RISK inh-res = (DOSEair third trimester × CPF × 10 ×0.25/70 years× FAH3rd tri <2) 
+ (DOSEair age 0<2 × CPF × 10 × 2/70 × FAH3rd tri <2 ) + (DOSEair age 2<16 × 
CPF × 3 × 14/70 × FAH2<16 ) + (DOSEair age 16<70 × CPF × 1 × 54/70 years × 
FAH16-70) 

Expressing cancer risk in “chances per million” is useful as a risk communication tool for 
the public, but cancer risk can also be expressed in other ways, such as “chances per 

5 7100,000” (cancer risk × 10 ) or “chances per 10 million” (cancer risk × 10 ).  To convert 
the resulting cancer risk estimate to chances of developing cancer per million 

6individuals exposed, multiply the cancer risk by 10 : 

6Cancer risk × 10 = chances per million 

For exposure to multiple carcinogenic substances, Table 8.7 and Table I.5 in Appendix I 
are examples of how cancer risks of individual substances are summed to determine 
the total cancer risk. 

Worker Receptors 

For assessment of off-site worker cancer risk at the MEIW, the default assumes working 
age begins at 16 years.  Note that the residential FAH factor in Eq. 8.2.4.A above does 
not apply for workers.  The daily inhalation dose (DOSEair) (as calculated in Chapter 5, 
EQ 5.4.1.2) is based on the adjusted 8-hour concentration at the MEIW (for non-
continuous sources) and amount of time the offsite worker’s schedule overlaps with the 
facility’s emission schedule.  The duration of exposure at the MEIW receptor is 25 
years, as discussed in the TSD (OEHHA, 2012). 
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B. Equation 8.2.4 B: RISKinh-work = DOSEair × CPF × ASF × ED/AT 

1. RISK inh-work = Worker inhalation cancer risk 

a: Recommended default values for EQ 8.2.4 B: 

1. DOSEair = Calculated for workers in Eq. 5.4.1.2 
2. CPF = Substance specific (see Table 7.1) 
3. ASF = 1 for working age 16-70 yrs (See Section 8.2.1) 
4. ED = 25 years 
5. AT = 70 yrs for lifetime cancer risk 

Work Locations with Daycare Facilities: 

An additional risk management consideration for offsite worker cancer risk assessment 
of a Hot Spots facility is whether there are women of child bearing age at the MEIW 
location and whether the MEIW has a daycare center.  In the case of women of child-
bearing age at the MEIW, the Districts may wish to treat the off-site MEIW in the same 
way as the residential scenario to account for the higher susceptibility during the third 
trimester of pregnancy (i.e., use of an ASF=10 for third trimester exposure). If there is 
onsite daycare at the MEIW, then the risks to the children will be underestimated using 
the offsite adult worker scenario. In this case, the Districts may wish to include a cancer 
risk assessment for the children in the onsite daycare, assuming they could be there 
from 0 to age 6 years (ED = 6 years) and using the appropriate exposure factors to 
calculate DOSEair, fraction of time at worksite (e.g., hrs at daycare per 24 hrs), and 
ASFs in EQ 8.2.4 B to account for the higher susceptibility of infants and children to 
carcinogens. 

Children at a MEIW daycare may also be assessed for noninhalation exposures. 
Typically, soil ingestion and dermal exposure will be the most common noninhalation 
pathways.  However, all pathways that are present at the daycare should be included. 
See section 8.2.6 for more discussion of multipathway risk assessment methods. 

8.2.5 Calculation of Noninhalation Cancer Risk 

A small subset of Hot Spots substances is subject to deposition onto the soil, plants, 
and water bodies (see Table 5.1).  These substances need to be evaluated by the 
appropriate noninhalation pathways, as well as by the inhalation pathway, and the risk 
characterization results must be presented in all HRAs. These substances include 
semi-volatile organic chemicals and heavy metals.  

For all multipathway substances, the exposure pathways that must be evaluated at 
every residential and worker site (in addition to inhalation) are soil ingestion and dermal 
exposure.  If PAHs (and creosotes), lead, dioxins, furans, or PCBs are emitted, then the 
breast-milk consumption pathway becomes mandatory for residential receptors. 
OEHHA has developed transfer coefficients for these chemicals from the mother to 
breast milk (see OEHHA, 2012 for details). The other exposure pathways (e.g., 
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ingestion of homegrown produce or fish) are only evaluated for residential receptors if 
the facility impacts that exposure medium and the receptor under evaluation can be 
exposed to that medium or pathway.  For example, if the facility does not impact a 
fishable body of water within the isopleth of the facility, or the impacted water body does 
not sustain fish that are consumed by fishers, then the fish pathway will not be 
considered for that facility or receptor.  

Table 8.6 identifies the residential receptor exposure pathways that are mandatory and 
those that are dependent on the available routes of exposure. Table 8.6 also identifies 
the three exposure pathways that are relevant for a worker receptor. The cancer risk 
estimates should be presented in the risk characterization section of the risk 
assessment for all the appropriate pathways. 

Table 8.6 Mandatory and Site/Route Dependent
 
Exposure Pathways
 

Mandatory Exposure Pathways Site/Route Dependent Exposure 
Pathways 

 Inhalationw

 Soil Ingestionw

 Dermal Exposure to Contaminated
Soilw

 Breast Milk  Consumption *

 Homegrown Produce Ingestion
 Angler-Caught Fish Ingestion
 Drinking Water Ingestion
 Home-Raised Animal Product Ingestion

(Dairy (Cow’s) Milk, Meat (Beef, Pork,
Chicken) and Egg).

(w) Identifies the appropriate exposure pathways that should be evaluated for a worker.  	These 
pathways are inhalation, dermal exposure, and the soil ingestion pathway. 

(*) If PAHs (including creosotes), lead, dioxins, furans, or PCBs are emitted, then the breast-milk 
consumption pathway becomes mandatory. 

The noninhalation residential cancer risk is calculated using the same steps as 
inhalation cancer risk described in Section 8.2.4. A dose (see Chapters 4 and 5) from 
the pathway under evaluation (e.g., soil ingestion) is multiplied by the substance-
specific oral slope factor, expressed in units of inverse dose (i.e., (mg/kg/day)-1) 
(Table 7.1), the appropriate age sensitivity factor (ASF), and exposure duration divided 
by averaging time to yield the cancer risk for a specified age grouping.  Cancer risk for 
each age group is summed as appropriate for the exposure duration. The FAH factor is 
relevant only to the inhalation pathway and is not appropriate to use in the noninhalation 
pathways. 

Equation 8.2.5 illustrates the formula for calculating noninhalation cancer risk.  Details 
(data, algorithms, and guidance) for each exposure pathway are presented in Chapter 5 
and in OEHHA (2012). 
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A. Equation 8.2.5: RISKnoninh = DOSEnoninh × CPForal × ASF × ED/AT 

1. RISKnoninh =	 Noninhalation pathway cancer risk 
2.	 DOSEnoninh = Daily dose (mg/kg-day) for a specified non-inhalation 

pathway for each age group 
3. CPForal =	 Oral cancer potency (slope) factor (mg/kg-day-1) 
4. ASF =	 Age sensitivity factor for a specified age group (unitless) 
5. ED =	 Exposure duration (in years) for a specified age group 
6. AT =	 Averaging time for lifetime cancer risk 

a: Recommended default values for EQ 8.2.5: 

1.	 DOSEnoninh = Calculated in Chapter 5 dose algorithms for each age 
group and for each noninhalation route in Table 8.6 the 
receptor is exposed to 

2. CPForal =	 Substance-specific (see Table 7.1) 
3. ASF =	 See Section 8.2.1 
4.	 ED = Residents: 0.25 years for 3rd trimester, 2 years for 0<2, 

7 years for 2<9, 14 years for 2<16, 14 years for 16<30, 
54 years for 16-70 

= Offsite worker: 25 yrs 
5. AT =	 70 years 

Estimating cancer risk for 9-, 30- and 70-years by summing the individual age-group 
cancer risks is the same as that shown for the inhalation route in Section 8.2.4. The 
exception is that the FAH variate is only appropriate for the residential inhalation 
pathway and is not a factor for oral and dermal exposure pathways. 

Calculation of Noninhalation Cancer Risk from Third Trimester to Age 30: 

RISKnoninh-res = (DOSEnoninh third trimester × CPF × 10 × 0.25/70 years) + 
(DOSEnoninh age 0<2 × CPF × 10 × 2/70) + (DOSEnoninh age 2<16 × CPF × 3 × 14/70) 
+ (DOSEnoninh age 16<30 × CPF × 1 × 14/70 years) 

To convert this estimated probability of risk to chances per million of developing cancer, 
6multiply the estimated cancer risk for each noninhalation exposure route by 10 . This 

result is useful communication tool to compare risks for each pathway of exposure. 

6Cancer risk x 10 = cancer risk expressed as chances per million 

For assessment of the offsite worker the typical noninhalation pathways that apply for 
worker cancer risk are the dermal exposure pathway and the soil ingestion pathway. 

Children at a MEIW daycare may also be assessed for noninhalation exposures. 
Typically, soil ingestion and dermal exposure will be the most common noninhalation 
pathways.  However, all pathways that are present at the daycare should be included. 
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8.2.6 Multipathway Cancer Risk Methodology 

Under a Tier 1 assessment, it is necessary to calculate the total cancer risk from both 
inhalation and noninhalation exposures if multipathway substances are emitted from the 
facility.  The calculation of cancer risk that includes exposure to a multipathway 
substance or substances has three steps: 

1) Calculate cancer risk for the inhalation pathway (EQ 8.2.4 A for residents, 
EQ 8.2.4 B for off-site workers) for all substances, and the noninhalation 
pathways that apply (EQ 8.2.5) for all multipathway substances, using high-end 
point estimates of intake rates. 

2) For each multipathway substance, identify the two exposure pathways with the 
highest risk. These are the dominant pathways that are to be assessed using 
high-end point estimates of intake rates for the total cancer risk.  For all other 
pathways, the average point estimate of intake rates may be used to calculate 
the pathway cancer risk (See OEHHA (2012) for more information). 

3) To calculate total cancer risk, all inhalation and noninhalation pathways are 
summed together for all substances. 

The final cancer risk calculation using a combination of high-end and average exposure 
parameters is referred to as the derived risk in the HARP software. This is described in 
Chapter 1, Section 1.4.1 of OEHHA (2012). The inhalation route is almost always one of 
the two dominant pathways in a multipathway cancer risk assessment. Therefore, in 
most cases only one noninhalation pathway would be calculated using a high-end dose 
point estimate.  For all other pathways, the average point estimate may be used to 
calculate the pathway cancer risk. 

For example, if dermal exposure and soil ingestion risks are calculated, then the cancer 
risks from these pathways would be summed along with the inhalation cancer risks to 
give the total cancer risk for the single multipathway substance: 

Cancer Risk (inhalation) + Cancer Risk (dermal) + Cancer Risk (soil) = Total Risk 

The mother’s milk pathway also becomes a mandatory pathway to assess risk in 
nursing infants if the mother is exposed to specific substances (see Table 5.1). 

Many facilities will emit multiple carcinogenic substances. If multiple substances are 
emitted, the substance-specific cancer risks for all exposure pathways are summed to 
give the (total) multipathway cancer risk at the receptor location. The HARP software 
will display not only the multipathway risk for each carcinogenic substance, but also 
show a breakdown of the cancer risk from each exposure pathway.  Table 8.7 shows 
the results of a multipathway risk assessment for a hypothetical facility. While not 
presented in the following table, it is critical to identify the driving exposure pathways 
and the driving substances in a multipathway cancer risk assessment when 
summarizing and presenting the HRA results.  See Chapter 9 for more information. 
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Table 8.7 Multipathway Assessment of a Hypothetical Facility 30-
Year Cancer Risk
 

Substance Cancer Riska Cancer riskb

(chances per million) 
Arsenic 1.1 × 10 -5 (i) 

3 × 10 -7 (ni) 
11 (i) 

0.3 (ni) 
Benzene 2.92 × 10 -4 (i) 292 (i) 
2,3,7,8-TCDD (dioxin) 1.06 × 10 -4 (i) 

5.7 × 10 -5 (ni) 
106 (i) 
57 (ni) 

1,3-Butadiene 6.0 × 10 -6 (i) 6 (i) 
Total Facility Cancer Risk 4.723 x 10 -4 472 

a As calculated in EQ 8.2.4 A or EQ 8.2.5 
b Calculated as: cancer risk × 106 = chances per million
i = inhalation pathway contribution 
ni = noninhalation pathway contribution 

Cancer risk in Table 8.7 for the multipathway substances, arsenic and 2,3,7,8-TCDD, is 
arranged by the inhalation pathway risk and the sum of all noninhalation pathway risks. 
The total facility multipathway cancer risk is the sum of all inhalation and noninhalation 
pathways. 

Cancer risks from different substances are treated additively in risk assessment 
generally, and in the Hot Spots Program in part because many carcinogens act through 
the common mechanism of DNA damage. The additive assumption is reasonable from 
a public health point of view.  Other possible interactions of multiple carcinogens include 
synergism (effects are greater than additive) or antagonism (effects are less than 
additive).  The type of interaction is both chemical and dose dependent and in most 
cases the data are not available to adequately characterize these interactions. 

8.2.7 Multipathway Cancer Risk for Infant Exposure to Mother’s Milk 

The mother’ milk pathway becomes mandatory if the nursing mother is exposed to one 
or more of the following multipathway substances: dioxins and furans, PCBs, PAHs 
including creosotes, and lead. The default assumption inherent in the intake rate is that 
the infant’s only source of food is breast for the first year (e.g., is fully breastfed, see 
OEHHA, 2012, for details), which is one-half of the 0<2 year age group used in the Hot 
Spots program. Thus, the cancer risk by the mother’s milk pathway will need to be 
calculated with a modified cancer risk equation using a different exposure duration: 
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A. Equation 8.2.7: RISKmm = Dose-Im × CPForal × ASF × ED/AT 

1. RISKmm = Infant cancer risk via mother’s milk pathway 
2. Dose-Im = Daily dose (mg/kg-day) to infant from mother’s milk 
3. CPForal = Oral cancer slope factor (mg/kg-day-1) 
4. ASF = Age sensitivity factor for infant (unitless) 
5. ED = Exposure duration (in years) for infant 
6. AT = Averaging time for lifetime cancer risk 

a: Recommended default values for EQ 8.2.7: 

6.	 Dose-Im = Calculated from EQ 5.4.3.5.2, dose to infant via mother’s 
milk 

7. CPForal =	 Substance-specific (see Table 7.1) 
8. ASF =	 10 (See Section 8.2.1) 
9. ED = 1 yr (1st yr of 0<2 yr age group)
 
10.AT = 70 years
 

Once the cancer risk is determined for the mother’s milk pathway for each applicable 
substance, the pathway risk is summed with other pathway risks. 

For Tier 1, the derived approach for cancer risk assessment should be used if the 
mother’s milk pathway applies. As outlined in Section 8.2.6, the two dominant pathways 
will be calculated using high-end point estimates of intake rates; all additional pathways 
may be calculated using average point estimates of intake rates. There will be four 
mandatory pathways to assess (inhalation, mother’s milk, soil ingestion and dermal 
exposure) for cancer risk when exposure to dioxins/furans, PCBs, PAHs including 
creosotes, and/or lead occurs.  Therefore, if the infant is exposed to no other additional 
site-specific noninhalation pathway(s), only the two dominant pathways among the four 
will be assessed for cancer risk using high-end point estimates of intake rates; and the 
others would be assessed using the average point estimate of intake rate. 

In short, multipathway cancer risk for a substance is estimated by summing the potential 
inhalation and noninhalation cancer risks for the receptor location of interest.  See the 
discussion of Tier 1 in Section 8.2.6 or the TSD for more information on the method 
used to determine the multipathway cancer risk.  

8.2.8 Cancer Risk Characterization for Stochastic Risk Assessment 

Risk characterization for a stochastic risk assessment is similar to that described for the 
point-estimate approach.  However, the stochastic risk assessment produces a 
distribution of risk that accounts for some of the natural variability in exposure-related 
factors, such as breathing rates or water intake. The cancer risk distribution for 
inhalation cancer risk, for example, is generated by multiplying randomly selected 
values from the breathing rate distribution by the ground level air concentration, and the 
cancer potency factor.  A variation of the Monte Carlo method called Latin hypercube 
sampling is the method by which the values from the breathing rate distribution are 
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selected.  If noninhalation pathways need to be evaluated, the same process is followed 
for each pathway and the risk is summed to give an overall inhalation and noninhalation 
cancer risk distribution. Further, the specification of Age Sensitivity Factors and the 
need to separately calculate risks require that a Monte Carlo sampling be conducted for 
each age group and the cancer risk distributions are then summed across age groups. 

The HARP software will perform an HRA using a Monte Carlo analysis with either 
OEHHA-provided or user-provided data distributions and will include the statistics for 
the distributions.  In risk assessments that have chosen to use the distribution of 
exposure variates, the cancer risk distribution for a 30-year residential exposure 
duration (MEIR) should be presented in the risk characterization section We also 
recommend including the 9 and 70-year cancer risk at the MEIR as supplemental 
information. Note that a 70-year exposure duration is required to estimate cancer 
burden or provide an estimate of population-wide risk. A stochastic approach has not 
been developed for acute, 8-hour, and chronic noncancer health impacts or worker 
(MEIW) exposures. 

8.2.9 Use of Individual Cancer Risk and Population-wide Cancer Risk 

Cancer risk for an individual receptor and a representation of population-wide cancer 
risk are both important components of a risk assessment. The individual receptor 
approach reflects the exposures that may occur to an individual receptor over a period 
of time at a specific location. The individual cancer risk approach has some inherent 
limitations in terms of illustrating and potentially protecting population-based public 
health. For example, a facility with a small emissions footprint may impact a few 
individuals with a high individual potential cancer risk; whereas, a facility with a larger 
emission footprint may have a lower potential cancer risk for an individual receptor but 
expose many more people to those levels. Since this larger emitting facility can impact 
many more people, the population-wide health impacts are magnified due to the larger 
number of people exposed to the facility’s emissions. This potential for higher 
population impacts is not captured by the individual receptor risk methodology. 
Therefore, the individual and population-wide heath impacts should be presented for all 
facilities to provide a more complete illustration of the facility’s health impacts. 

8.2.9.1 Population Risk 

For facilities with large emission footprints (e.g., refineries, ports, or rail yards, etc.), 
population-based health impacts are critical to provide a better illustration of the 
potential impacts of emissions since large numbers of people may be exposed to the 
emissions. The individual cancer risk approach has some inherent limitations in terms 
of protecting public health. A small facility with a single stack can impact a few 
individuals with an individual cancer risk that is unacceptable, whereas a large facility 
may have an individual cancer risk that is below the acceptable limit for individual risk 
but exposes many more people. Thus, the population-wide impacts are larger for the 
large facility.  Population-wide risk is independent of individual risk, and assumes that a 
population (not necessarily the same individuals) will live in the impacted zone over a 
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70-year period. Thus, a 70-year exposure duration is required for estimates of 
population-wide risks. 

To evaluate population risk, one method that regulatory agencies have used is the 
cancer burden method to account for the number of excess cancer cases that could 
occur in a population. 

Cancer Burden 

The cancer burden can be calculated by multiplying the cancer risk at a census block 
centroid by the number of people who live in the census block, and adding up the 
estimated number of potential cancer cases across the zone of impact.  The result of 
this calculation is a single number that is intended to estimate of the number of potential 
cancer cases within the population that was exposed to the emissions for a lifetime (70 
years). 

The cancer burden is calculated on the basis of lifetime (70-year) risks (whereas 
individual cancer risk at the MEIR is based on 30-year residential exposure). Cancer 
burden is independent of how many people move in or out of the vicinity of an individual 
facility. For example, if 10,000 people are exposed to a carcinogen at a concentration 
with a 1×10-5 cancer risk for a lifetime the cancer burden is 0.1, and if 100,000 people 
are exposed to a 1 × 10-5 risk the cancer burden is 1. 

Estimate of Population Wide Risk 

An estimate of the number of people exposed at various cancer risk levels can provide 
perspective on the magnitude of the potential public health threat posed by a facility. 
This approach is intended as a replacement for or addition to the cancer burden 
calculation used by some Districts in the past. The new approach provides a much 
easier way for the general public to interpret results when compared to cancer burden 
estimates. A facility in a sparsely populated area can have a public health impact 
different from the same facility in a highly populated area; however, under the cancer 
burden method, those differences may not be seen. Some suggested approaches and 
methods for performance of a screening or refined population exposure analyses are 
provided in Section 4.6. 

The District or reviewing authority should be consulted before beginning the population 
exposure estimates and, as results are generated, further consultation may be 
necessary. Note that a 70-year exposure duration is required to estimate cancer 
burden or provide an estimate of population-wide risk. 

The zone of impact for estimating the number of persons exposed to a cancer risk from 
facility emissions should be set at a minimum of a 10-6 cancer risk level (see Section 
4.6.1). Some Districts may prefer to use a cancer risk of 10-7 to define the carcinogenic 
zone of impact. The total number of persons exposed to a series of potential risk levels 
can be presented to aid risk managers in understanding the magnitude of the potential 
public health impacts. 
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The HARP software can provide population-level risk estimates as cancer burden or as 
the number of persons exposed to a selected (user-identified) cancer risk level at block 
level centroids. 

8.2.9.2 Population Estimates for Noncancer Health Impacts 

A noncancer chronic, 8-hour, and acute population estimate of the number of people 
exposed to acute, 8-hour, and chronic HQs or HIs exceeding 0.5 or 1.0, in increments of 
1.0, should also be presented.  For example, a facility with a maximum chronic HI of 4.0 
would present the number of people exposed to a chronic HI of 0.5, 1.0, 2.0, 3.0, and 
4.0. The isopleths used in this determination should be drawn using the smallest 
feasible grid size.  The same methods that are described in Chapter 4 and Section 8.2.9 
(for the population exposure estimate for cancer risk) should be used in the chronic, 
8-hour and acute population estimates. Population estimates for acute, 8-hour, and 
chronic health impacts should be presented separately. 

8.2.9.3 Factors That Can Impact Population Risk – Cumulative Impacts 

Although the Hot Spots program is designed to address the impacts of single facilities 
and not aggregate or cumulative impacts, there are a number of known factors that 
influence the susceptibility of the exposed population and thus may influence population 
risk.  Socioeconomic status influences access to health care, nutrition, and outcome 
after cancer diagnosis. Community unemployment can affect exposure and residency 
time near a facility.  Factors that affect the vulnerability of the population are discussed 
in the report Cumulative Impacts: Building a Scientific Foundation (OEHHA, 2010).  
Information on many of these factors is relatively easy to obtain at the census tract 
level.  The OEHHA recommends that these types of factors be considered by the risk 
manager, along with the quantitative measures of population risk.  OEHHA is in the 
process of developing guidance on quantification of the impact of these factors.  

8.2.10 Cancer Risk Evaluation of Short Term Projects 

The local air pollution control districts sometimes use the risk assessment guidelines for 
the Hot Spots program in permitting decisions for short-term projects such as 
construction or waste site remediation. Frequently, the issue of how to address cancer 
risks from short-term projects arises. 

Cancer potency factors are based on animal lifetime studies or worker studies where 
there is long-term exposure to the carcinogenic agent. There is considerable 
uncertainty in trying to evaluate the cancer risk from projects that will only last a small 
fraction of a lifetime.  There are some studies indicating that dose rate changes the 
potency of a given dose of a carcinogenic chemical.  In others words, a dose delivered 
over a short time period may have a different potency than the same dose delivered 
over a lifetime. 
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The OEHHA’s evaluation of the impact of early-in-life exposure has reduced some of 
the uncertainty in evaluating the cancer risk to the general population for shorter-term 
exposures, as it helps account for susceptibility to carcinogens by age at exposure 
(OEHHA, 2009). 

Due to the uncertainty in assessing cancer risk from very short-term exposures, we do 
not recommend assessing cancer risk for projects lasting less than two months at the 
MEIR.  We recommend that exposure from projects longer than 2 months but less than 
6 months be assumed to last 6 months (e.g., a 2-month project would be evaluated as if 
it lasted 6 months). Exposure from projects lasting more than 6 months should be 
evaluated for the duration of the project. In all cases, for assessing risk to residential 
receptors, the exposure should be assumed to start in the third trimester to allow for the 
use of the ASFs (OEHHA, 2009).  Thus, for example, if the District is evaluating a 
proposed 5-year mitigation project at a hazardous waste site, the cancer risks for the 
residents would be calculated based on exposures starting in the third trimester through 
the first five years of life. 

For the MEIW, we recommend using the same minimum exposure requirements used 
for the residential receptor (i.e., no evaluation for projects less than 2 months; projects 
longer than 2 months but less than 6 months are assumed to last 6 months; projects 
longer than 6 months would be evaluated for the duration of the project). Although the 
off-site worker scenario assumes that the workers are 16 years of age or older with an 
Age-Sensitivity Factor of 1, another risk management consideration for short-term 
project cancer assessment is whether there are women of child bearing age at the 
worksite and whether the MEIW receptor has a daycare center.  In this case, the 
Districts may wish to treat the off-site MEIW in the same way as the residential scenario 
to account for the higher susceptibility during the third trimester of pregnancy, and for 
higher susceptibility of infants and children. 

Finally, the risk manager may want to consider a lower cancer risk threshold for risk 
management for very short-term projects. Typical District guidelines for evaluating risk 
management of Hot Spots facilities range around a cancer risk of 1 per 100,000 
exposed persons as a trigger for risk management. Permitting thresholds also vary for 
each District. There is valid scientific concern that the rate of exposure may influence 
the risk – in other words, a higher exposure to a carcinogen over a short period of time 
may be a greater risk than the same total exposure spread over a much longer time 
period.  In addition, it is inappropriate from a public health perspective to allow a lifetime 
acceptable risk to accrue in a short period of time (e.g., a very high exposure to a 
carcinogen over a short period of time resulting in a 1 ×10-5 cancer risk).  Thus, 
consideration should be given for very short term projects to using a lower cancer risk 
trigger for permitting decisions. 
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8.3	 Noncancer Acute, 8-Hour, and Chronic Inhalation Health Impacts – the 
Hazard Index Approach 

All substances in the Hot Spots Program that have noncancer health impacts at a 
receptor must be evaluated through the inhalation pathway.  Estimates of noncancer 
inhalation health impacts are determined by dividing an airborne concentration at the 
receptor by the appropriate Reference Exposure Level (REL).  This is termed the 
Hazard Index Approach.  A REL is used as an indicator of potential noncancer health 
impacts and is defined as the concentration at which no adverse noncancer health 
effects are anticipated. When a health impact calculation is performed for a single 
substance, then it is called the hazard quotient (HQ).  Each REL for a substance will 
have one or more target organ systems (e.g., respiratory system, nervous system, etc.) 
where the substance can have a noncancer health impact. Thus, all HQs have 
specified target organ systems associated with them. The sum of the Hazard Quotients 
of all chemicals emitted that impact the same target organ is termed the Hazard Index. 
Inhalation RELs for noncancer health impacts have been developed for acute, 8-hour, 
and chronic exposures to a number of Hot Spots substances.  Acute RELs are designed 
to protect against the maximum 1-hour ground level concentration at the receptor. 
Eight-hour RELs are designed to protect people with daily 8-hour schedules, such as 
offsite workers, in an impacted zone. The 8-hour RELs should be used for typical daily 
work shifts of 8-9 hours.  For further questions, assessors should contact OEHHA, the 
District, or reviewing authority to determine if the 8-hour RELs should be used in your 
HRA.  Any discussions or directions to exclude the 8-hour REL evaluation should be 
documented in the HRA. Chronic RELs protect against long-term exposure to the 
annual average air concentration spread over 24 hours/day, 7 days/week. 

OEHHA has added 8-hour RELs to the set of noncancer RELs that were previously 
comprised of acute and chronic RELs (OEHHA, 2008).  Specifically, 8-hour RELs are 
air concentrations at or below which health impacts would not be expected even for 
sensitive subpopulations in the general population with repeated daily 8-hour exposures 
over a significant fraction of a lifetime. The 8-hour RELs can be used to evaluate the 
potential for health impacts (including effects of repeated exposures) in offsite workers, 
and to children and teachers exposed during school hours.  Although not required in the 
HRA, they could also be applied by the Districts to a residential scenario where a facility 
operates only a portion of the day and exposure to residences is not adequately 
reflected by averaging concentrations over a 24 hour day.  The number of chemicals 
with 8-hour RELs will increase as OEHHA re-evaluates RELs for chemicals under 
SB-25 to ensure that they are protective of children’s health. 

Acute, 8-hour, and chronic RELs are needed because the dose metrics and even the 
health impact endpoints may be different with the different exposure durations of acute, 
daily 8-hour, and chronic exposures. Also, although chronic REL values are lower or 
set the same as 8-hour RELs, there are some cases such as special meteorological 
situations (e.g., significant diurnal-nocturnal meteorological differences) or intermittent 
exposures where the 8-hour REL may be more protective than the chronic REL. 
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Chapter 4 describes air dispersion modeling and both Chapter 6 and Appendix L list the 
needed dose-response information to evaluate non-cancer hazards.  Appendix I 
presents sample calculations for determining acute HQs and HIs, 8-hour HQs and HIs, 
and chronic multipathway HQs and HIs. Chapter 9 provides an outline of information 
required for risk characterization. The HARP software will calculate the HQ and HI for 
Hot Spots risk assessments. 

8.3.1 Calculation of Noncancer Inhalation Hazard Quotient and Hazard Index 

To calculate the acute HQ, the maximum 1-hour ground level concentration (in g/m3) 
of a substance at a receptor is divided by the acute 1-hour REL (in g/m3) for the 
substance: 

1-Hour Max Concentration (μg/m3)Acute Hazard Quotient = 
Acute REL (μg/m3) 

To calculate the chronic HQ, the annual average ground level concentration of a 
substance is divided by the chronic REL for the substance: 

Annual Average Concentration (μg/m3)Chronic Hazard Quotient = 
Chronic REL (μg/m3) 

To calculate the 8-hour HQ, the adjusted annual average ground level concentration of 
a substance (represented as “Adjusted Cair” in EQ 5.4.1.4 A) is divided by the 8-hour 
REL for the substance: 

Adjusted Annual Average Concentration (μg/m3)8-hour Hazard Quotient =
 
8-hour REL (μg/m3)
 

The daily 8-hour average ground level concentrations used for calculating the 8-hour 
HQs are derived as described in Chapter 4. 

An HQ of 1.0 or less indicates that adverse health effects are not expected to result 
from exposure to emissions of that substance.  As the HQ increases above one, the 
probability of human health effects increases by an undefined amount. However, it 
should be noted that a HQ above one is not necessarily indicative of health impacts due 
to the application of uncertainty factors in deriving the RELs. 

If a receptor is exposed to multiple substances that target the same organ system, then 
the HQs for the individual substances are summed to obtain a Hazard Index (HI) for that 
target organ. 

Table 8.8 is an example of an HRA spreadsheet showing acute inhalation HQs 
arranged by target organ system for several substances. The bottom row shows the 
summed HQs by target organ system to derive the HIs. 
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Table 8.8 Individual Hazard Quotients and Total Hazard Index for
 
Acute Inhalation Exposure
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Ammonia 0.6 0.6 
Arsenic 0.2 0.2 0.2 
Benzene 0.02 
Chlorine 0.7 0.7 
Total Hazard 
Index 0.22 0.2 0.2 1.3 1.3 

A more detailed example of calculating HQs and HIs and of determining noncancer 
health impacts is shown in Appendix I. 

Hazard quotients or HIs for different target organs are not summed together (e.g., do 
not add the impacts for the eye to the cardiovascular system).  Chapter 6 and 
Appendix L have lists of the organ systems affected by each substance.  Unlike the 
cancer risk algorithms, no exposure duration adjustment (e.g., 9 yrs / 70 yrs) should be 
made for noncancer assessments. 

There are limitations to this method of assessing cumulative noncancer health impacts. 
The impact on organ systems may not be additive if health effects occur by different 
mechanisms.  However, the impact on organ systems could also be synergistic.  An 
analysis by a trained health professional familiar with the substance’s toxicological 
literature is usually needed to determine the public health significance of an HQ or HI 
above one.  It is recommended that the Air District contact OEHHA if this situation 
presents itself.  For assessing the noncancer health impacts of lead, different 
procedures are used; please see Appendix F. 

8.3.2	 Calculating Noninhalation (oral) Noncancer Hazard Quotient and Hazard 
Index 

Similar to the situation with multipathway carcinogenic substances, multipathway 
substances that present a noncancer hazard are assessed by noninhalation routes of 
exposure (see Table 8.6).  Noninhalation routes of exposure are assessed only for 
chronic exposure. There are no oral acute RELs since it is generally anticipated that 
health effects from a single exposure via the oral route at typical environmental levels 
resulting from deposition of facility emissions would be insignificant relative to the 
inhalation route. The multipathway substances with noninhalation RELs, called chronic 
oral RELs, are shown in Table 6.4. Similar to inhalation exposure, the hazard quotient 
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for a noninhalation pathway is obtained by dividing the dose in milligrams per kilogram-
day (mg/kg-day) by the oral REL also expressed in units of mg/kg-day: 

Chronic Non-inhalation HQ = Chronic Noninhalation Dose (mg/kg-day) 
Chronic Oral REL (mg/kg-day) 

The calculated chronic oral HQs are combined with the chronic inhalation HQs for 
determining the chronic HIs for each affected target organ (see Section 8.3.4). The 
point estimates and algorithms for calculating the oral dose for all applicable exposure 
pathways and receptors (e.g., workers or residents) are explained in Chapter 5. 

The chronic oral dose calculated in mg/kg-day is based on a time-weighted average 70-
year residential exposure combining the 0<2, 2<16 and 16-70 year age groups.  Unlike 
the assessment of cancer risk, no exposure duration adjustment should be made when 
estimating HQs. In other words, the variates ED and AT in the cancer risk EQ 8.2.5 in 
Section 8.2.5 are not used for estimating the noncancer HQs. See Appendix I for an 
example calculation. 

8.3.3 Multipathway Noncancer Risk Methodology 

To determine multipathway chronic noncancer health impacts, it is necessary to 
calculate the total hazard index from both inhalation and noninhalation exposures. The 
calculation of HIs has several steps: 

1)	 First, the inhalation HQ is calculated for each substance emitted (Section 8.3.1).   
2)	 Second, if the substance has an oral REL, then the non-inhalation HQ is 

calculated as shown above using high-end point-estimates for intake rates for 
each noninhalation pathway that applies. 

3)	 Third, if there are more than two noninhalation pathways to consider for a 
multipathway substance, then the oral HQ is calculated using high-end point 
estimates in the dose equation for the two dominant pathways.  For any 
additional noninhalation pathways, the HQs are calculated using average point 
estimates in the dose equation. This step applies only to residential receptors. 

4)	 Fourth, all noninhalation pathway HQs for a multipathway substance are then 
summed together by target organ to obtain the total noninhalation HQ for a 
multipathway substance. 

5)	 The final step is to sum the inhalation and noninhalation HQs together by target 
organ to determine the HIs. This step is displayed in Table 8.9. If there is only 
one substance, then the multipathway HQ is the same as the HI. 
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Table 8.9 Substance-Specific Chronic Inhalation and Noninhalation
 
Hazard Quotients and the Hazard Index by Target Organ System
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Ammonia 0.8 

Arsenic 0.04(i) 
0.1(ni) 

0.04(i) 
0.1(ni) 

0.04(i) 
0.1(ni) 

0.04(i) 
0.1(ni) 

Benzene 0.08 0.08 0.08 
2,3,7,8-
TCDD 
(dioxin) 

0.1(i) 
0.2(ni) 

0.1(i) 
0.2(ni) 

0.1(i) 
0.2(ni) 

0.1(i) 
0.2(ni) 

0.1(i) 
0.2(ni) 

0.1(i) 
0.2(ni) 

Nickel 0.4(i) 0.4(i) 0.1(ni) 
Hazard 
Index 1.50 0.78 0.40 0.3 0.52 0.30 0.22 0.14 0.14 

i = inhalation pathway contribution 
ni = noninhalation pathway contribution 

Table 8.9 shows the calculated chronic HIs by combining the chronic inhalation HQs 
and chronic oral HQs. The HQs or HIs for different target organs are not added 
together (e.g., do not add the impacts for the respiratory system to the nervous system). 
The noninhalation pathways for TCDD and arsenic in Table 8.9 have all the 
noninhalation pathways that apply incorporated into their HQ values.  For example, the 
noninhalation value for arsenic (HQs = 0.1) includes at least the soil ingestion and 
dermal soil pathways in the HQs because these are the mandatory noninhalation 
pathways to take into account with exposure to a multipathway substance. For TCDD, 
the mother’s milk pathway is an additional mandatory noninhalation pathway to take into 
account (See Table 5.1).  If there are exposures to any of the site-specific pathways, 
then these would be included too.  A more detailed example calculation of HIs is shown 
in Appendix I. 

When exposure to more than two noninhalation pathways occur, using the high-end 
point estimates of intake rates for only the two dominant noninhalation pathways will 
lessen the issue of compounding high-end exposure estimates, while retaining a 
health-protective approach for the more important exposure pathways.  It is unlikely that 
an individual receptor would be on the high-end of exposure for all the non-inhalation 
intake parameters (exposure pathways). 
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8.3.4	 Summary - Acute, 8-Hour and Chronic Hazard Index Calculation at the 
MEIR and MEIW 

Eight-hour RELs were developed principally for exposure of individuals during 8-hour 
work schedules. The 8-hour RELs should be used for typical daily work shifts of 8-9 
hours.  For further questions, assessors should contact OEHHA, the District, or 
reviewing authority to determine if the 8-hour RELs should be used in your HRA.  Any 
discussions or directions to exclude the 8-hour REL evaluation should be documented 
in the HRA. There are currently only a limited number of substances with an 8-hour 
inhalation REL.  Over time as the science supporting REL values for individual 
substances is reviewed and the RELs are revised by OEHHA, more 8-hour RELs will be 
developed. 

Therefore, for the MEIR, we recommend: 

	 Estimating the acute Hazard Index based on the maximum 1-hour air 

concentration and 1-hour RELs 


	 Estimating the chronic Hazard Index based on the annual average air
 
concentration and the chronic RELs, and the oral RELs for multipathway
 
substances
 

An 8-hour hazard index based on the daily average 8-hour exposure is not required for 
the MEIR, but can be performed at the discretion of the District for exposure to non-
continuously operating facilities using the adjusted annual average air concentration 
(See EQ 5.4.1.4 A and B or method in App. M).  Eight-hour hazard assessments are not 
recommended for exposure to continuously operating facilities. 

For the MEIW, we recommend: 

 Estimating the acute Hazard Index based on the maximum 1-hour air
concentration and 1-hour RELs

 Estimating the 8-hour Hazard Index based on daily average 8-hour exposure for
those chemicals with 8-hour RELs

 Estimating the chronic Hazard Index based on the annual average air
concentration and chronic RELs, and oral RELs for multipathway substances

Until there are 8-hour RELs for many of the Hot Spots substances that have a chronic 
REL value, we recommend determining the chronic HI for the MEIW to adequately 
protect the offsite worker. 

8.3.5	 Evaluation of Background Criteria Pollutants 

The District should be contacted to determine if the contribution of background criteria 
pollutants to respiratory health effects is required to be included in an HRA for the Hot 
Spots Program.  If inclusion is required, the methods for calculating the health impact 
from acute and chronic exposure (respiratory endpoint) is the standard HI approach 
(see Sections 8.3.1 and 8.3.4).  There are currently no 8-hour RELs for criteria 
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pollutants, so 8-hour health impacts from criteria pollutants are not assessed in HRAs. 
The background criteria pollutant contribution should be calculated if the HI from the 
facility’s emissions exceeds 0.5 in either the acute or chronic assessment for the 
respiratory endpoint. 

The most recent criteria pollutant concentration data should be obtained from the ARB’s 
ambient air monitoring network and can be found in the California Almanac of 
Emissions and Air Quality on their web site at www.arb.ca.gov. For determining the 
criteria pollutant contribution in HI calculations, the annual average concentration data 
should be taken from a monitoring site near the facility.  If background contributions are 
unavailable, the District may direct the risk assessor to make an alternative assumption. 
The criteria pollutants that should be included in acute and chronic assessments for the 
respiratory endpoint are ozone, nitrogen dioxide, sulfur dioxide, sulfates, and hydrogen 
sulfide. 

8.4 Uses of Exposure Duration Adjustments for Onsite Receptors 

Onsite workers are protected by CAL OSHA and typically are not evaluated under the 
Hot Spots program. Exceptions may include a worker who also lives on the facility 
property such as at prisons, military bases, and universities that have worker housing 
within the facility.  Another scenario where the District may require assessment of on-
site worker exposure and risk is when a facility (e.g., airport) has multiple businesses 
owned by different entities within the facility/property (e.g., rental car agencies, 
restaurants, etc.).  In these situations the evaluation of onsite cancer risks, and/or acute, 
8-hour, and chronic noncancer hazard indices is appropriate under the Hot Spots 
program.  If the onsite receptor under evaluation can be exposed through a 
noninhalation exposure pathway, then that exposure pathway must also be included. 
When a receptor lives and works on the facility, site, or property, then these receptors 
should be evaluated and reported under both residential and worker scenarios and the 
one that is most health-protective should be used for risk management decisions. 

The cancer risk estimates for the on-site residents may use a 30-year exposure duration 
while the 25-year exposure duration is used for a worker.  Under a Tier 2 analysis, 
alternate exposure durations may be evaluated and presented with all assumptions 
supported. See section 8.2.10 for more discussion of short-term exposures. 

Other situations that may require on-site receptor assessment include the presence of 
locations where the public may have regular access for the appropriate exposure period 
(e.g., a lunchtime café, store, or museum for acute exposures).  The District or 
reviewing authority should be consulted on the appropriate evaluations for the risk for all 
onsite receptors. 
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9 - Summary of the Requirements for a Modeling Protocol 
and a Health Risk Assessment Report 

The AB 2588 program is a community right-to-know act. Although risk assessment is a 
technical field, AB 2588 risk assessments need to be clear and understandable to the 
educated lay person. An Executive Summary that explains the process and the results 
of the risk assessment in lay terms is necessary. Clear risk communication is 
imperative in situations where the facility is required to notify the surrounding 
community.  In addition, the risk assessment is by law reviewed by the local Air 
Pollution Control or Air Quality Management District (District) and OEHHA in order to 
ensure that AB 2588 risk assessment procedures have been followed. This chapter 
clarifies the type of information that is needed for District and OEHHA review of 
modeling protocols and health risk assessments (HRAs). 

The material presented here is intended to promote transparent, consistent presentation 
and efficient review of the modeling protocol and the health risk assessment report 
(products). We recommend that persons preparing these products consult with the 
local District to determine if the District has modeling or HRA guidelines that supersede 
these products.  If the District does not have guidelines for these products, then we 
recommend Section 9.1 be used for modeling protocols and Section 9.2 be used for the 
presentation of HRAs.  Persons preparing modeling protocols and HRAs should specify 
the guidelines that were used to prepare their products. 

9.1 Submittal of a Modeling Protocol 

It is strongly recommended that a modeling protocol be submitted to the District for 
review and approval prior to extensive analysis with an air dispersion model.  The 
modeling protocol is a plan of the steps to be taken during the air dispersion modeling 
and risk assessment process. We encourage people who are preparing protocols to 
take advantage of the protocol step and fully discuss anticipated methodologies for any 
portion of your project that may need special consideration. Below, we have provided 
an example of the format that may be followed in the preparation of the modeling 
protocol. Consult with the District to confirm format and content requirements or 
to determine the availability of District modeling guidelines before submitting the 
protocol. 
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9.1.1 Outline for a Modeling Protocol 

I. Introduction 

Include the facility name, address, and a brief overview describing the 
facility’s operations. 

	 Provide a description of the terrain and topography surrounding the facility
and potential receptors.

	 Indicate the format in which data will be provided.  Ideally, the report and
summary of data will be on paper and all data and model input and output
files will be provided electronically (e.g., compact disk or CD).

	 Identify the guidelines used to prepare the protocol (e.g., District
Guidelines).

II. Emissions 

For each pollutant and process whose emissions are required to be 
quantified in the HRA, list the annual average emissions (pounds/year 
and grams/second) and the maximum one-hour emissions (pounds/hour 
and grams/second)1. Maximum 1-hour emissions are used for acute 
noncancer health impacts while annual emissions are used for chronic 
exposures (i.e., chronic and 8-hour noncancer health impacts or cancer 
risk assessment). 

	 Identify the reference and method(s) used to determine emissions
(e.g., source tests, emission factors, etc.).  Clearly indicate any emission
data that are not reflected in the previously submitted emission inventory
report.  In this event, a revised emission inventory report will need to be
submitted to the District.

	 Identify if this will be a multipathway assessment based on emitted
substances.

Except radionuclides, for which annual and hourly emissions are reported in Curies/year and 
millicuries/hour, respectively. 
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III.	 Models / Modeling Assumptions 

Specify the model and modeling assumptions 

 Identify the model(s) to be used, including the version number.
 

 Identify the model options that will be used in the analysis.
 

 Identify the modeling domain(s) and the spacing of receptor grid(s).  Grid
 
spacing should be sufficient in number and detail to capture the 
concentration at all of the receptors of interest. 

 Indicate complex terrain options that may be used, if applicable. 

 Identify the source type(s) that will be used to represent the facility’s 
operations (e.g., point, area, or volume sources, flare options or other). 

	 Indicate the preliminary source characteristics (e.g., stack height, gas 
temperature, exit velocity, dimensions of volume source, etc.). 

	 Identify and support the use of urban or rural dispersion coefficients for 
those models that require dispersion coefficients. For other models, 
identify and support the parameters required to characterize the 
atmospheric dispersion due to land characteristics (e.g., surface 
roughness, Monin-Obukhov length). 

IV.	 Meteorological Data 

Specify the type, source, and year(s) of hourly meteorological data 
(e.g., hourly surface data, upper air mixing height information). 

 State how the data are representative for the facility site.
 

 Describe QA/QC procedures.
 

 Identify any gaps in the data; if gaps exist, describe how the data gaps are
 
filled. 

V.	 Deposition 

	 Specify the method to calculate deposition (if applicable). 
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VI. Receptors 

Specify the type and location of receptors. Include all relevant 
information describing how the individual and population-related 
receptors will be evaluated. 

	 Identify and describe the location(s) of known or anticipated potential 
sensitive receptors, the point of maximum impact (PMI), the maximum 
exposed individual residential (MEIR), and worker (MEIW) receptors. 
Identify any special considerations or grids that will be used to model 
these receptors.  This information should correspond with information 
provided in Section III (e.g., fine receptor spacing of 20 meters at the 
fence line and centered on the maximum impacts; coarse receptor 
spacing of 100 meters out to 2,000 meters; extra coarse spacing of 1,000 
meters out to 20,000 meters). 

	 Identify if spatial averaging will be used.  Include necessary background 
information on each receptor including how the domain and spacing will 
be determined for each receptor or exposure pathway. 

	 Describe how the cancer burden or population impact estimates are 
calculated.  Clarify the same information for the presentation of noncancer 
population impacts (e.g., centroids of the census tracts in the area within 
the zone of impact). 

	 Specify that actual UTM coordinates and the block/street locations 
(i.e., north side of 3,000 block of Smith Street), where possible, will be 
provided for specified receptor locations. 

	 Identify and support the use of any exposure adjustments (e.g., time at 
location, diurnal). 

	 Include the list of anticipated exposure pathways that will be included and 
indicate which substance will be evaluated in the multipathway 
assessment. Identify if sensitive receptors are present and which 
receptors will be evaluated in the HRA. 

VII. Maps 

Identify how the information will be graphically presented. 

	 Indicate which cancer risk isopleths will be plotted for the cancer zone of 
impact (e.g., 10-7, 10-6 see Section 4.6.1). 

	 Indicate the hazard quotients or hazard indices to be plotted for the 
noncancer acute, 8 hour, and chronic zones of impact (e.g., 0.5, 1.0, etc.). 
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9.2 Health Risk Assessment Report 

The purpose of this section is to provide an outline to assist with the preparation and 
review of HRAs.  This outline specifies the key components that should be included in 
HRAs.  All information used for the report must be presented in the HRA.  Ideally, the 
HRA report and a summary of data used in the HRA will be on paper and all data and 
model input and output files will be provided electronically (e.g., CD).  Persons 
preparing HRAs for the Hot Spots Program should consult the District to determine if 
HRA guidelines or special formats are to be followed when preparing and presenting the 
HRA’s results. 

If District guidelines or formats do not exist that supersede this outline, then the HRA 
should follow the format presented here.  If the HRA is prepared for other programs, the 
reviewing authority should be consulted for clarification of format and content. We 
recommend that those persons preparing HRAs specify the guidelines that were used to 
prepare their product. The HRA may be considered deficient by the reviewing 
authority if components that are listed here are not included. 

9.2.1 Outline for the Health Risk Assessment Report 

I. Table of Contents 

 Section headings with page numbers indicated.
 
 Tables of tables and Table of figures with page numbers indicated.
 
 Appendices with page numbers indicated.
 

II. Executive Summary 

Overview of all relevant information regarding the project or facility. 

	 Facility identifier number (consult the District).

	 Description of facility operations and a list identifying emitted substances
including table of maximum 1-hour emissions, and annual average
emissions.

	 Provide a brief description of acute, 8-hour, chronic, and cancer health
impacts of the emitted substances, based on OEHHA’s descriptions in the 
appropriate Technical Support Documents.

	 Text presenting overview of dispersion modeling and exposure
assessment.

	 Text describing estimated cancer risk for carcinogens, noncancer Hazard
Quotients and Hazard Indices and a table showing target organ systems
by substance for noncancer impacts.
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	 Summarize the individual and population-wide health impacts including 
the driving substance(s) and the driving exposure pathways: 

o	 Location (block/street location; e.g., north side of 3,000 block of Smith 
Street) and description of the off-site point of maximum impact (PMI), 
maximum exposed individual resident (MEIR), and maximum exposed 
individual worker (MEIW). 

o	 Location (block/street location; e.g., north side of 3,000 block of Smith 
Street) and description of any on-site receptors that were evaluated at 
the facility (consult District or agency). 

o	 Location (block/street location; e.g., north side of 3,000 block of Smith 
Street) and description of any sensitive receptors that are required by 
the district or reviewing authorities (consult District or agency). 

NOTE: When presenting information described in the following 
bullets, cancer risk should be presented separately for a 
residential 30-year, Tier–1 analysis.  Results of other exposure 
assumptions (e.g., 9 or 70-year) or other tier evaluations should 
also be presented, and must be clearly labeled.  For the Hot Spots 
Program, while the 30-year exposure duration is recommended as 
the basis for public notification and risk reduction audits and 
plans, the District has discretion to use the 70 year exposure 
scenario for its decisions.  In addition, the 70 year cancer risk 
must be calculated to estimate population-wide impacts. 

o	 Text presenting an overview of the total cancer risk (including 
multipathway substances, if present) at the PMI, MEIR, MEIW, and 
sensitive receptors.  Provide a table of cancer risk by substance for the 
MEIR and MEIW (if applicable).  Include a statement indicating which 
of the substances appear to contribute most to (drive) the potential 
health impacts. In addition, identify the exposure pathways evaluated 
in the HRA. 

o	 Provide a map of the facility and surroundings and identify the location 
of the MEIR, MEIW, PMI, and other locations or receptors of interest. 

o	 Provide a map of 30-year and 70-year cancer risk zone of impact(s), if 
applicable. 

o	 Text presenting an overview of the acute and chronic noncancer 
hazard quotients and the (total) hazard indices for the PMI, MEIR, 
MEIW, and sensitive receptors.  Additionally, include 8-hour hazard 
quotients and hazard indices for the MEIW. Include separate 
statements (for acute, 8-hour, and chronic exposures) indicating which 
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of the substances appear to drive the potential health impacts. In 
addition, clearly identify the primary target organ(s) that are impacted 
from acute, 8-hour, and chronic exposures. 

o	 Identify any sensitive subpopulations (e.g., child daycare facilities,
schools, nursing homes) of concern.

o	 Table and text presenting an overview of estimates of population
exposure (e.g., cancer burden or population estimates from HARP)
(consult District or agency) (see Section 8.4).

o	 Version of the Risk Assessment Guidelines and computer program(s)
used to prepare the risk assessment (e.g., HARP).

III. Risk Assessment Procedures 

A.	 Hazard identification 

	 Table and text identifying all substances emitted from the facility, plus any
other substances required by the District or reviewing authority.  Include
the CAS number of the substance and the physical form of the substance
if possible.  [The Hot Spots substances are listed in Appendix A, and also
in the ARB’s Emission Inventory Criteria and Guidelines Regulations (Title
17, California Code of Regulations, Sections 93300-93300.5), and the
Emission Inventory Criteria and Guidelines Report (EICG Report), which is
incorporated by reference therein (ARB, 1997)].

	 Table and text identifying all substances that are evaluated for cancer risk
and/or noncancer acute, 8-hour, and chronic health impacts. In addition,
identify any multipathway substances that present a cancer risk or chronic
noncancer hazard via noninhalation routes of exposure.

	 Describe the types and amounts of continuous or intermittent predictable
emissions from the facility that occurred during the reporting year.  As
required by statute, releases from a facility include spilling, leaking,
pumping, pouring, emitting, emptying, discharging, injecting, escaping
(fugitive), leaching, dumping, or disposing of a substance into ambient air.
Include the substance(s) released and a description of the processes that
resulted in long-term and continuous releases.

B.	 Exposure Assessment 

This section describes the information related to the air dispersion modeling 
process that needs to be reported in the risk assessment; the information is also 
presented in Chapter 4 (see Section 4.15). The District may have specific 
requirements regarding format and content (see Section 4.14).  Sample 
calculations should be provided at each step to indicate how reported emissions 
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data were used. Reviewing agencies must receive input, output, and supporting 
files of various model analyses on computer-readable media (e.g., CD). 

1. Information on the Facility and its Surroundings 

Report the following information regarding the facility and its surroundings: 

 Facility Name 
 Location (UTM coordinates and street address) 
 Land use type (see Section 2.4) 
 Local topography 
 Facility plot plan identifying: 

o source locations 
o property line 
o horizontal scale 
o building heights 
o emission sources 

2. Source and Emission Inventory Information 

a. Release Parameters 

Report the following information for each release location in table format: 

 Release location identification number 
 Release name 
 Release type (e.g., point, volume, area, line, pit, etc.) 
 Source identification number(s) used by the facility for sources that 

emit out of this release location 
 Release location using UTM coordinates 
 Release parameters by release type (e.g., shown for point source): 
 Stack height (m), stack diameter (building dimensions for downwash, 

exhaust gas exit velocity (m/s), exhaust gas volumetric flow rate 
(ACFM), exhaust gas exit temperature (K), etc. 

b. Source Description and Operating Schedule 

The description and operating schedule for each source should be 
reported in table form including the following information: 

 Source identification number used by the facility 
 Source name 
 Number of operating hours per day and per year (e.g., 0800-1700, 

2700 hr/yr) 
 Number of operating days per week (e.g., Mon-Sat) 
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	 Number of operating days or weeks per year (e.g., 52 wk/yr excluding
major holidays)

	 Release point identification number(s) for where source emissions are
released

	 Fraction of source emissions emitted at each release point by release
point ID number

c.	 Emission Control Equipment and Efficiency
	 Report emission control equipment and efficiency by source and by

substance

d.	 Emissions Data Grouped By Source

Report emission rates for each toxic substance, grouped by source (i.e.,
emitting device or process identified in Inventory Report), in table form
including the following information:

 Source name
 
 Source identification number
 
 Substance name and CAS number (from Inventory Guidelines)
 
 Annual average emissions for each substance (lb/yr)
 
 Hourly maximum emissions for each substance (lb/hr)
 

e.	 Emissions Data Grouped by Substance

Report facility total emission rate by substance for all emitted substances
listed in the Air Toxics “Hot Spots” Program including the following 
information:

 Substance name and CAS number (from Inventory Guidelines)
 
 Annual average emissions for each substance (lb/yr)
 
 Hourly maximum emissions for each substance (lb/hr)
 

f.	 Emission Estimation Methods

Report the methods used in obtaining the emissions data indicating
whether emissions were measured or estimated.  Clearly indicate any
emission data that are not reflected in the previously submitted emission
inventory report and submit a revised emission inventory report to the
district. A reader should be able to reproduce the risk assessment without
the need for clarification.
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g.	 List of Substances 

Include tables listing all "Hot Spots" Program substances which are 
emitted, plus any other substances required by the District.  Indicate 
substances to be evaluated for cancer risks and noncancer effects. 

h.	 Exposed Population and Receptor Location 

Report the following information regarding exposed population and
 
receptor locations:
 

	 Description of zone of impact including map showing the location of the 
facility, boundaries of zone of impact, census tracts, emission sources, 
sites of maximum exposure, and the location of all appropriate 
receptors. This should be a true map (one that shows roads, 
structures, etc.), drawn to scale, and not just a schematic drawing. 
USGS 7.5 minute maps or GIS based maps are usually the most 
appropriate choices. (If significant development has occurred since 
the user’s survey, this should be indicated.) 

	 Separate maps for the cancer risk zone of impact and the hazard index 
(noncancer) zone of impact(s). The cancer zone of impact should 
include isopleths down to at least the 1/1,000,000 risk level.  Because 
some districts use a level below 1/1,000,000 to define the zone of 
impact, the District should be consulted.  For the noncancer zone of 
impact, three separate isopleths (to represent chronic, 8-hour, and 
acute HI) should be created to define the zone of impact for the hazard 
index from both inhalation and noninhalation pathways greater than or 
equal to 0.5. The point of maximum impact (PMI), maximum exposed 
individual at a residential receptor (MEIR), and maximum exposed 
individual worker (MEIW) for both cancer and noncancer risks should 
be located on the maps. 

	 Tables identifying population units and sensitive receptors (UTM
 
coordinates, receptor IDs or index from the modeling, and street 

addresses of specified receptors)
 

	 Heights or elevations of the receptor points. 

	 Spatial averaging: For each receptor type (e.g., PMI, MEIR, and 
MEIW, or other location of interest) that will utilize spatial averaging, 
the domain size and grid resolution must be clearly identified. If 
another domain or grid resolution other than 20 meters by 20 meters 
with 5-meter grid spacing will be used for a receptor, then care should 
be taken to determine the proper domain size and grid resolution that 
should be used.  For a worker, the HRA shall support all assumptions 
used, including, but not limited to, documentation for all workers 
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showing the area where each worker routinely performs their duties. 
The final domain size should not be greater than the smallest area of 
worker movement. Other considerations for determining domain size 
and grid spacing resolution may include an evaluation of the 
concentration gradients across the worker area. The grid spacing 
used within the domain should be sufficient in number and detail to 
obtain a representative concentration across the area of interest. 
When spatial averaging over the deposition area of a pasture, garden, 
or water body, care should be taken to determine the proper domain 
size to make sure it includes all reasonable areas of potential 
deposition. The size and shape of the pasture, garden, or water body 
of interest should be identified and used for the modeling domain. The 
grid spacing or resolution used within the domain should be sufficient 
in detail to obtain a representative deposition concentration across the 
area of interest.  One way to determine the grid resolution is to include 
an evaluation of the concentration gradients across the deposition 
area. The HRA shall support all assumptions used, including, but not 
limited to, documentation of the deposition area (e.g., size and shape 
of the pasture or water body, maps, representative coordinates, grid 
resolution, concentration gradients, etc.).  The use or spatial averaging 
is subject to approval by the reviewing authority.  This includes the size 
of the domain and grid resolution that is used for spatial averaging of a 
worksite or multipathway deposition area. 

3. Meteorological Data 

If meteorological data were not obtained directly from the District, then the report 
must clearly indicate the data source and time period used.  Meteorological data 
not obtained from the District must be submitted in electronic form along with 
justification for their use including information regarding representativeness and 
quality assurance. 

The risk assessment should indicate if the District required the use of a specified 
meteorological data set. All memos indicating the District’s approval of 
meteorological data should be attached in an appendix. 

4. Model Selection and Modeling Rationale 

The report should include an explanation of the model chosen to perform the 
analysis and any other decisions made during the modeling process. The report 
should clearly indicate the name of the models that were used, the level of detail 
(screening or refined analysis) and the rationale behind the selection. 

Also report the following information for each air dispersion model used: 

 Version number
 
 Selected options and parameters in table form
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	 Identify the modeling domain(s) and the spacing of receptor grid(s).  Grid
spacing should be sufficient in number and detail to capture the
concentration at all receptors of interest.

5.	 Air Dispersion Modeling Results

The report should include tables, text, and appendices that clearly present all of 
the following information 

	 Maximum hourly and annual average concentrations of chemicals at
appropriate receptors such as the residential and worker MEI receptors

	 Annual average and maximum one-hour (and 30-day average for lead
only) concentrations of chemicals at appropriate receptors listed and
referenced to computer printouts of model outputs

	 Model printouts (numbered), annual concentrations, maximum hourly
concentrations

	 Disk with input/output files for air dispersion program (e.g., the AERMOD
input file containing the regulatory options and emission parameters,
receptor locations, meteorology, etc.)

	 Include tables that summarize the annual average concentrations that are
calculated for all the substances at each site. The use of tables that
present the relative contribution of each emission point to the receptor
concentration is recommended.  (These tables should have clear
reference to the computer model which generated the data. It should be
made clear to any reader how data from the computer output were
transferred to these tables.)  [As an alternative, the above two tables could
contain just the values for sites of maximum impact (i.e., PMI, MEIR and
MEIW), and sensitive receptors, if required. All the values would be found
in the Appendices.]

C.	 Health Values Used in Dose-Response and Dose Estimates 

	 Provide tables of the acute, 8-hour and chronic inhalation RELs, chronic
oral RELs (if applicable), and cancer potency factors for each substance
that is quantified in the HRA.

	 Identify the guidelines (title and date) that were used to obtain these
factors, or indicate whether newly approved values obtained from the
OEHHA website were used.

	 Provide a table of target organ systems for each noncancer substance,
including acute (1 hour), 8-hour, and chronic inhalation, and chronic oral (if
applicable).
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	 Include tables of the estimated dose for each substance by each exposure 
pathway at the PMI, MEIR, MEIW, and at any sensitive receptor locations 
(required by the District). 

D.	 Risk Characterization 

The Hot Spots Analysis and Reporting Program (HARP) will generate the risk 
characterization data needed for the outline below.  Any data needed to support 
the risk characterization findings should be clearly presented and referenced in 
the text and appendices.  A listing of HARP output files that meet these HRA 
requirements is provided in this outline under the section entitled “Appendices”. 
All HARP files should be included in the HRA.  Ideally, the HRA report and a 
summary of data used in the HRA will be on paper and all data and model input 
and output files will be provided electronically (e.g., CD).  Information on 
obtaining copies of HARP is available on the California Air Resources Board’s 
Internet web site under the Air Toxics Program at www.arb.ca.gov. 

NOTE: The cancer risk for the PMI, MEIR, and sensitive receptors of interest 
must be presented in the HRA’s text, tables, and maps.  OEHHA recommends 
that cancer risk for a 30-year exposure duration be presented for the MEIR, and 
that cancer risk for 9-year and 70-year exposure durations for the MEIR be 
presented to provide the risk managers with supplemental information. Note that 
the assessment of population impacts must be based on a 70-year exposure 
duration; thus all risk assessments need to estimate cancer risk for a 70-year 
exposure duration in order to report the number of individuals residing in the risk 
isopleths, or to calculate cancer burden if the District so requires. In addition, 
some Districts may opt to make risk management decisions based on a 70-year 
exposure duration. The MEIW location should use a 25-year exposure period. 

All HRAs must include the results of a Tier-1 exposure assessment (see Chapter 
2 and 8, or the 2012 TSD).  If the reviewing authority specifies that additional 
exposure periods should be presented, or if persons preparing the HRA would 
like to present additional information (i.e., exposure duration adjustments or the 
inclusions of risk characterizations using Tier-2 through Tier-4 exposure data), 
then this information should be presented in separate, clearly titled, sections, 
tables, and text. 

The following information should be presented in this section of the HRA.  If 
not fully presented here, then by topic, clearly identify the section(s) and 
pages within the HRA where this information is presented. 

	 Description of receptors to be quantified. 

	 Table and text providing the location [UTM coordinates, receptor ID 
number or index from the modeling, and the block/street address 
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(e.g., north side of 3,000 block of Smith Street)] and description of the 
PMI, MEIR, and MEIW for both cancer and noncancer risks. 

	 Separate tables and text providing description of the PMI and MEIR for 
30-year cancer risk, and 9- or 70-year cancer risk. 

	 Tables and text describing MEIW 25-year cancer risk. 

	 Table and text providing the location [UTM coordinates, receptor ID 
number or index from the modeling, and the block/street address 
(e.g., north side of 3,000 block of Smith Street)] and description of any 
sensitive receptor that is of interest to the District or reviewing authorities 
(consult District or agency). 

	 Provide any exposure information that is used for risk characterization 
(e.g., concentrations at receptors, emissions information, census 
information, figures, zone of impact maps, etc.).  If multipathway 
substances are emitted, identify the site/route dependent exposure 
pathways (e.g., water ingestion) for the receptor(s), where appropriate 
(e.g., MEIR).  

	 Provide a summary of the site-specific inputs used for each exposure 
pathway (e.g., water or grazing intake assumptions). This information 
may be presented in an appendix with the information clearly presented 
and cross-referenced to the text. In addition, provide reference to the 
appendix (section and page number) that contains the modeling 
(i.e., HARP/dispersion modeling) files that show the same information. 

	 If any exposure parameters were used other than those provided in the Air 
Toxics Risk Assessment Guidelines: Technical Support Document for 
Exposure Assessment and Stochastic Analysis (2012), they must be 
presented in detail. The derivation and data used must be presented so 
that it is clear to the reviewer.  The justification for using site-specific 
exposure parameters must be clearly presented. 

	 Table and text presenting the potential multipathway cancer risk by 
substance, by pathway, and total, at the PMI, MEIR, MEIW, and sensitive 
receptor locations (required by the District). 

	 Table and text presenting the acute (inhalation only) and chronic 
noncancer (inhalation and oral) hazard quotients (by substance, exposure 
pathways, and target organs) and the (total) hazard indices by substance 
and target organs for the PMI, MEIR, MEIW, and sensitive receptors. For 
8-hour exposure at the MEIW (inhalation only), table and text presenting 
hazard quotients (by substance, exposure pathways, and target organs) 
and the (total) hazard indices by substance and target organs. Note: 
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Chronic noncancer results should be shown with inhalation and oral 
contributions (shown separately) and for the combined (multipathway) 
impact. 

	 Identify any sensitive subpopulations (e.g., child daycare facilities,
schools, nursing homes) of concern.

	 Table and text presenting estimates of population exposure
(e.g., population exposure estimates or cancer burden from HARP)
(consult District or agency).  Tables should indicate the number of persons
exposed to a (total) cancer risk greater than 10-7, 10-6, 10-5, 10-4, etc., and
total hazard quotient or hazard index greater than 0.5, 1.0, 2.0, and 3.0,
etc. Provide a table that shows excess cancer burden for each population
unit and the total excess cancer burden, if cancer burden calculation is
required.

	 Provide maps that illustrate the HRA results for the three sub-bullet points
below.  These maps should be an actual street map of the area impacted
by the facility with elevation contours and actual UTM coordinates, and the
facility boundaries clearly labeled. In some cases the elevation contours
will make the map too crowded and should therefore not appear. This
should be a true map (one that shows roads, structures, etc.), drawn to
scale, and not just a schematic drawing.  USGS 7.5-minute maps are
usually the most appropriate choice (see Section 4.6).

o	 The facility (emission points and boundaries), the locations of the PMI,
MEIR, MEIW, and sensitive receptors.

o	 Maps of the cancer zone of impacts (e.g., 10-6 or 10-7 levels - consult
District or Agency).  The map should clearly identify the zone of impact
for the inhalation pathway, the minimum exposure pathways (soil
ingestion, dermal exposure, and breast-milk consumption) if
multipathway substances are emitted, and the zone of impact for all
the applicable exposure pathways (minimum exposure pathways plus
any additional site/route specific pathways) for multipathway analyses.
Two maps may be needed to accomplish this. The legend of these
maps should state the level(s) used for the zone of impact and identify
the exposure pathways that were included in the assessment.

o	 Maps of the noncancer hazard index (HI) zone of impacts (e.g., 0.5 or
1.0 - consult District or Agency).  The noncancer maps should clearly
identify the noncancer zones of impact. These include the acute
(inhalation), 8-hour (inhalation), chronic (inhalation), and chronic
(multipathway) zones of impact. For clarity, presentation of the
noncancer zones of impact may require two or more maps. The
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legend of these maps should state the level(s) used for the zone of 
impact and identify the exposure pathways. 

	 The risk assessor may want to include a discussion of the strengths and 
weaknesses of the risk analyses and associated uncertainty directly 
related to the facility HRA. 

	 If appropriate, comment on the possible alternatives for control or remedial 
measures.  How do the risks compare? 

	 If possible, identify any community concerns that influence public 

perception of risk.
 

	 Sample calculations may be needed for all analyses in the HRA if 
proprietary software other than HARP was used. The District should be 
consulted.  These calculations should be clearly presented and referenced 
to the findings they are supporting in the HRA text. 

	 Version of the Risk Assessment Guidelines and computer program used 
to prepare the risk assessment. 

	 If software other than HARP is used for the health assessment modeling, 
all supporting material must be included with the HRA (e.g., all algorithms 
and parameters used in a clear, easy to review format). 

E.	 References 

Include any references used for the HRA in this section. 

F.	 Appendices 

The appendices should contain all data, sample calculations, assumptions, and 
all modeling and risk assessment files that are needed to reproduce the HRA 
results.  Ideally, a summary of data used in the HRA will be on paper and all data 
and model input and output files will be provided electronically (e.g., CD), unless 
otherwise specified by the district or reviewing authority.  All appendices and the 
information they contain should be referenced, clearly titled, and paginated. 

Potential Appendix Topics (if not presented elsewhere in the HRA 
report): 

	 List of all receptors locations (UTM coordinates, receptor ID number or 
index from the modeling, and the block/street address (e.g., north side of 
3,000 block of Smith Street)) for the PMI, MEIR, MEIW, and sensitive 
receptors. 

	 List of all emitted substances. 
	 All emissions files. 
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	 List of dose-response factors (Reference Exposure Levels and cancer 
potency factors). 

	 All air dispersion modeling input and output files.  Detailed discussions of 
meteorological data, regulatory options, emission parameters, receptor 
locations, etc. 

	 Census data. 
	 Maps. 
	 Identify the site/route dependent exposure pathways for the receptor(s), 

where appropriate (e.g., MEIR).  Provide a summary of the site-specific 
inputs used for each pathway (e.g., water or grazing intake assumptions) 
and the data to support them. 

	 All calculations used to determine emissions, concentrations, and potential 
health impacts at the PMI, MEIR, MEIW, and sensitive receptors. 

	 All HRA model input and output (HARP) files for receptors of concern. 
	 (Total) cancer and noncancer impacts by receptor, substance, and 

exposure pathway (by endpoint for noncancer) at all receptors. 
	 Presentation of alternate risk assessment methods (e.g., alternate 

exposure durations, or Tier-2 to Tier-4 evaluations with supporting 
information). 
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List of Abbreviations
 

A - Area 
AB2588 - Air Toxics “Hot Spots” Information and Assessment Act, 1987 
ACFM - Actual Cubic Feet per Minute 
ADL - Annual Dermal Load 
AQMD - Air Quality Management District (District) 
ARB - Air Resources Board 
ASF - Age Sensitivity Factor 
AT - Average Time for Lifetime Cancer Risk 
BAF - Bioaccumulation Factor 
BG - Urban Block Groups 
BLP - Buoyant Line and Point Source Dispersion Model 
BMI - Breast Milk Intake 
BPIP - Building Profile Input Program 
BPIPPRM - Building Profile Input Program for PRIME 
BSA - Body Surface Area 
BW - Bodyweight 
Cair - annual average air concentration 
CALMPRO - Calms processor program 
CAPCOA - California Air Pollution Control Officer’s Association 
CAS - Chemical Abstracts Service 
CERCLA - Comprehensive Environmental Response, Compensation and Liability Act 
Cf - Average concentration of a substance in fish 
Cm - Average concentration of a substance in mother’s milk (mislabeled on 114 as Cf) 
Cfa - Average concentration of a substance in animal products 
CONST2 - Constant in the Briggs’ stable plume rise equation using BLP 
CONST3 - Constant in the Briggs’ neutral plume rise equation using BLP 
CPF - Cancer Potency Factor 
CRIT - Convergence criterion for the line source calculations using BLP 
Cs - Concentration of Substance in the Soil 
CTDMPLUS - Complex Terrain Dispersion Model 
CTSCREEN - Complex Terrain Screening Model 
Cv - Average concentration of a substance in and on vegetation 
Cw - Concentration of a Substance in the Water 
DECFAC - Pollutant decay factor for use with BLP 
DF - Discount Factor 
DOSEair - Daily inhaled dose 
DOSEfa - Exposure through ingesting home-raised or farm animal products 
DOSEfish - Exposure through ingestion of angler-caught fish 
Dose-lm - Exposure through mother’s milk ingestion 
DOSEp - Exposure through ingesting home-grown produce 
DOSEwater - Exposure through ingesting water 
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DTHTA - Vertical potential temperature gradient 
DTSC - Department of Toxic Substance Control 
EASA - Exposure Assessment and Stochastic Analysis 
ED - Rural Enumeration Districts or Exposure Duration (in years) 
EF - Exposure Frequency 
EICG - Emission Inventory Criteria and Guidelines 
EPA - Environmental Protection Agency 
EQ - Equation 
F - Fahrenheit 
FAH - Fraction of Time at Home 
FG - Fraction of diet provided by grazing 
GIS - Geographic Information Systems 
GLC - Ground-Level Concentrations 
GRAF - Gastrointestinal Relative Absorption Factor 
HARP - Hot Spots Analysis and Reporting Program 
HESIS - Hazard Evaluation System and Information Service 
HI - Hazard Index 
HQ - Hazard Quotient 
HRA - Health Risk Assessment 
HSC - Health and Safety Code 
IARC - International Agency for Research on Cancer 
IDELS - Maximum variation in number of stability classes per hour (BLP option) 
ISCST3 - Industrial Source Complex Short Term 
IUPAC - International Union of Pure and Applied Chemistry 
K - Kelvin 
L - Fraction of locally-grown (source-impacted) feed that is not pasture (site-specific) 
LOAEL - Lowest Observed Adverse Effects Level 
LOD - Level of Detection 
LSHEAR - Plume rise wind shear (BLP option) 
LTRANS - Transitional point source plume rise (BLP option) 
MAXIT - Maximum iterations allowed for line source calculations (BLP option) 
MEIR - Maximally Exposed Individual Resident 
MEIW - Maximally Exposed Individual Worker 
METDB - Meteorological Database 
METS - Metabolic Equivalents 
MPRM - Meteorological Processor for Regulatory Models 
MWAF - Molecular Weight Adjustment Factor 
NAS - National Academy of Sciences 
NCDC - National Climatic Data Center 
NOAEL-No Observed Adverse Effects Level 
NTP - National Toxicology Program 
NWS - National Weather Station 
OCD - Offshore and Coastal Dispersion Model 
OEHHA - Office of Environmental Health Hazard Assessment 
p - Population density 
PAH - Polycyclic Aromatic Hydrocarbons 
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PCB - Polychlorinated Biphenyl 
PCDD - Polychlorinated dibenzo-p-dioxins 
PCDF - Polychlorinated dibenzofurans 
PEXP - Vertical wind speed power law profile exponents 
PM2.5 - Particulate Matter less than 2.5 microns in diameter 
PM10 - Particulate Matter less than 10 microns in diameter 
PMI - Point of Maximum Impact 
QA - Quality Assurance 
QC - Quality Control 
RCRA - Resource Conservation and Recovery Act 
REL - Reference Exposure Level 
RfC - Reference Concentration 
RfD - Reference Dose 
SCRAM - Support Center for Regulatory Air Models 
SDM - Shoreline Dispersion Model 
SIR - Soil Ingestion Rate 
SMAQMD - Sacramento Metropolitan Air Quality Management District 
SRP - Scientific Review Panel 
TAC - Toxic Air Contaminant 
Tco – Biotransfer coefficient 
TEF - Toxic Equivalency Factor 
TERAN – Terrain option in BLP 
TSD - Technical Support Document 
TSP - Total Suspended Particulates 
UCL - Upper Confidence Limits 
USGS - U.S. Geological Survey 
UTM - Universal Transvers Mercator 
WAF - Worker Adjustment Factor 
WHO - World Health Organization 
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Index of Selected Terms and Acronyms 

8 

8-hour RELs, 1-1, 4-48, 4-49, 5-33, 5-36, 6-1, 6-2, 6-5, 8-19, 8-20, 8-24, 8-25 

A 

Acute RELs, 1-1, 6-1, 6-2, 6-3, 8-22 
Age sensitivity factors, 5-24, 5-37, 5-44, 5-48, 5-49, 5-56, 5-60, 8-4, 8-5 

C 

Cancer burden, 1-4, 4-15, 4-18, 4-58, 8-1, 8-15, 8-16, 8-17, 9-30, 9-34, 9-40, 9-42 
Cancer potency factors, 2-2, 2-3, 7-1, 8-18 
Cancer risk characterization, vii, 8-14 
Chronic RELs, v, 4-49, 5-36, 5-43, 8-19 

F 

Fraction of time at home, 8-5 

H 

HARP, iii, 2, 1-4, 2-2, 2-4, 4-1, 4-7, 4-15, 4-19, 4-22, 4-24, 4-26, 4-43, 4-46, 4-48, 4-49, 
4-50, 5-3, 5-27, 6-6, 6-7, 6-12, 8-2, 8-12, 8-15, 8-17, 8-20, 9-34, 9-40, 9-41, 9-42, 9-
43, 9-44, 9-47 

Hazard index approach, vii, 8-19 
HI, 1-5, 4-16, 4-49, 4-62, 6-3, 6-6, 6-7, 6-12, 8-17, 8-20, 8-21, 8-23, 8-24, 8-25, 9-37, 9-

43 
HQ, 6-3, 6-6, 6-7, 6-12, 8-19, 8-20, 8-21, 8-22, 8-23 

I 

Individual cancer risk, vii, xi, 8-6, 8-15 
Inhalation RELs, 6-1, 8-19 

M 

MEIR, vii, xi, 1-4, 2-5, 4-21, 4-22, 4-23, 4-24, 4-25, 4-27, 4-43, 4-58, 4-62, 4-63, 5-1, 5-
2, 5-35, 5-36, 5-43, 5-63, 8-1, 8-6, 8-15, 8-16, 8-18, 8-24, 9-30, 9-33, 9-34, 9-37, 9-
38, 9-39, 9-40, 9-41, 9-42, 9-44 
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MEIW, vii, xi, 1-4, 4-21, 4-22, 4-23, 4-24, 4-25, 4-26, 4-27, 4-49, 4-58, 4-62, 4-63, 5-1, 
5-2, 5-26, 5-30, 5-33, 5-34, 5-36, 5-37, 5-42, 5-43, 5-44, 5-46, 6-5, 8-1, 8-6, 8-7, 8-9, 
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Home  Air  Hot Spots Adoption of the Revised Technical
 Support Document for Cancer Potency Factors

Air Toxicology and Epidemiology

ADOPTION OF THE REVISED AIR TOXICS HOT SPOTS
 PROGRAM TECHNICAL SUPPORT DOCUMENT FOR
 CANCER POTENCY FACTORS
 [06/01/09] APPENDIX C UPDATED 2011
The Office of Environmental Health Hazard Assessment (OEHHA) is
 required to develop guidelines for conducting health risk
 assessments under the Air Toxics Hot Spots Program (Health and
 Safety Code Section 44360(b)(2)). OEHHA initially developed
 Technical Support Documents (TSDs) in 1999-2000 in response to
 this statutory requirement, including one which listed and described
 the derivation of cancer potencies for individual air contaminants.
 OEHHA has developed a revised draft TSD, “Air Toxics Hot Spots
 Program Technical Support Document for Cancer Potencies,” which
 is designed to replace the original TSDs. The revised TSD presents
 updated methodology that reflects scientific knowledge and
 techniques developed since the previous guidelines were prepared,
 and in particular to explicitly include consideration of possible
 differential effects on the health of infants, children and other
 sensitive subpopulations, in accordance with the mandate of the
 Children’s Environmental Health Protection Act (Senate Bill 25,
 Escutia, Chapter 731, Statutes of 1999, Health and Safety Code
 Sections 39669.5 et seq.).

A draft of the TSD was released on June 20, 2008 to solicit public
 comment. The document was then reviewed by the State’s Scientific
 Review Panel on Toxic Air Contaminants (SRP). It was initially
 presented to the SRP on October 10, 2008. Revised versions of the
 document reflecting new data and comments from the public and the
 SRP were discussed at meetings held on December 5, 2008 and
 May 12, 2009. At the latter meeting, the SRP approved the final
 versions of the methodology section and the associated appendices.

Following this process, and by this memo, OEHHA is finalizing and
 adopting the TSD for Cancer Potency Factors. Adoption of the TSD
 does not automatically affect the existing cancer potency factors for
 individual air contaminants (which are listed in the appendices to the
 TSD). These existing cancer potency values are listed in Appendix A
 to the new TSD, and the toxicological summaries describing their
 derivation are presented in Appendix B. Any further new or revised
 cancer potencies approved by the SRP will be adopted and also
 included in these appendices.

Follow this link to download the “Air Toxics Hot Spots Risk
 Assessment Guidelines Part II: Technical Support Document for
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Appendices

Appendix A. A lookup table containing unit risk and cancer potency
 values. updated 2011

Appendix B. Chemical-specific summaries of the information used to
 derive unit risk and cancer potency values. updated 2011

Appendix C. A description of the use of toxicity equivalency factors for
 determining unit risk and cancer potency factors for polychlorinated
 dibenzo-p-dioxins, dibenzofurans and dioxin-like polychlorinated
 biphenyls. Revised 01/20/11

Appendix D. A listing of Toxic Air Contaminants identified by the
 California Air Resources Board.

Appendix E. Descriptions of the International Agency for Research on
 Cancer (IARC) and U.S. Environmental Protection Agency (U.S.
 EPA) carcinogen classifications.

Appendix F. An asbestos quantity conversion factor for calculating
 asbestos concentrations expressed as 100 fibers/m3 from asbestos
 concentrations expressed as µg/m3.

Appendix G. Procedures for revisiting or delisting cancer potency
 factors by the program of origin.

Appendix H. Exposure routes and studies used to derive cancer unit
 risks and slope factors.

Appendix I. “Assessing susceptibility from early-life exposure to
 carcinogens”: Barton et al., 2005 (from Environmental Health
 Perspectives).

Appendix J. “In Utero and Early Life Susceptibility to Carcinogens:
 The Derivation of Age-at-Exposure Sensitivity Measures” –
 conducted by OEHHA’s Reproductive and Cancer Hazard
 Assessment Branch.
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Home  Air  Hot Spots Guidelines  Revised Technical
 Support Document for Exposure Assessment And Stochastic
 Analysis

Air Toxicology and Epidemiology

NOTICE OF ADOPTION OF AIR TOXICS HOT SPOTS
 PROGRAM RISK ASSESSMENT GUIDELINES: REVISED
 TECHNICAL SUPPORT DOCUMENT FOR EXPOSURE
 ASSESSMENT AND STOCHASTIC ANALYSIS 
 [08/27/12]
The Office of Environmental Health Hazard Assessment (OEHHA) is
 adopting an updated version of the document, Air Toxics Hot Spots
 Program Risk Assessment Guidelines: Technical Support Document
 for Exposure Assessment and Stochastic Analysis.  The document
 becomes available on the OEHHA Home Page at
 http://www.oehha.ca.gov on August 27, 2012.

 BACKGROUND

 OEHHA is required to develop guidelines for conducting health risk
 assessments under the Air Toxics Hot Spots Program (Health and
 Safety Code Section 44360(b)(2)).  OEHHA previously developed
 Technical Support Documents (TSDs) in response to this statutory
 requirement, including one in 2000 for exposure assessment.  This
 revised draft TSD replaces the original TSD, and reflects new
 scientific knowledge developed since the previous guidelines were
 prepared.  We have updated exposure parameters (e.g., inhalation
 rate, food consumption rate, etc.) based on the most recent data,
 including exposure factors for infants and children, in accordance
 with the mandate of the Children’s Environmental Health Protection
 Act (Senate Bill 25, Escutia, Chapter 731, Statutes of 1999, Health
 and Safety Code Sections 39669.5 et seq.).  The revised document
 also updates the approach to assessing dermal exposure.

A draft version of this TSD was released for public comment on
 November 7, 2011, and was discussed at public workshops in
 Oakland and Diamond Bar, CA in December 2011. The document
 was then revised to reflect public comments, and peer reviewed by
 the State’s Scientific Review Panel on Toxic Air Contaminants
 (SRP).  It was initially presented to the SRP on April 5, 2012.  A
 revised version of the document reflecting comments of the SRP was
 discussed at a second meeting held on June 25, 2012.  At the latter
 meeting, the SRP approved the document describing the RELs and
 their derivation, subject to some additional editorial changes which
 have been incorporated into the final version.

Download the document Air Toxics Hot Spots Program Risk
 Assessment Guidelines: Technical Support Document for Exposure
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3 Daily Breathing Rates  

3.1 Introduction 

This chapter presents age-specific breathing rates for use in health risk assessments for 
short-term exposure to maximum 1-hour facility emissions and for long-term daily 
average exposures resulting from continuous or repeated 8-hour exposure.  The 
specified age ranges of interest in the “Hot Spots” program are ages third trimester, 
0<2, 2<9, 2<16, 16<30 and 16-70 years.   

The term ventilation rate has been frequently used for the metric of volume of air 
inhaled per minute (i.e., mL/min) and is used in this document to describe short-term, 
one hour exposures.  For convenience, the term “breathing rate” is applied throughout 
this chapter for chronic daily exposure, both to the metric of volume of air inhaled per 
day (L/day) and the volume of air inhaled per kg body weight per day (L/kg-day).  The 
normalized daily breathing rate in L/kg-day is the preferred metric for use in the “Hot 
Spots” program.  The term “respiratory rate” is not used in this chapter interchangeably 
with “breathing rate” because respiratory rate usually represents the number of breaths 
taken per unit time, and not the volume of air taken in per unit time. 

The 8-hour breathing rates were developed for specialized exposure scenarios that 
involve exposures only during facility operations of about 8-12 hours/day.  Eight-hour 
breathing rates reflect exposures to off-site workers or exposures that may occur in 
schools when class is in session.  Ventilation rates for 1-hour exposure were developed 
to meet the SB-352 mandate for school districts to conduct a risk assessment at school 
sites located within 100 meters of a freeway or busy roadway.  These ventilation rates 
were developed for exposures to 1-hour maximum facility emissions that may occur 
during passive activities such as sitting at a desk during class instruction or during 
higher intensity activities such as play during recess.   

OEHHA recommends the breathing rates presented in Section 3.2.  Various published 
methods for deriving daily breathing rates and their advantages and limitations are 
discussed in Sections 3.3 to 3.7.  Where possible, the breathing rates from these 
reports were re-evaluated to correspond with the five specific age groups used in 
OEHHA’s risk assessment guidelines.   

At elevations above 5000 feet, the ventilation rate will increase due to lower air pressure 
(NOLS, 2012).  The respiratory rate at this elevation peaks at one week and then slowly 
decreases over the next few months, although it tends to remain higher than its normal 
rate at sea level.  There have been a few facilities located at 5000 feet or higher that 
have been required to produce a Hot Spots risk assessment.  However, long-term 
residents at high altitude will have breathing rates near what is found in residents at sea 
level.  OEHHA does not anticipate any adjustments will be needed to the breathing 
rates at higher altitudes in California, although the Districts should consider this issue 
and adjust if needed for very high altitude facilities. 
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3.2 Breathing Rate Recommendations 

3.2.1 Long-Term Breathing Rates 

The recommended long-term daily breathing rate point estimates in Table 3.1 are based 
on a mean of two different methods used to determine daily breathing rates, the doubly 
labeled water method and an energy intake approach based on food consumption data 
from the Continuing Survey of Food Intake of Individuals (CSFII) (See Section 3.5.5).  
These methods are described in detail below.  The recommended distributions for 
stochastic analysis are presented in Tables 3.2a-b.  The breathing rates normalized to 
body weight are expressed in L/kg-day, and the non-body weight-normalized breathing 
rates are expressed in m3/day.  All values were rounded to two or three significant 
figures.  

Table 3.1.  Recommended Point Estimates for Long-Term Daily 
Breathing Rates 

 3rd 
Trimester 

 

0<2 
years 

2<9 
years 

2<16 
years 

16<30 
years 

16<70 
years 

 L/kg-day 
Mean 225 658 535 452 210 185 
95th 
Percentile 

361 1090 861 745 335 290 

 m3/day 
Mean 15.3 6.2 10.7 13.3 15.0 13.9 
95th 
Percentile 

23.4 11.2 16.4 22.6 23.5 22.9 

OEHHA calculated mean and high end breathing rates for the third trimester assuming 
the dose to the fetus during the third trimester was the same as that to the mother. 
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TABLE 3.2a.  Recommended Breathing Rate Distributions (L/kg-day) by 
Age Group for Stochastic Analysis 

 3rd 
Trimester 

0<2 
years 

2<9 
years 

2<16 
years  

16<30 
years 

16-70 
years 

Distribution Max 
extreme 

Max 
extreme 

Max 
extreme 

Log-
normal 

Logistic Logistic 

Minimum 78 196 156 57 40 13 
Maximum 491 2,584 1,713 1,692 635 860 
Scale 59.31 568.09 125.59  40.92 36.19 
Likeliest 191.50 152.12 462.61    
Location    -144.06   
Mean 225 658 535 452 210 185 
Std Dev 72 217 168 172 75 67 
Skewness 0.83 2.01 1.64 1.11 0.83 1.32 
Kurtosis 3.68 10.61 7.88 6.02 5.17 10.83 
       
Percentiles       
       
5% 127 416 328 216 96 86 
10% 142 454 367 259 118 104 
25% 179 525 427 331 161 141 
50% 212 618 504 432 207 181 
75% 260 723 602 545 252 222 
80% 273 758 631 572 261 233 
90% 333 934 732 659 307 262 
95% 361 1090 861 745 335 290 
99% 412 1430 1,140 996 432 361 
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TABLE 3.2b.  Recommended Breathing Rate Distributions (M3/day) by 
Age Group for Stochastic Analysis 

 3rd 
Trimester 

0<2 
years 

2<9 
years 

2<16 
years  

16<30 
years 

16-70 
years 

Distribution Logistic Log-
normal 

Log-
normal 

Log-
normal 

Logistic Log-
normal 

Minimum 4.0 0.8 2.7 2.7 1.5 1.8 
Maximum 29.0 20.1 31.7 52.3 75.4 75.4 
Scale 2,403.72    2,992.97  
Location  -650.7 -1,072.8 598.9  -8,251.3 
Mean 15.1 6.2 10.7 13.3 15.0 13.9 
Std Dev 4.3 2.6 3.1 4.9 5.4 5.4 
Skewness 0.48 1.06 0.912 1.39 1.16 1.42 
Kurtosis 3.73 4.69 5.18 7.14 12.22 11.19 
       
Percentiles       
       
5% 8.6 2.9 6.1 6.9 6.4 6.3 
10% 10.4 3.3 6.9 8.1 8.5 7.6 
25% 12.3 4.4 8.5 9.9 11.8 10.3 
50% 15.1 5.8 10.4 12.3 14.7 13.6 
75% 17.6 7.6 12.4 15.9 18.0 16.8 
80% 18.2 8.1 13.0 16.7 18.9 17.6 
90% 21.4 9.6 14.8 19.5 21.5 20.1 
95% 23.4 11.2 16.4 22.6 23.5 22.9 
99% 28.8 13.9 20.0 28.1 29.9 28.0 

3.2.2 Eight-hour Breathing Rate Point Estimates 

The 8-hour breathing rates are based on minute ventilation rates derived by U.S. EPA 
(2009).  The minute ventilation rates, presented in Section 3.6, were multiplied by 480 
(60 min x 8) to generate 8-hour breathing rate point estimates shown in Table 3.3.  The 
8-hour breathing rates may be useful for cancer risk assessment for the off-site worker 
exposure scenario, and school exposures to facility emissions.  They may also be 
useful for evaluating residential exposures where the facility operates non-continuously.  
The 8-hour breathing rates vary depending on the intensity of the activity.  Exposed 
individuals may be engaged in activities ranging from watching TV to desk work, which 
would reflect breathing rates of sedentary/passive or light activities, to yard work or farm 
worker activities, which would reflect breathing rates of moderate intensity or greater.  
Breathing rates resulting from high intensity activities generally cannot be sustained for 
an 8-hour period (see Section 3.6). 

OEHHA recommends using point estimate 8-hour breathing rates in L/kg-8-hrs based 
on the mean and 95th percentile of moderate intensity activities, 170 and 230 L/kg-8-hrs, 
respectively, for adults 16-70 yrs old.  Point estimates for lower breathing rates of 
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sedentary/passive and light intensity work activities may be used in site-specific 
scenarios (i.e., work in which activity is limited to desk jobs or similar work).  Pregnant 
women will generally participate in lower intensity activities than non-pregnant women, 
but as shown in Tables 3.1 and 3.2, breathing rate normalized to body weight will be 
slightly greater than breathing rates of adult men and non-pregnant women combined.  
OEHHA recommends using the mean and 95th percentile 8-hour breathing rates based 
on moderate intensity activity of 16<30 year-olds for third trimester women. 

Table 3.3a.  Eight Hour Breathing Rate (L/kg-8 Hr) Point Estimates for 
Males and Females Combined 

 0<2 years 2<9 years 2<16 
years 

16<30 
years 

16-70 
years 

 Sedentary & Passive Activities (METS < 1.5) 
Mean 200 100 80 30 30 
95th Percentile 250 140 120 40 40 
 Light Intensity Activities (1.5 < METs < 3.0) 
Mean 490 250 200 80 80 
95th Percentile 600 340 270 100 100 
 Moderate Intensity Activities (3.0 < METs < 6.0) 
Mean 890 470 380 170 170 
95th Percentile 1200 640 520 240 230 

Table 3.3b.  Eight-Hour Breathing Rate (M3/8-Hr) Point Estimates for 
Males and females Combined 

 0<2 years 2<9 years 2<16 
years 

16<30 
years 

16-70 
years 

 Sedentary & Passive Activities (METS < 1.5) 
Mean 1.86 2.24 2.37 2.33 2.53 
95th Percentile 2.69 2.99 3.20 3.23 3.34 
 Light Intensity Activities (1.5 < METs < 3.0) 
Mean 4.61 5.44 5.66 5.72 6.03 
95th Percentile 6.51 7.10 7.52 7.75 7.80 
 Moderate Intensity Activities (3.0 < METs < 6.0) 
Mean 8.50 10.20 10.84 12.52 12.94 
95th Percentile 12.36 13.47 14.52 18.08 18.07 

3.2.3 Short-term (1-Hour) Ventilation Rate Point Estimates 

One-hour ventilation rates (Tables 3.4a-b) were calculated from U.S. EPA (2009) 
minute ventilation rates (e.g., minute ventilation rate x 60) to meet the SB-352 mandate 
for school districts to conduct a risk assessment for school sites located within 100 M of 
a freeway or busy roadway.  These ventilation rates allow assessment of exposures to 
facility emissions during the course of the school day.  
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The age groups for children mostly deviate from those child age groupings designed for 
AB2588.  The age groups attempt to address specific school categories (e.g., 
kindergarten, grade school, high school) under SB-352.  However, if 1-hr ventilation 
rates are required that fit the AB2588 age groups, 1-hr ventilation rates can be 
calculated from the 8-hr breathing rates shown in Tables 3.28a-b.   

Table 3.4a.  One-Hour Breathing Rates for SB352 School Sites in L/kg-60 
min (Males and Females Combined) 

 0<2  
Years 

2<6  
years 

6<11 
years 

11<16 
years 

16-70 
years 

 Sedentary & Passive Activities (METS < 1.5) 
Mean 25 17 10 6 4 
95th Percentile 31 23 14 8 5 
 Light Intensity Activities (1.5 < METS < 3.0) 
Mean 61 41 23 14 10 
95th Percentile 75 54 32 19 13 
 Moderate Intensity Activities (3.0 < METS < 6.0) 
Mean 110 76 44 28 21 
95th Percentile 140 100 62 39 29 
 High Intensity Activities (METS ≥ 6.0) 
Mean - 140 82 55 38 
95th Percentile - 190 110 80 56 

Table 3.4b.  One-Hour Breathing Rates for SB352 School Sites in M3/60 
min (Males and Females Combined) 

 0<2  
Years 

2<6  
years 

6<11 
years 

11<16 
years 

16-70 
years 

 Sedentary & Passive Activities (METS < 1.5) 
Mean 0.23 0.27 0.29 0.33 0.32 
95th Percentile 0.34 0.36 0.39 0.45 0.42 
 Light Intensity Activities (1.5 < METS < 3.0) 
Mean 0.58 0.68 0.68 0.76 0.75 
95th Percentile 0.81 0.86 0.91 1.03 0.97 
 Moderate Intensity Activities (3.0 < METS < 6.0) 
Mean 1.06 1.25 1.30 1.50 1.62 
95th Percentile 1.54 1.63 1.73 2.05 2.26 
 High Intensity Activities (METS ≥ 6.0) 
Mean - 2.24 2.49 2.92 3.01 
95th Percentile - 2.98 3.51 4.18 4.39 

For children at school, MET activity levels equivalent to sitting at a desk during 
instruction and outside at play can be used as guidance for determining 1-hour 
breathing rates.  As shown in Table 3.26 below, sitting was assigned a MET of 1.5, 
while play outdoors, recess and physical education had mean MET values in the range 
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of 4.5 to 5.0 (U.S. EPA, 2009).  Thus, 1-hour breathing rates based on 
sedentary/passive or light activities to represent activities within the class room and 
moderate intensity activities to represent activities during recess and some physical 
education classes, are recommended. 

U. S. EPA (2009) also determined ventilation rates for high intensity activities with MET 
values > 6.0.  The distributions generated by U.S. EPA for hrs/day spent at MET values 
≥6.0 for infants (age 0<2 yrs) suggests that this level of activity is unlikely for this age 
group.  However, there is a subgroup of children in the older child age groups that 
exercise at this level for at least one hr/day, although this level of activity may not 
happen all in one hour’s time.  OEHHA recommends using 1-hr high intensity ventilatory 
rates for after-school sports and training that require high energy output such as track, 
football, tennis etc.  This MET category may also be used for demanding sports during 
physical education classes. 

3.3 Estimation of Daily Breathing Rates 

3.3.1 Inhalation Dose and Cancer Risk 

The approach to estimating cancer risk from long-term inhalation exposure to 
carcinogens requires calculating a range of potential doses and multiplying by cancer 
potency factors in units of inverse dose to obtain a range of cancer risks.  This range 
reflects variability in exposure rather than in the dose-response.  In equation 3-1, the 
daily breathing rate (L/kg BW-day) is the variate which is varied for each age group. 

The general algorithm for estimating dose via the inhalation route is as follows: 

 DOSEair  = Cair × [BR/BW] × A × EF × (1 x 10-6) (Eq. 3-1) 

where: 
 DOSEair = dose by inhalation (mg/kg BW-day) 
 Cair = concentration in air (µg/m3) 
 [BR/BW] = daily breathing rate normalized to body weight (L/kg BW-day) 
 A  = inhalation absorption factor, if applicable (default = 1) 
 EF  = exposure frequency (days/365 days) 
 1 x 10-6 = conversion factors (µg to mg, L to m3) 

The inhalation absorption factor (A) is a unitless factor that is only used if the cancer 
potency factor itself includes a correction for absorption across the lung.  It is 
inappropriate to adjust a dose for absorption if the cancer potency factor is based on 
applied rather than absorbed dose.  The exposure frequency (EF) is set at 350 days per 
year (i.e., per 365 days) to allow for a two week period away from home each year.(US 
EPA, (1991).  Another factor may come into consideration in the inhalation dose 
equation, the fraction of time at home (FAH).  See Chapter 11 for more details. 
For cancer risk, the risk is calculated for each age group using the appropriate age 
sensitivity factors (ASFs) and the chemical-specific cancer potency factor (CPF), 
expressed in units of (mg/kg-day)-1. 
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RISKair = DOSEair *CPF*ASF*ED/AT (Eq. 3-2) 

RISK is the predicted risk of cancer (unitless) over a lifetime as a result of the exposure, 
and is usually expressed as chances per million persons exposed (e.g., 5 x 10-6 would 
be 5 chances per million persons exposed).   

The dose-response phase of a cancer risk assessment aims to characterize the 
relationship between an applied dose of a carcinogen and the risk of tumor appearance 
in a human.  This is usually expressed as a cancer potency factor, or CPF, in the above 
equation.  The CPF is the slope of the extrapolated dose-response curve and is 
expressed as units of inverse dose (mg/kg-d)-1, or inverse concentration (µg/m3)-1. 

Exposure duration (ED) is the number of years within the age groupings.  In order to 
accommodate the use of the ASFs (OEHHA, 2009), the exposure for each age grouping 
must be separately calculated.  Thus, the DOSEair and ED are different for each age 
grouping.  The ASF, as shown below, is 10 for the third trimester and infants 0<2 years 
of age, is 3 for children age 2<16 years of age, and is 1 for adults 16 to 70 years of age.   
   ED = exposure duration (yrs): 
    0.25 yrs for third trimester  (ASF = 10) 
    2 yrs for 0<2 age group  (ASF = 10) 
    7 yrs for 2<9 age group  (ASF = 3) 
    14 yrs for 2<16 age group  (ASF = 3) 
    14 yrs for 16<30 age group (ASF = 1) 
    54 yrs for 16-70 age group  (ASF = 1) 

AT, the averaging time for lifetime cancer risks, is 70 years in all cases.  To determine 
lifetime cancer risks, the risks are then summed across the age groups: 

RISKair(lifetime)   = RISKair(3rdtri) + RISKair(0<2 yr) + RISKair(2<16 yr) + RISKair(16-70yr)
 (Eq. 3-3) 

As explained in Chapter 1, we also need to accommodate cancer risk estimates for the 
average (9 years) and high-end (30 years) length of time at a single residence, as well 
as the traditional 70 year lifetime cancer risk estimate.  For example, assessing risk in a 
9 year residential scenario assumes exposure during the most sensitive period, from the 
third trimester to 9 years of age and would be presented as follows: 

RISKair(9-yr residency)   =  RISKair(3rdtri) + RISKair(0<2 yr) + RISKair(2<9 yr)  
           (Eq. 3-4) 

For 30-year residential exposure scenario, the 2<16 and 16<30 age group RISKair 
would be added to the risk from exposures in the third trimester and ages 0<2yrs.  For 
70 year residency risk, Eq 3-3 would apply. 

3.3.2 Methods for Estimating Daily Breathing Rates 

Two basic techniques have been developed to indirectly estimate daily breathing rates:  
the time-activity-ventilation (TAV) approach and an energy expenditure derivation 
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method.  Ideally, daily breathing rates would be directly measured.  However, the 
equipment for direct measurement is bulky and obtrusive and thus impractical for 
measuring breathing rates over an entire 24-hour period, especially on children 
performing their typical activities.  Thus, ventilation measurements are typically taken for 
shorter time periods under specific conditions (e.g., running or walking on a treadmill). 

The TAV approach relies on estimates or measurements of ventilation rates at varying 
physical activity levels, and estimates of time spent each day at those activity levels.  An 
average daily breathing rate is generated by summing the products of ventilation rate 
(L/min) and time spent (min/day) at each activity level.   

The second approach derives breathing rates based on daily energy expenditure and 
was first proposed by Layton (1993).  Layton reasoned that breathing rate is primarily 
controlled by the amount of oxygen needed to metabolically convert food into energy 
the body can use.  Because the volume of oxygen required to produce one kcal of 
energy and the ratio of the volume of oxygen consumed to the volume of air inhaled per 
unit time are both constant values, the amount of energy a person expends is directly 
proportional to the volume of air the person breathes.  Layton (1993) developed an 
equation that models this relationship and that can be used to derive breathing rates 
from energy expenditure data: 

VE = H × VQ × EE       (Eq. 3-5) 
where: 

 VE = the volume of air breathed per day (L/day),  
   H = the volume of oxygen consumed to produce 1 kcal of energy (L/kcal),  
VQ = the ratio of the volume of air to the volume of oxygen breathed per unit  

time and is referred to as the breathing equivalent (unitless) 
 EE = energy (kcal) expended per day 

Layton calculated an H value of 0.21 L/kcal for noninfant children.  Arcus-Arth and 
Blaisdell (2007) calculated essentially the same H value of 0.22 L/kcal from data of 
non -breastfed infants based on food surveys.  For VQ, Layton calculated a value of 27 
from adult data.  Children have different respiratory minute ventilation rates, as well as 
other respiratory parameter values, relative to adults.  Therefore, children’s VQ values 
can be different from those of adults.  Arcus-Arth and Blaisdell (2007) calculated VQ 
values for children from which daily breathing rates can be derived (Table 3.5). 
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 Table 3.5. Mean VQ Values Calculated for Children  

 Weighted 
mean VQ 

Recommended 
VQ 

Infants 0-11 mo. nda 33.5 
Boys & girls 1-3 yrs nda 33.5 
Boys & girls 4-8 yrs 33.5 33.5 
Boys 9-18 yrs 30.6 30.6 
Girls 9-18 yrs 31.5 31.5 

  a Insufficient or no data 

Three variations of estimating EE have been used based on conversion of metabolic 
energy to derive a breathing rate: (1) from the caloric content of daily food intake, (2) as 
the product of basal metabolic rate (BMR) and ratios of average daily energy 
expenditure to BMR, and (3) as time-weighted averages of energy expenditure 
(expressed as multiples of BMR) across different levels of physical activity during the 
course of a day.  Published reports applying these variations in metabolic energy 
conversion to arrive at breathing rates using Layton’s equation are summarized below. 

In addition to using energy intake data with Layton’s method to derive breathing rates, 
an approach called the doubly labeled water (DLW) technique has also been used to 
derive total energy expenditure and is summarized below.  The DLW data have been 
shown to be quite accurate, but the approach has only been applied to specific 
sub-populations.   

3.4 Available Daily Breathing Rate Estimates 

There are a number of sources of information on daily breathing rates for various age 
groups and other subpopulations that have been derived via the methods described 
above.  Some sources have compiled breathing rates from other studies.   

3.4.1 Traditional Breathing Rate Estimation 

The book Reference Man (Snyder et al., 1975), a report by the International 
Commission on Radiological Protection (ICRP), presents breathing rates based on 
about 10 limited studies.  Using an assumption of 8 hour (hr) resting activity and 16 hr 
light activity and the breathing rates (see Table 3.6), ICRP recommended daily 
breathing rates of 23 m3/day for adult males, 21 m3/day for adult females, and 15 
m3/day for a 10 year old child.  In addition, assuming 10 hr resting and 14 hr light 
activity each day, ICRP recommends a daily breathing rate of 3.8 m3/day for a 1 year 
old.  Finally, assuming 23 hr resting and 1 hr light activity, ICRP recommends a daily 
breathing rate of 0.8 m3/day for a newborn.  The breathing rates estimated by the ICRP 
used sources that had a small sample size and were limited in scope.  Table 3.6 is the 
minute volume data upon which the daily breathing rates were based. 
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Table 3.6.  Minute Volumes from ICRP’S Reference Man a 

 Resting 
L/min (m3/hr) 

Light Activity 
L/min (m3/hr) 

Adult male 7.5  (0.45) 20 (1.2) 
Adult female 6.0  (0.36) 19 (1.14) 
Child, 10 yr 4.8  (0.29) 13 (0.78) 
Child, 1 yr 1.5  (0.09) 4.2 (0.25) 
Newborn 0.5  (0.03) 1.5 (0.09) 

a Data compiled from available studies measuring minute  
volume at various activities by age/sex categories 

This report provided the approach used in traditional risk assessment, in that a single 
estimate of daily breathing was employed, often 20 m3/day for a 70-kg person. 

3.4.2 Daily Breathing Rate Estimates Based on Time-Activity-Ventilation (TAV) 
Data  

 Marty et al. (2002) 3.4.2.1

Marty et al. (2002) derived California-specific distributions of daily breathing rates using 
estimates and measurements of ventilation rates at varying physical activity levels, and 
estimates of time spent each day at those activity levels.  Two activity pattern studies 
were conducted in which activities of a randomly sampled population of 1762 adults and 
1200 children were recorded retrospectively for the previous 24 hours via telephone 
interview (Phillips et al., 1991; Wiley et al., 1991a; Wiley et al., 1991b; Jenkins et al., 
1992).  Measured breathing rates in people performing various laboratory and field 
protocols were conducted by Adams et al. (1993).  The subjects in this study were 160 
healthy individuals of both sexes, ranging in age from 6 to 77 years.  An additional forty 
6 to 12 year olds and twelve 3 to 5 year olds were recruited for specific protocols. 

For adults, each activity was assigned to a resting, light, moderate, moderately heavy, 
or heavy activity category to reflect the ventilation rate that could reasonably be 
associated with that activity.  For children there were only resting, light, moderate, and 
heavy activity categories.  The ventilation rates were classified into similar levels 
(e.g., the lying down protocol was considered the resting category of ventilation rate).  
The measured ventilation for each individual in the lab and field protocols was divided 
by that person’s body weight.  For each individual, the time spent at each activity level 
was summed over the day.  The mean ventilation rate for each category (resting, etc.) 
was then multiplied by the summed number of minutes per day in that category to 
derive the daily breathing rate for each category.  The breathing rates were then 
summed over categories to give a total daily breathing rate.  The moments and 
percentiles for the raw derived breathing rates as well as for the breathing rates fit to a 
gamma distribution are presented in Tables 3.7 and 3.8 for the combined group of 
adolescents and adults (i.e., >12 years age) and for children (<12 years age).  OEHHA 
staff also derived distributions of breathing rates for the equivalent of a 63-kg adult and 
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an 18-kg child.  These breathing rates form the basis of the current risk assessment 
guidelines (OEHHA, 2000), which this document is revising. 

Table  3.7  Children’s (<12 Years) Daily Breathing Rates (L/Kg-Day) 

 Moments and 
Percentiles 

from Empirical 
Data 

Moments and 
Percentiles, Fitted 
Gamma Parametric 

Model  

Breathing Rate 
Equivalent for a 18 
kg Child, m3/Day  
(Empirical Data) 

    
N 1200   
Mean  452 451 8.1 
Std Dev 67.7 66.1 1.22 
Skewness 0.957 0.9  
Kurtosis 1.19 4.32  
    
%TILES L/kg-day   
    
1% 342.5 (not calculated) 6.17 
5% 364.5 360.3 6.56 
10% 375 374.9 6.75 
25% 401.5 402.7 7.23 
50% 441 440.7 7.94 
75% 489.5 488.4 8.81 
90% 540.5 537.9 9.73 
95% 580.5 572.1 10.5 
99% 663.3 (not calculated) 11.9 
Sample Max  747.5  13.5 
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Table 3.8  Adult/Adolescent (>12 Years) Breathing Rates (L/kg-Day) 

 Moments and 
Percentiles 

from Empirical 
Data 

Moments and 
Percentiles, Fitted 
Gamma Parametric 

Model  

Breathing Rate 
Equivalent for a 63 
kg Adult, m3/Day  

 
    
N 1579   
Mean 232 233 14.6 
Std Dev 64.6 56.0 4.07 
Skewness 2.07 1.63  
Kurtosis 6.41 6.89  
    
%TILES L/kg-day   
    
1% 174 (Not calculated) 11.0 
5% 179 172.3 11.3 
10% 181 178.0 11.4 
25% 187 192.4 11.8 
50% 209 218.9 13.2 
75% 254 257.9 16.0 
90% 307 307.8 19.3 
95% 381 342.8 24.0 
99% 494.0 (Not calculated) 31.1 
Sample Max 693  43.7 

Advantages of these rates are that the activity pattern data were from a large randomly 
sampled population of California adults and children, and that ventilation rates were 
normalized by body weight for each individual in the ventilation rate study.  However, 
body weight information was not available for the activity pattern subjects.  Measured 
breathing rates during specified activities were also collected from California 
participants with the intention that the data would be used in conjunction with the activity 
pattern data to derive daily breathing rates. 

Limitations include the use of one-day activity pattern survey data that may tend to 
overestimate long-term daily breathing rates because both intraindividual variability and 
interindividual variability are poorly characterized.  However, intraindividual variability is 
believed to be small relative to interindividual variability, which would make the 
breathing rate distributions reasonably accurate for chronic exposure assessment.  
Despite these limitations, the derived breathing rates were reasonably similar to those 
measured by the doubly-labeled water method (described in (OEHHA, 2000)). 

Because the time-weighted average method involves professional judgment in 
assigning a breathing rate measured during a specific activity to various other types of 
activities, some uncertainty is introduced into the resulting daily breathing rates.  Lastly, 
there is a paucity of breathing rate data for specific activities in children in the 3 to 6 
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year age range, and no data for children and infants younger than 3 years old.  Thus, 
only a broad age range (i.e., < 12 years old) could be used for estimating daily breathing 
rates in children.  Daily breathing rates cannot be reliably estimated from this study for 
children and infants over narrow age ranges, such as the critical 0<2 year age group. 

 Allan et al. (2008) 3.4.2.2

Allan et al. (2008) also estimated breathing rates for specified age groups by the TAV 
approach, but employed a greater number of time-activity data sets than that used by 
Marty et al. (2002).  This study updated TAV inhalation rate distributions from a previous 
report by Allan and Richardson (1998) by incorporating supplemental minute volume 
and time-activity data, and by correlating minute volume with metabolic equivalents 
(METs) for performing the physical activities at the time of measurement.  Published 
time-activity and minute volume data used by Marty et al. (2002) were also used by the 
authors to develop the distributions (Wiley et al., 1991a; Wiley et al., 1991b; Adams, 
1993), but also a number of other reports primarily conducted in the USA and Canada. 

Their TAV approach calculated mean expected breathing rates for five different activity 
levels (i.e., level 1 – resting; level 2 – very light activity; level 3 – light activity; level 4 – 
light to moderate activity, level 5 – moderate to heavy activity).  For infants, only three 
levels of activity were defined (i.e., sleeping or napping, awake but not crying, and 
crying).   

Probability density functions describing 24-hour inhalation rates were generated using 
Monte Carlo simulation and can be described with lognormal distributions.  Table 3.9 
presents the estimated breathing rates in m3/day for males and females (combined) by 
age groupings commonly used in Canada for risk assessment purposes.  In their report, 
Allan et al. (2008) also provided breathing rates for males and females separately.  
However, breathing rate distributions adjusted for body weight (m3/day-kg) were not 
included in the report. 

Table 3.9.  Allan et al. (2008) TAV-Derived Daily Breathing Rates 
(m3/Day) for Males And Females Combined  

Age Category 
 

Males and Females Combined (m3/day) 
Mean + SD 50%-ilea 90%-ilea 95%-ilea 

Infants (0-6 mo)  2.18 + 0.59 2.06 2.87 3.12 
Toddlers (7 mo-4 yr) 8.31 + 2.19 7.88 10.82 11.72 
Children (5-11 yr) 14.52 + 3.38 13.95 18.49 19.83 
Teenagers (12-19 yr)  15.57 + 4.00 14.80 20.09 21.69 
Adults (20-59 yr)  16.57 + 4.05 15.88 21.30 22.92 
Seniors (60+ yr)  15.02 + 3.94 14.35 19.72 21.36 

a Percentiles provided courtesy of Allan (e-mail communication) 

Allan et al. (2008) compared the breathing rate distribution derived by the DLW method 
(see below, Table 3.12) to their TAV breathing rate probability density function results 
and found that there appeared to be longer tails in the upper bounds for all age groups 
except teenagers and infants for the TAV method, suggesting the TAV distribution gives 
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a better representation of the more exposed members of the population such as 
athletes.  For teenagers, the TAV and DLW distributions show considerable overlap.  
But for infants, lower breathing rates were observed by the TAV approach compared 
with the DLW approach.  The authors could not explain this discrepancy.  Unlike the 
Marty et al. (2002) study, daily breathing rates could be estimated in infants and 
toddlers.  However, there is still a shortage of TAV data in children in the younger age 
groups relative to adults. 

Uncertainty was reduced by grouping activities by expected METs.  However, Allen et 
al. (2008) noted that there is still uncertainty about actual physical exertion at an activity 
level because of the way some source studies grouped activities (e.g., grouping walking 
with running).  Uncertainty was also reduced by using, wherever possible, studies that 
documented all activities over a multi-day period rather than studies that considered 
only a few hours of behavior.  Nevertheless, there is some uncertainty in combining 
data from disparate studies and in assigning ventilation rates to activities that are not 
described by energy expenditure levels.  In particular, interpolations and extrapolations 
were used to fill in minute volume data gaps and may have resulted in overestimates or 
underestimates.  For example, minute volume data for some activity levels in toddlers 
and children were considered insufficient to adequately characterize their minute 
volumes.   

3.4.3 Daily Breathing Rate Estimates Based on Energy Expenditure  

As discussed above, Layton (1993) developed a mathematical equation to estimate 
daily breathing rates based on energy expenditure.  The paper also presented 
examples of breathing rates that had been derived using this method.   

 Layton (1993) 3.4.3.1

Layton took three approaches to estimating breathing rates from energy estimates.  The 
first approach used the U.S.D.A.’s National Food Consumption Survey (1977-78) data 
to estimate energy (caloric) intake.  The National Food Consumption Survey used a 
retrospective questionnaire to record three days of food consumption by individuals in 
households across the nation, and across all four seasons.  Layton recognized that food 
intake is underreported for individuals 9 years of age and older in these surveys and 
therefore adjusted the reported caloric intake for these ages.  These data are no longer 
the most current population based energy intake data available.  Further, the breathing 
rates are not normalized to body weight.   

The second approach to estimating breathing rates multiplied the BMR estimated for a 
given age-gender group by the estimated ratio of energy intake to basal metabolic rate 
(EFD/BMR) for that age-gender group.  The BMR can be determined as a linear 
function of body weight, after accounting for gender and age.  An activity multiplier can 
then be applied which is derived from previously reported ratios of daily food intake to 
BMR.  The advantages of this approach include linking breathing rates to BMR, which is 
valuable since breathing rates are considered to be determined primarily by BMR.   



Technical Support Document for Exposure Assessment and Stochastic Analysis, 
FINAL, August, 2012 

3-16 
 

However, the BMR for each age-gender group was calculated from equations derived 
from empirical but non-representative data.  Further, these data were collected using 
techniques that may be outdated (e.g., for the 0-3 year age group, 9 of the 11 studies 
were conducted between 1914 and 1952).  These data may no longer be representative 
of the current population.  The EFD/BMR ratios for males and females over 18 years of 
age were estimated from data collected over one year in one study while those for other 
age groups were estimated based on the consistency of the value in calculating energy 
expenditures similar to other studies.  Average body weights do not capture the 
variability of body weights in the population.  Thus the BMR values may not be as 
accurate as current technology can provide nor are they representative of the 
population.   

Layton’s third approach to calculate daily breathing rates involves the metabolic 
equivalent (MET) approach, which is a multiple of the BMR and reflects the proportional 
increase in BMR for a specific activity.  For example, the MET for standing is 1.5 (i.e., 
1.5*BMR), and the MET for cycling and swimming is 5.3.  Layton categorized METs into 
5 levels (from light activity with a MET = 1 to very strenuous activities with a MET = 10).  
MET levels were then assigned to each activity in a study that had categorized activities 
by energy expenditure level and recorded the time study participants spent at each 
activity.  The energy expended at each activity was converted to a breathing rate and 
then summed over the day to give a daily breathing rate.  However, the time-activity 
data used in this approach were only available for ages over 18 years.   

The results of Layton’s approaches are presented in Table 3.10.  Layton did not report 
statistical distributions of the breathing rates that he derived.  Other limitations, for our 
purposes, are that the breathing rates in Table 3.6 are not representative of the current 
U.S. population, are not normalized to body weight, and were for broad age ranges.  In 
addition, no distributions were reported in the paper. 

Table 3.10.  Layton (1993) Estimates of Breathing Rate Based on Caloric 
and Energy Expenditure 

Method Breathing Rate – Men  
m3/day 

Breathing Rate – Women 
m3/day 

Time-weighted average 
lifetime breathing rates 
based on food intake 

 
14 

 
10 

Average daily breathing 
rates based on the ratio of 
daily energy intake to BMR 

13-17  
(over 10 years of age) 

9.9-12  
(over 10 years of age) 

Breathing rates based on 
average energy 
expenditure 

 
18 

 
13 

Finley et al. (1994) presented probability distributions for several exposure factors, 
including inhalation rates.  Based on the data Layton used to derive point estimates via 
his third approach (i.e., with energy expenditure equivalent to a multiple of BMR), Finley 
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et al. (1994) expanded on Layton’s results to develop a probability distribution for 
breathing rate for several age groups (Table 3.11).   

Table  3.11.  Selected Distribution Percentiles from Finley et al. (1994) 
for Breathing Rates by Age  

Age Category 
(years) 

Percentile (m3/day) 
50th 90th 95th 

<3 4.7 6.2 6.7 
3 -10 8.4 10.9 11.8 
10 – 18 13.1 17.7 19.3 
18 – 30 14.8 19.5 21.0 
30 – 60 11.8 15.4 16.7 
>60 11.9 15.6 16.7 

Because Finley largely used the same data as Layton to develop breathing rate 
distributions, the same limitations apply.  

 Arcus-Arth and Blaisdell (2007) 3.4.3.2

Arcus-Arth and Blaisdell (2007) derived daily breathing rates for narrow age ranges of 
children and characterized statistical distributions for these rates.  The rates were 
derived using the metabolic conversion method of Layton (1993) and energy intake data 
(calories consumed per day) from the Continuing Survey of Food Intake of Individuals 
(CSFII) 1994–1996, 1998 conducted by the USDA (2000).  The CSFII provided the 
most recent population based energy data at the time.  The CSFII dataset consisted of 
two days of recorded food intake for each individual along with self-reported body 
weights.  The individual data allowed for the assessment of interindividual variability.  
Because one-day intakes may be less typical of average daily intake, the two-day 
intakes were averaged to obtain a better estimate of typical intake available from these 
limited repeated measures.  The CSFII energy intakes were weighted to represent the 
U.S. population.  The rates were intended to be more representative of the current U.S. 
children’s population than prior rates that had been derived using older or non-
representative data. 

The premise for Layton’s equation is that breathing rate is proportional to the oxygen 
required for energy expenditure.  While there are no energy expenditure data that are 
representative of the population, there are population representative energy intake data 
(i.e., calories consumed per day).  Energy intake data can be used in Layton’s equation 
when energy intake equals energy expenditure.  Energy intake is equal to energy 
expended when the individual is neither gaining nor losing body weight (i.e., all energy 
intake is expended).  Because the percentage of daily energy intake that is needed to 
result in a discernible change in body weight for adults is very small, it can be assumed 
that for adults energy intake equals energy expended.  However, in young infants, a 
significant portion of their daily energy intake is deposited in new tissue (e.g., adipose, 
bone and muscle).  The deposited energy is referred to as the energy cost of deposition 
(ECD).  Therefore, the daily energy intake needed for normal growth of infants is used 
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both for energy expenditure (EE) and ECD (i.e., energy intake = EE + ECD).  If the 
breathing rate is to be estimated by the caloric intake approach for growing infants, the 
ECD must be subtracted from the total daily energy intake in order to determine an 
accurate breathing rate. 

Accounting for the ECD is primarily important for newborn infants (Butte et al., 1990; 
Butte et al., 2000).  For example, at ages 3 and 6 months the energy cost for growth 
constituted 22 and 6%, respectively, of total energy requirements.  In older children the 
energy cost is only 2-3% of total energy requirements.  By the age of 25 years in males 
and 19 years in females, the ECD has essentially decreased to zero and remains at that 
level throughout adulthood (Brochu et al., 2006a). 

Because Layton’s equation requires only energy expenditure to derive the breathing 
rate, a small modification to Eq. 3-5 is made when deriving the infant breathing rate 
using the caloric intake approach: 

VE = H x VQ x (TDEI - ECD) x 10-3    (Eq. 3-6) 
where: 

TDEI  = Total daily energy intake (kcal/day) 
ECD  = Daily energy cost of deposition (kcal/day) 

Arcus-Arth and Blaisdell (2007) subtracted the ECD from the TDEI to give a more 
accurate estimate of energy expended.  The ECD for each month of age for infants up 
to 11 months of age was estimated from Scrimshaw et al. (1996).  Although there is 
typically a burst of growth just prior to and during adolescence, Arcus-Arth and Blaisdell 
did not subtract the ECD during adolescence because investigators considered it 
negligible relative to total energy intake (Spady, 1981; Butte et al., 1989). 

Layton (1993) reported on the bias associated with underreporting of dietary intakes by 
older children.  He calculated a correction factor for this bias (1.2) and multiplied the 
daily energy intake of each child nine years of age and older by 1.2.  Arcus-Arth and 
Blaisdell, having evaluated the literature and finding Layton’s adjustment to be 
reasonable, likewise multiplied daily energy intake of adolescent ages by 1.2. 

Arcus-Arth and Blaisdell (2007) also evaluated the numerical values used by Layton for 
the VQ and H conversion factors in his metabolic equation.  Their estimated value for 
the conversion factor H was similar to that found by Layton.  However, they found data 
in the literature indicating that other values of VQ may be more specific to children than 
those used by Layton (see Table 3.5).  The VQ values Arcus-Arth and Blaisdell 
calculated were used to derive breathing rates. 

Non-normalized (L/day) and normalized (L/kg-day) breathing rates shown in 
Tables 3.8a-e) were derived for both children and adults from the CSFII dataset using 
the methodology described in Arcus-Arth and Blaisdell (2007).  Briefly, the CSFII used a 
multistage complex sampling design to select individuals to be surveyed from the 
population.  The CSFII recommended using a Jacknife Replication (JK) statistical 
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method (Gossett et al., 2002; Arcus-Arth and Blaisdell, 2007), which is a nonparametric 
technique that is preferred to analyze data from multistage complex surveys.   

For each age group, the mean, standard error of the mean, percentiles (50th, 90th, and 
95th) of non-normalized and normalized breathing rates, derived as described, are 
presented in Tables 3.12a and 3.12b, respectively.  Child breathing rates are for males 
and females combined, except for the 9-18 yr adolescent age group breathing rates 
shown at the bottom of the tables. 
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TABLE 3.12a.  Non-Normalized Daily Breathing Rates (L/Day) for 
Children and Adults Using CSFII Energy Intake and Layton’s Equation  

Age Sample Size 
Nonweighted 

Mean SEM 50%-ile 90%-ile 95%-ile SE of 
95%-ile 

Age 
(months) 

Infancy 

0-2  182 3630 137 3299   5444 1   7104 1 643 
3-5  294 4920 135 4561 6859 7720 481 
6-8  261 6089 149 5666 8383 9760 856 
9-11  283 7407 203 6959 10,212 11,772 ** 
0-11  1020 5703  98 5323 8740  9954 553 
Age 
(years)  

Children  

1  934 8770 75 8297 12,192 13,788 252 
2  989 9758 100 9381 13,563 14,807 348 
3  1644 10,642 97 10,277 14,586 16,032 269 
4  1673 11,400 90 11,046 15,525 17,569 234 
5  790 12,070 133 11,557 15,723 18,257 468 
6  525 12,254 183 11,953 16,342 17,973 868 
7  270 12,858 206 12,514 16,957 19,057 1269 
8  253 13,045 251 12,423 17,462 19,019 1075 
9  271 14,925 286 14,451 19,680 22,449 1 1345 
10 234 15,373 354 15,186 20,873 22,898 1 1021 
11 233 15,487 319 15,074 21,035 23,914 1 1615 
12 170 17,586 541 17,112 25,070 1 29,166 1 1613 
13 194 15,873 436 14,915 22,811 1 26,234 1 1106 
14 193 17,871 615 15,896 25,748 1 29,447 1 4382 
15 185 18,551 553 17,913 28,110 1 29,928 1 1787 
16 201 18,340 536 17,370 27,555 31,012 2065 
17 159 17,984 957 15,904 31,421 1 36,690 1 ** 
18 135 18,591 778 17,339 28,800 1 35,243 1 4244 
0<2 1954 7502 75 7193 11,502 12,860 170 
2<16 7624 14,090 120 13,128 20,993 23,879 498 
 Adolescent Boys 
9-18 983 19,267 278 17,959 28,776 32,821 1388 
 Adolescent Girls 
9-18 992 14,268 223 13,985 21,166 23,298 607 

1 Value may be less statistically reliable than other estimates due to small cell size 
** Unable to calculate 
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Table 3.12b.  Normalized Daily Breathing Rates (L/kg-Day) for Children 
and Adults Using CSFII Energy Intake and Layton’s Equation  

Age Sample Size 
Nonweighted 

Mean SEM 50%-ile 90%-ile 95%-ile SE of 
95%-ile 

Age 
(months) 

Infancy 

0-2  182 839 42 725 1305 1614 290 
3-5  294 709 24 669 1031 1232 170 
6-8  261 727 16 684 1017 1136 73 
9-11 283 760 20 710 1137 1283 96 
0-11  1020 751 11 694 1122 1304 36 
Age 
(years)  Children  3.4.3.3
1  934 752 7 716 1077 1210 33 
2  989 698 9 670 986 1107 31 
3  1644 680 6 648 966 1082 18 
4  1673 645 5 614 904 1011 19 
5  790 602 7 587 823 922 25 
6  525 550 10 535 765 849 28 
7  270 508 9 495 682 788 39 
8  253 458 11 439 657 727 37 
9  271 466 11 445 673 766 1 21 
10 234 438 12 425 661 754 1 38 
11 233 378 9 350 566 616 1 32 
12 170 373 13 356 545 1 588 1 46 
13 194 311 12 289 459 1 588 1 55 
14 193 313 12 298 443 1 572 1 92 
15 185 299 10 285 461 1 524 1 25 
16 201 278 10 258 434 505 46 
17 159 276 15 251 453 1 538 1 ** 
18 135 277 10 244 410 1 451 1 42 
0<2 1954 752 6 706 1094 1241 24 
2<16 7624 481 3 451 764 869 6 
 Adolescent Boys 
9-18  983 367 5 343 567 647 14 
 Adolescent Girls 
9-18 992 315 6 288 507 580 24 

1 Value may be less statistically reliable than other estimates due to small cell size 
** Unable to calculate 

Ideally, breathing rates and other variates used in risk assessment should be as 
representative as possible of the exposed population.  Population representative daily 
energy (caloric) intake can be estimated from national food consumption surveys, such 
as the CSFII and the National Health and Nutrition Examination Survey (NHANES).  
These surveys can be analyzed to provide results that are representative of the nation 
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and of several subpopulations, including narrow age groups.  The sample sizes are 
large with these surveys and thus provide relatively robust results, which is of particular 
concern for the tails of probability distributions.   

Limitations for the CSFII energy intake-derived breathing rates include the 
underreporting of food intakes discussed above.  Underestimation of energy intake 
leads to underestimation of breathing rates.  Another limitation is that only two days of 
food intake data had been collected.  Although collection of two consecutive days of 
food intake is an improvement over earlier collections of one day of food intake, the 
repeated measures in the survey were still too limited to reduce the impact of daily 
variations in food intake and would tend to overestimate the upper and lower 
percentiles.  Typical intake is not captured by the caloric intake of two days, and 
breathing rate and dietary intake on any given day are not tightly coupled. 

 US EPA (2009) Metabolic Equivalent-Derived Daily Breathing Rate Estimates 3.4.3.4

Similar to one of the approaches Layton (1993) used to estimate the breathing rate, 
U.S. EPA employed a metabolic equivalent (METS) approach for estimating breathing 
rates.  This method determines daily time-weighted averages of energy expenditure 
(expressed as multipliers of the basal metabolic rate) across different levels of physical 
activity.  METs provide a scale for comparing the physical intensities of different 
activities.  Recent energy expenditure data including the 1999-2002 NHANES and U.S 
EPA’s Consolidated Human Activity Database (CHAD) were used that considers 
variability due to age, gender, and activities.  NHANES (CDC, 2000; 2002) was used as 
the source of body weight data, and CHAD (U.S. EPA, 2002) was the central source of 
information on activity patterns and METS values for individuals.  The 4-year sampling 
weights assigned to the individuals within NHANES 1999-2002 were used to weight 
each individual’s data values in the calculations of these statistics. 

Data were grouped into age categories and a simulated 24-hour activity pattern was 
generated by randomly sampling activity patterns from the set of participants with the 
same gender and age.  Each activity was assigned a METS value based on statistical 
sampling of the distribution assigned by CHAD to each activity code.  Using statistical 
software, equations for METS based on normal, lognormal, exponential, triangular and 
uniform distributions were generated as needed for the various activity codes.  The 
METS values were then translated into energy expenditure (EE) by multiplying the 
METS by the basal metabolic rate (BMR), which was calculated as a linear function of 
body weight.  The VO2 was calculated by multiplying EE by H, the volume of oxygen 
consumed per unit energy. 

The inhalation rate for each activity within the 24-hour simulated activity pattern for each 
individual was then estimated as a function of VO2, body weight, age, and gender.  
Following this, the average inhalation rate was calculated for each individual for the 
entire 24-hour period, as well as for four separate classes of activities based on METS 
value (sedentary/passive [METS less than or equal to 1.5], light intensity [METS greater 
than 1.5 and less than or equal to 3.0], moderate intensity [METS greater than 3.0 and 
less than or equal to 6.0], and high intensity [METS greater than 6.0].  Data for 
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individuals were then used to generate summary tables with distributional data based 
on gender and age categories (Tables 3.13a and 3.13b).  No parametric distributional 
assumptions were placed on the observed data distributions before these statistics were 
calculated.   

Table 3.13a.  US EPA (2009) Metabolically-Derived Daily Breathing Rate 
(m3/Day in Males and Females Unadjusted For Body Weight  

Age 
Category 
(years) 

Means and Percentiles in m3/day 
Males Females 

Mean 50th 90th 95th Mean 50th 90th 95th 
Birth to <1  8.76 8.70 11.93 12.69 8.53 8.41 11.65 12.66 
1  13.49 13.11 17.03 17.89 13.31 13.03 17.45 18.62 
2  13.23 13.19 16.27 17.71 12.74 12.60 15.58 16.37 
3 to <6  12.65 12.58 14.63 15.41 12.16 12.02 14.03 14.93 
6 to <11  13.42 13.09 16.56 17.72 12.41 11.95 15.13 16.34 
11 to <16  15.32 14.79 19.54 21.21 13.44 13.08 16.25 17.41 
16 to <21  17.22 16.63 21.94 23.38 13.59 13.20 17.12 18.29 
21 to <31  18.82 18.18 24.57 27.14 14.57 14.10 19.32 21.14 
31 to <41  20.29 19.83 26.77 28.90 14.98 14.68 18.51 20.45 
41 to <51  20.93 20.60 26.71 28.37 16.20 15.88 19.91 21.35 
51 to <61  20.91 20.41 27.01 29.09 16.18 15.90 19.93 21.22 
61 to <71  17.94 17.60 21.78 23.50 12.99 12.92 15.40 16.15 

Table 3.13b.  US EPA (2009) Metabolically-Derived Daily Breathing Rate 
(m3/Kg-Day) in Males and Females Adjusted for Body Weight  

Age 
Category 
(years) 

Means and Percentiles in m3/kg-day 
Males Females 

Mean 50th 90th 95th Mean 50th 90th 95th 
Birth to <1  1.09 1.09 1.26 1.29 1.14 1.13 1.33 1.38 
1  1.19 1.17 1.37 1.48 1.20 1.18 1.41 1.46 
2  0.95 0.94 1.09 1.13 0.95 0.96 1.07 1.11 
3 to <6  0.70 0.69 0.87 0.92 0.69 0.68 0.88 0.92 
6 to <11  0.44 0.43 0.55 0.58 0.43 0.43 0.55 0.58 
11 to <16  0.28 0.28 0.36 0.38 0.25 0.24 0.31 0.34 
16 to <21  0.23 0.23 0.28 0.30 0.21 0.21 0.27 0.28 
21 to <31  0.23 0.22 0.30 0.32 0.21 0.20 0.26 0.28 
31 to <41  0.24 0.23 0.31 0.34 0.21 0.20 0.27 0.30 
41 to <51  0.24 0.23 0.32 0.34 0.22 0.21 0.28 0.31 
51 to <61  0.24 0.24 0.30 0.34 0.22 0.21 0.28 0.30 
61 to <71  0.21 0.20 0.24 0.25 0.18 0.17 0.21 0.22 

US EPA (2009) described the strengths and weaknesses of their approach.  The 
strengths of this metabolically-derived method include nationally representative data 
sets with a large sample size, even within the age and gender categories.  This 
approach also yields an estimate of ventilation rate that is a function of VO2 rather than 
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an indirect measure of oxygen consumption such as VQ as other researchers have 
used. 

Another strength is that the breathing rates included a BMR component which had been 
derived from NHANES body weights and to which NHANES sampling weights were 
linked.  The BMR component of the breathing rates was representative of the population 
because of the sampling weights.  That is, the degree of association between body 
weight and breathing rate was incorporated into the distribution of breathing rate 
distributions. 

However, the degree of association between breathing rate and other characteristics 
(e.g., race, geographic region) was not incorporated into the distributions (US EPA, 
2009).  These non-body weight characteristics can be highly associated with variability 
in activity patterns.  Although BMR may contribute the greatest percent to the 
quantitative breathing rate value, the variability in breathing rates is most likely driven by 
differing levels of physical activity by different persons.  Because the activity data was 
collected over a 24-hour period, day-to-day variability is not well characterized (US 
EPA, 2009; US EPA, 2011).  The outcome is that the simulated 24-hour activity pattern 
assigned to an NHANES participant is likely to contain a greater variety of different 
types of activities than one person may typically experience in a day.   

Furthermore, because the simulated activity profiles did not consider possible limits on 
the “maximum possible METS value” that would account for previous activities, 
ventilation rates may be overestimated (US EPA, 2009).  This happens, in part, 
because the MET approach does not take into consideration correlations that may exist 
between body weight and activity patterns.  For example, high physical activity levels 
can be associated with individuals of high body weight, leading to unrealistically high 
inhalation rates at the upper percentiles levels (US EPA 2011).  The result is that the 
central tendency of the MET breathing rates may be fairly representative of the 
population, but the breathing rates may not appropriately capture the variability within 
the population.  This limitation was probably most evident in children <3 years of age 
where the data used to calculate BMR values may be less representative of the current 
population (US EPA, 2009). 

3.4.4 Daily Breathing Rate Estimates from Doubly Labeled Water Measurements 

In another method used to quantify human energy expenditure, published 
doubly-labeled water (DLW) energy expenditure data can be used in conjunction with 
Layton’s equation to convert metabolic energy to daily inhalation rates (Brochu et al., 
2006a; 2006b; Stifelman, 2007).  In the DLW method, isotopically labeled water 
containing 2H20 (i.e., heavy water) and H2

180 is given orally to the study participant.  The 
isotopes then distribute in the body and disappear from body water pools by dilution 
from new unlabeled water into the body, by the excretion of the labeled isotope from the 
body, or by the production of CO2.  The difference in disappearance rates between the 
two isotopes represents CO2 production over an optimal period of 1–3 half-lives (7 to 21 
days in most human subjects) of the labeled water.  CO2 production is an indirect 
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measure of metabolic rate and can be converted into units of energy using knowledge 
of the chemical composition of the foods consumed.   

A major advantage of the DLW method is that it provides an index of total energy 
expenditure over a period of 1 to 3 weeks, which is a more biologically meaningful 
period of time compared to the other methods, and can reduce the impact of daily 
variations in physical activity or food intake (IOM, 2005).  In addition, the DLW method 
is non-invasive, requiring only that the subject drink the stable isotopes and provide at 
least three urine samples over the study period.  Thus, measurements can be made in 
subjects leading their normal daily lives (i.e., free-living individuals).  The DLW method 
is considered to be the most accurate method for determining the breathing rate of an 
individual (IOM, 2005).   

A disadvantage is that the DLW method is expensive to undertake, and that essentially 
all the available studies investigated different age ranges but the subjects were not 
randomly selected to be representative of populations.  However, measurements are 
available in a substantial number of men, women and children whose ages, body 
weights, heights and physical activities varied over wide ranges.   

DLW measurements of total daily energy expenditures (TDEE) include basal 
metabolism, physical activity level, thermogenesis, and the synthetic cost of growth 
(Butte et al., 2000).  The synthetic cost of growth is the energy that is expended to 
synthesize the molecules that will be stored.  This is different from the energy deposited 
for growth (ECD), which is the energy intake that is deposited in the body for new 
tissue.  The ECD is an important factor in newborn infants and is not accounted for in 
DLW measurements.  Thus, the derivation of breathing rates using Layton’s equation 
does not require an adjustment to subtract out the ECD to determine TDEE, as was 
necessary for deriving the breathing rates of infants by the caloric intake approach 
(Section 3.5.3.2). 

 Brochu et al. (2006a,b) 3.4.4.1

Brochu et al. (2006a) calculated daily inhalation rates for 2210 individuals aged 3 weeks 
to 96 years using DLW energy expenditure data mainly from the IOM (2005).  The IOM 
database is a compilation of DLW-derived energy expenditure results and other raw 
data from individuals collected from numerous studies.  Breathing rates were estimated 
for different groups of individuals including healthy normal-weight males and females 
with normal active lifestyles (n=1252), overweight/obese individuals with normal active 
lifestyles (n=679), individuals from less affluent societies (n=59), underweight adults 
(n=34), and individuals during various extreme physical activities (n=170).  Normal 
weight adults age 20 yrs and above were categorized as having BMIs between 18.5 and 
25 kg/m2.  Overweight/obese adults had BMIs above 25 kg/m2.  For children and 
teenagers aged 4 to 19 yrs, BMIs corresponding to the 85th percentile or below were 
considered normal.  The breathing rate data were presented as 5th, 10th, 25th, 50th, 75th, 
90th, 95th, and 99th percentile values as well as mean and SEM values for the derived 
inhalation rates for narrow age groups ranging from 1 month to 96 years.  A partial 
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listing of the breathing rate percentiles for normal weight individuals by age group are 
shown in Tables 3.14a and 3.14b.   

Table 3.14a. Means and Percentiles of Daily Breathing Rates (in m3/Day) 
for Free-Living Normal-Weight Males and Females Derived from DLW 
Measurements by Brochu et al. (2006a) 

Age 
Category 
(years) 

Means and Percentiles in m3/day 
Malesa Femalesa 

N Mean 50th 90th 95th N Mean 50th 90th 95th 
0.22 to <0.5  32 3.38 3.38 4.30 4.57 53 3.26 3.26 4.11 4.36 
0.5 to <1 40 4.22 4.22 5.23 5.51 63 3.96 3.96 4.88 5.14 
1 to <2  35 5.12 5.12 6.25 6.56 66 4.78 4.78 6.01 6.36 
2 to <5  25 7.60 7.60 9.25 9.71 36 7.06 7.06 8.54 8.97 
5 to <7  96 8.64 8.64 10.21 10.66 102 8.22 8.22 9.90 10.38 
7 to <11  38 10.59 10.59 13.14 13.87 161 9.84 9.84 12.00 12.61 
11 to <23  30 17.23 17.23 21.93 23.26 87 13.28 13.28 16.61 17.56 
23 to <30  34 17.48 17.48 21.08 22.11 68 13.67 13.67 16.59 17.42 
30 to <40  41 16.88 16.88 20.09 21.00 59 13.68 13.68 15.94 16.58 
40 to <65  33 16.24 16.24 19.67 20.64 58 12.31 12.31 14.96 15.71 
65 to <96  50 12.96 12.96 16.13 17.03 45 9.80 9.80 12.58 13.37 

a Percentiles based on a normal distribution assumption for all age groups 

Table 3.14b. Means and Percentiles of Daily Breathing Rates (in m3/kg-
Day) for Free-Living Normal-Weight Males and Females Derived from 
DLW Measurements by Brochu et al. (2006a) 

Age 
Category 
(years) 

Mean and Percentiles in m3/kg-day 
Malesa Femalesa 

N Mean 50th 90th 95th N Mean 50th 90th 95th 
0.22 to <0.5  32 0.509 0.509 0.627 0.661 53 0.504 0.504 0.623 0.657 
0.5 to <1 40 0.479 0.479 0.570 0.595 63 0.463 0.463 0.545 0.568 
1 to <2  35 0.480 0.480 0.556 0.578 66 0.451 0.451 0.549 0.577 
2 to <5  25 0.444 0.444 0.497 0.512 36 0.441 0.441 0.532 0.559 
5 to <7  96 0.415 0.415 0.475 0.492 102 0.395 0.395 0.457 0.474 
7 to <11  38 0.372 0.372 0.451 0.474 161 0.352 0.352 0.431 0.453 
11 to <23  30 0.300 0.300 0.360 0.377 87 0.269 0.269 0.331 0.349 
23 to <30  34 0.247 0.247 0.297 0.311 68 0.233 0.233 0.287 0.302 
30 to <40  41 0.237 0.237 0.281 0.293 59 0.235 0.235 0.279 0.292 
40 to <65  33 0.230 0.230 0.284 0.299 58 0.211 0.211 0.257 0.270 
65 to <96  50 0.188 0.188 0.228 0.239 45 0.172 0.172 0.220 0.233 

a Percentiles based on a normal distribution assumption for all age groups 

Comparing the largest subgroups (i.e., overweight/obese individuals vs. normal-weight 
individuals), Brochu et al. observed that overweight/obese individuals inhaled between 
0.8 to 3.0 m3 more air per day than normal-weight individuals, but their physiological 
daily breathing rates are 6 to 21% lower than that of their leaner counterparts when 



Technical Support Document for Exposure Assessment and Stochastic Analysis, 
FINAL, August, 2012 

3-27 
 

expressed in m3/kg-day.  Also of interest is that the daily inhalation rates (in m3/kg-day) 
of newborns and normal-weight infants aged 2.6 to less than 6 months are 2.1 to 5.1 
times higher than those of normal-weight and overweight/obese adults aged 18 to 96 
years with normal lifestyles.   

Besides the lack of randomly selected individuals representative of a population for 
estimating energy expenditure, much of the DLW data used to derive the breathing rate 
percentiles relied heavily on adults with sedentary lifestyles (Black et al., 1996).  
Occupations of many participants included professionals, white collar workers or other 
sedentary occupations, and almost no participants were in manual labor occupations 
that are known to result in higher breathing rates.  Although a small group of athletic 
individuals appear to be included in the DLW database by Brochu et al. (2006a), it was 
suggested by Black et al. (1996) that not enough participants involved in manual labor 
are represented in the DLW database.  This may result in breathing rate percentiles that 
are lower than what might be obtained from a population-based study.  Nevertheless, as 
noted above, the DLW method provides an index of total energy expenditure over a 
period of 1 to 3 weeks, which is a better determinant of long-term breathing rate than 
other methods described that rely on 1 to 2 days of energy intake or expenditure to 
estimate long-term breathing rates.  Thus, the DLW method is considered to be the 
most accurate method for determining an average daily breathing rate of a free-living 
individual. 

 Stifelman (2007) 3.4.4.2

Using energy expenditure data based on extensive DLW measurements from two 
sources (FAO, 2004a; 2004b; IOM, 2005), Stifelman (2007) calculated inhalation rates 
with Layton’s equation for long-term physical activity levels categorized as active to very 
active individuals.  The breathing rate data are presented in Table 3.15 in one year age 
groupings for infants and children and in three age groupings for adults up to age 70.  
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TABLE 3.15.  Equivalent Breathing Rates Based on Institute of Medicine 
Energy Expenditure Recommendations for Active and Very Active 
People  

Age (Years) Inhalation rate – males 
active – very active (m3/day) 

Inhalation rate – females 
active – very active (m3/day) 

<1 3.4 3.4 
1 4.9 4.9 
2 5.9 5.5 
3 8.4 – 9.5 7.9 – 9.3 
4 8.8 – 10.1 8.3 – 9.9 
5 9.4 – 10.7 8.8 – 10.5 
6 9.8 – 11.3 9.3 – 11.1 
7 10.4 – 11.9 9.7 – 11.6 
8 10.9 – 12.6 10.2 – 12.3 
9 11.5 – 13.3 10.7 – 12.8 
10 12.1 – 14.0 11.1 – 13.4 
11 12.9 – 14.9 11.7 – 14.1 
12 13.7 – 15.9 12.3 – 14.9 
13 14.8 – 17.2 12.9 – 15.6 
14 16.0 – 18.5 13.2 – 16.0 
15 17.0 – 19.8 13.3 – 16.2 
16 17.8 – 20.7 13.4 – 16.3 
17 18.2 – 21.2 13.3 – 16.2 
18 18.6 – 21.5 13.2 – 16.1 
19-30 17.0 – 19.7 13.4 – 15.2 
31-50 16.2 – 18.9 12.8 – 14.5 
51-70 15.1 – 17.8 12.0 – 13.8 

Physical activity levels (PALs) were categorized into four levels of activity by the IOM, 
two of which were the active and very active levels.  A PAL is the ratio of total energy 
expended (TEE) divided by the basal metabolic rate, defined as the minimum level of 
energy needed to support essential physiologic functions in free-living people.  
Stifelman (2007) also calculated the breathing rate associated with each level, as 
shown in Table 3.16.  It is believed unlikely that the PAL “very active” category (i.e., PAL 
range 1.9-2.5) would be exceeded over a duration of years.  PALs exceeding the IOM 
and FAO ranges are generally not sustainable over long periods of time, but can be 
quite high for limited periods of time (Westerterp, 2001).  For example, highly trained 
athletes during periods of high-intensity training competition, including cross-country 
skiers and Tour de France bicycle racers, can reach a PAL of 3.5-5.5.   

The IOM and FAO PALs describe a range of 1.4-2.5 in accord with ranges of 
sustainable PALs described by others, including people actively engaged in non-
mechanized agriculture, deployed military personnel, and long-distance runners 
(Stifleman, 2007; Westerterp, 2001; Westerterp, 1998; Black et a., 1996; Haggerty et 
al., 1994).  Individuals among the general population exceeding PALs of 2-2.5 for long 
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periods of time are expected to experience negative energy balance (i.e., weight loss) 
mainly because an important limit to sustainable metabolic rate is the energy intake 
(Westerterp 1998; Westerterp, 2001). 

TABLE 3.16.  IOM Physical Activity Categories, Associated Breathing 
Rates and Equivalent Walking Distance 

PAL Category PAL midpoint value 
(range) 

Breathing rate 
midpoint value 

Equivalent 
walking distance 

(km /day)a 
Sedentary 1.25 (1.0-1.39) 14.4 m3/day 0 
Low active 1.5 (1.4-1.59) 15.7 m3/day 3.5 
Active 1.75 (1.6-1.89) 17.3 m3/day 11.7 
Very active 2.2 (1.9-2.5) 19.4 m3/day 26.9 
a Equivalent walking distance in addition to energy expended during normal daily life, based on 
a 70 kg adult walking 5-6 km per hour. Adapted from Stifelman (2007) and Brooks et al. (2004) 

Based on the DLW data, Stifelman’s analysis indicates that human energy expenditure 
occurs within a fairly narrow range of activity levels (PAL in the range of 1.4-2.5), and 
that for breathing rates estimated by the DLW method, a breathing rate of 19.4 m3/day 
(equivalent to a PAL of 2.2) is near the maximum energy expenditure that can be 
sustained for long periods of time in adults.  This finding supports the idea that the 
traditional 20 m3/day is an upper end breathing rate (Snyder et al. (1975). 

The narrow range in breathing rates was found to be consistent with the daily energy 
expenditure estimated from the adult breathing rate distribution in Marty et al. (2002) 
where the range is slightly over 2-fold between the 5th and 95th percentile in Table 3.7.  
A roughly 2-fold range in between the 5th and 95th percentiles is also exhibited in the 
MET-derived breathing rates by US EPA (2009). 

 Limits of Sustainable Breathing Rates Derived from PALs 3.4.4.3

As noted above, DLW studies have shown that a PAL of approximately 2 to 2.5 in the 
general population of adults is the limit of sustainable energy expenditure for long 
periods of time (Westerterp, 2001; IOM, 2005; Stifelman, 2007).  The PAL of novice 
athletes training for endurance runs and soldiers during field training falls within this 
range (Westerterp, 1998; 2001).  The PAL has been found to be twice the upper limit 
(PALs = 3.5 to 5.5) in professional endurance athletes in the most demanding sports 
(cross-country skiing and cycling) during training and competition.  The PALs of these 
professional athletes are in the right tail of the breathing rate distribution of the general 
population (Westerterp, 2001).  However, the high PALs are not expected to be 
sustained at these high levels when averaged over years.   

Knowing the average basal energy expenditure (BEE) for adults and the upper range of 
daily energy expenditure, the upper limit of long-term daily breathing rates for the 
general population can be estimated from Layton’s equation (eq. 3.1).  Marty et al. 
(2002) observed that the 95th percentile breathing rate should be found within this PAL 
range of 2 to 2.5.  Thus, it might be reasonable to compare the 95th percentile adult 
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breathing rate calculated by other methods to the breathing rates derived from an upper 
limit PAL range of 2 to 2.5. 

Table 3.17 show the expected breathing rates of adults in a PAL range of 2.0 to 2.5.  
The mean BEE in kcal/day for the adult age groups is obtained from Brooks et al. 
(2004).  Mean weights for the adult age groups were also obtained from this reference 
in order to convert breathing rates in L/day to L/kg-day.  The results from the 
DLW-derived energy expenditure data suggest that for normal weight adults (i.e., adults 
with BMIs within the healthy range of 18.5 to 25), the upper limit of breathing rates for 
males and females combined would be 16,629 to 20,787 L/day, or 256 to 320 L/kg-day. 

Table 3.17. Description of the Normative Adult DLW Data from Brooks et 
al. (2004) for Persons with a Healthy BMI, and the Resulting Calculations 
of Breathing Rate Within the Sustainable PAL Range of 2.0 to 2.5  

 Age 
years 

n Mean 
BEE 
kcal/d 

TEE limitsa 

kcal/d 
Breathing rate 
L/d 

Mean 
weight 
kg 

Breathing 
rate  
L/kg-d 

Males 19-30 48 1769 3538 - 4423 20,060 - 25,078 71.0 283 - 353 
 31-50 59 1675 3350 - 4188 18,995 - 23,746 71.4 266 - 333 
 51-70 24 1524 3048 - 3810 17,282 - 21,603 70.0 247 - 309 
 19-70b - - - 18,582 - 23,229 - 263 - 328 
Females 19-30 82 1361 2722 - 3403 15,434 - 19,295 59.3 260 - 325 
 31-50 61 1322 2644 - 3305 14,991 - 18,739 58.6 256 - 320 
 51-70 71 1226 2452 - 3065 13,903 - 17,379 59.1 235 - 294 
 19-70b - - - 14,675 - 18,344 - 249 - 311 
Males/ 
femalesc 

 
19-70 

 
- 

 
- 

 
- 

 
16,629 - 20,787 

 
- 

 
256 - 320 

a Sustainable PAL range (2.0 to 2.5) multiplied by mean BEE equals the daily total energy 
expenditure (TEE) that can be sustained over long periods of time. 
b 19-70 yr breathing rates calculated as a weighted average from the three smaller age 
groupings 
c Average breathing rates of males and females combined, assuming each gender represents 
50% of the population. 

Although the PAL limits were estimated for adults, it might also be useful to estimate 
high-end sustainable breathing rates for adolescents using the same assumption that a 
PAL of 2 to 2.5 represents the limit of sustainable energy expenditure over a long-term 
period.  Some of the highest daily breathing rates in L/day were calculated for 
adolescents from the CSFII caloric intake data (Arcus-Arth and Blaisdell, 2007).   

For deriving adolescent breathing rates from the mean BEE in Brooks et al. (2004) for 
14-18 year olds, an upper limit of sustainable energy expenditure would be in the range 
of 3458-4323 kcal/d for males, and 2722-3403 kcal/d for females.  Using Layton’s 
equation to derive the breathing rates from these daily energy expenditures, sustainable 
upper limit breathing rates of 22,221-27,780 L/day for adolescent males, and 
18,006-22,511 L/day for adolescent females were calculated.  After normalizing for 
weight using the mean weights for the 14-18 year age groups in Brooks et al. (2004), 
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upper range daily breathing rates of 378-472 L/kg-day for males and 332-513 L/kg-day 
for females were calculated. 

3.4.5 Compilations of Breathing Rate Data 

In the US EPA (2011) Exposure Factors Handbook, ranges of measured breathing rate 
values were compiled for infants, children and adults by age and sex.  Table 3.18 
presents the recommended breathing rate values for males and females combined for 
specific age groups up to age ≥81 yrs based on the average of the inhalation rate data 
from four recent key studies: Brochu et al. (2006a); U.S. EPA, (2009); Arcus-Arth and 
Blaisdell, (2007); and Stifelman (2007).  The Table represents the unweighted means 
and 95th percentiles for each age group from the key studies.  U.S. EPA noted that there 
is a high degree of uncertainty associated with the upper percentiles, including the 95th 
percentile shown in Table 3.18, thus they should be used with caution.  The upper 
percentiles represent unusually high inhalation rates for long-term exposures, but were 
included in the handbook to provide exposure assessors a sense of the possible range 
of inhalation rates for children. 

Table 3.18.  US EPA (2011) Recommended Long-Term Exposure (More 
than 30 Days) Breathing Rate Values for Infants and Children (Males 
and Females Combined) Averaged From Four Key Studies  

Age Group Mean 
m3/day 

 

Sources 
Used for 
Means 

95th 
Percentile 

m3/day 
 

Sources 
Used for 
95th-ile 

Birth to <1 month 3.6 a 7.1 a 
1 to <3 months 3.5 a,b 5.8 a,b 
3 to <6 months 4.1 a,b 6.1 a,b 
6 to <12 months 
Birth to <1 year 

5.4 
5.4 

a,b 
a,b,c,d 

8.0 
9.2 

a,b 
a,b,c 

1 to <2 years 8.0 a,b,c,d, 12.8 a,b,c 
2 to <3 years 8.9 a,b,c,d 13.7 a,b,c 
3 to <6 years 10.1 a,b,c,d 13.8 a,b,c 
6 to <11 years 12.0 a,b,c,d 16.6 a,b,c 
11 to <16 years 15.2 a,b,c,d 21.9 a,b,c 
16 to <21 years 16.3 a,b,c,d 24.6 a,b,c 
21 to <31 years 15.7 b,c,d 21.3 b,c 
31 to <41 years 16.0 b,c,d 21.4 b,c 
41 to <51 years 16.0 b,c,d 21.2 b,c 
51 to <61 years 15.7 b,c,d 21.3 b,c 
61 to <71 years 15.7 b,c,d 18.1 b,c 
71 to <81 years 14.2 b,c 16.6 b,c 
≥91 years 12.2 b,c 15.7 b,c 

a Arcus-Arth and Blaisdell, 2007;  b Brochu et al. 2006a;  
c U.S. EPA, (2009) d Stifelman 2007 
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3.5 OEHHA-Derived Breathing Rate Distributions for the Required Age 
Groupings Using Existing Data. 

The summarized published reports provide breathing rate distributions by month/year of 
age or in specific age groups, but seldom in age groups applicable to OEHHA’s age 
groupings for cancer risk assessment.  However, individual data were obtainable from 
the CSFII food intake study and the DLW database in the IOM (2005) report, from which 
breathing rate distributions could be derived in the specific age groups of third trimester, 
0<2, 2<9, 2<16, 16<30, and 16-70 years.  In addition, the U.S. EPA’s breathing rate 
distributions based on the MET approach, shown in Tables 3.13a and 3.13b, can be 
merged to obtain the necessary age group breathing rates. 

3.5.1 OEHHA-derived breathing rates based on CSFII energy intake data 

In Tables 3.19a-e, non-normalized (L/day) and normalized (L/kg-day) breathing rates for 
the specific OEHHA age groups were derived for both children and adults from the 
CSFII dataset using the Jacknife Replication statistical method (Arcus-Arth and 
Blaisdell, 2007).  Breathing rates for pregnant women, for determination of third 
trimester breathing rates, are presented in Section 3.5.4. 

In addition, each age group was also fit to a lognormal distribution using Crystal Ball® 
(Oracle Corp., Redwood Shores, CA, 2009).  Crystal Ball® was also used to determine 
the best parametric model fit for the distribution of breathing rates for each age group.  
The Anderson-Darling test was chosen over other goodness-of-fit tests available in 
Crystal Ball® because this test specifically gives greater weight to the tails than to the 
center of the distribution.  OEHHA is interested in the tails since the right tail represents 
the high-end (e.g., 95th percentile) breathing rates. 
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Tables 3.19a-e.  Breathing Rate Distributions by Age Group (Males and 
Females Combined) Derived from CSFII Food Intake Data Using Jacknife 
Methodology and Parameter Estimates of Log-Normally and Best Fit 
Distributions 

Table 3.19a. Breathing Rate Distributions for the 0<2 Year Age Group 

 Jacknife Approach Lognormal 
Parametric Model 

Best Fit Parametric 
Model 

   Max 
Extreme 

Lognormal 

N (sample) 1954 1954 - - - - 
Skewness naa na 0.74 0.77 1.47 0.77 
Kurtosis na na 3.96 4.34 7.81 4.34 
     
%-ile or mean L/kg-day L/day L/kg-day L/day L/kg-day L/day 
       
Sample Min 43 79 - - - - 
Mean (SE)b 752 (9) 7502 (91) 752 (1) 7568 (13) 752 (1) 7568 (13) 
50%-ile (SE) 706 (7) 7193 (91) 720 7282 706 7282 
75%-ile (SE) 870 (11) 9128 (91) 909 9201 871 9201 
90%-ile (SE) 1094 (19) 11,502 (120) 1107 11,523 1094 11,523 
95%-ile (SE) 1241 (24) 12,860 (170) 1241 12,895 1241 12,895 
Sample Max 2584 24,411 - - - - 

a Not applicable b SE = Standard error 

Table 3.19b. Breathing Rate Distributions For the 2<9 Year Age Group 

 Jacknife Approach Lognormal 
Parametric Model 

Best Fit Parametric 
Model 

   Log-
normal 

Lognormal 

N (sample) 6144 6144 - - - - 
Skewness naa na 0.95 0.86 0.95 0.86 
Kurtosis na na 4.63 4.96 4.63 4.96 
     
%-ile or mean L/kg-day L/day L/kg-day L/day L/kg-day L/day 
       
Sample Min 144 2661 - - - - 
Mean (SE) b 595 (4) 11,684 (82) 595 (1) 11,680 (16) 595 (1) 11,680 (16) 
50%-ile (SE) 567 (5) 11,303 (70) 567 11,303 567 11,303 
75%-ile (SE) 702 (5) 13,611 (110) 702 13,606 702 13,606 
90%-ile (SE) 857 (7) 16,010 (170) 857 16,012 857 16,012 
95%-ile (SE) 975 (9) 17,760 (229) 975 17,758 975 17,758 
Sample Max 1713 31,739 - - - - 

a Not applicable b SE = Standard error 
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Table 3.19c. Breathing Rate Distributions for the 2<16 Year Age Group 

 Jacknife Approach Lognormal 
Parametric Model 

Best Fit  Parametric 
Model 

   Gamma Max 
Extreme 

N (sample) 7624 7624 - - - - 
Skewness naa na 0.74 0.75 0.91 1.46 
Kurtosis na na 3.97 4.02 4.38 7.26 
     
%-ile or mean L/kg-day L/day L/kg-day L/day L/kg-day L/day 
       
Sample Min 57 2661 - - - - 
Mean (SE) b 481 (5) 14,090 (135) 481 (1) 14,094 (24) 481 (1) 14,095 (24) 
50%-ile (SE) 450 (5) 13,128 (110) 456 13,465 451 13,131 
75%-ile (SE) 603 (4) 16,644 (189) 606 17,239 603 16,655 
90%-ile (SE) 764 (6) 20,993 (361) 763 21,214 763 20,993 
95%-ile (SE) 869 (6) 23,879 (498) 868 23,870 868 23,886 
Sample Max 1713 53,295 - - - - 

a Not applicable b SE = Standard error 

Table 3.19d. Breathing Rate Distributions for the 16<30 Year Age Group 

 Jacknife Approach Lognormal 
Parametric Model 

Best Fit Parametric 
Model 

   Max 
Extreme 

Lognormal 

N (sample) 2155 2155 - - - - 
Skewness naa na 0.69 1.90 1.69 1.90 
Kurtosis na na 3.75 11.15 8.94 11.15 
     

%-ile or mean L/kg-day L/day L/kg-day L/day L/kg-day L/day 
       
Sample Min 23 1029 - - - - 
Mean (SE) b 197 (3) 13,759 (204) 200 (<1) 13,899 (31) 200 (<1) 13,899 (31) 
50%-ile (SE) 180 (3) 12,473 (125) 190 12,494 182 12,494 
75%-ile (SE) 238 (4) 16,975 (245) 259 17,192 242 17,192 
90%-ile (SE) 320 (4) 21,749 (305) 331 22,136 323 22,136 
95%-ile (SE) 373 (11) 26,014 (634) 378 26,481 377 26,481 
Sample Max 976 75,392 - - - - 

a Not applicable b SE = Standard error  
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Table 3.19e. Breathing Rate Distributions for the 16-70 Year Age Group 

 Jacknife Approach Lognormal 
Parametric Model 

Best Fit Parametric 
Model 

   Max 
Extreme 

Lognormal 

N (sample) 8512 8512 - - - - 
Skewness naa na 0.67 2.05 1.87 2.05 
Kurtosis na na 3.74 12.35 10.67 12.35 
    

%-ile or mean L/kg-day L/day L/kg-day L/day L/kg-day L/day 
       
Sample Min 13 740 - - - - 
Mean (SE) b 165 (2) 12,078 (134) 165 (<1) 12,074 (26) 165 (<1) 12,074 (26) 
50%-ile (SE) 152 (1) 10,951 (86) 157 10,951 152 10,951 
75%-ile (SE) 200 (1) 14,687 (141) 212 14,685 200 14,685 
90%-ile (SE) 257 (3) 18,838 (173) 269 18,834 257 18,834 
95%-ile (SE) 307 (4) 21,812 (371) 307 21,831 307 21,831 
Sample Max 975 75,392 - -   

a Not applicable b SE = Standard error 
 

3.5.2 OEHHA-derived breathing rates based on the IOM DLW Database 

The Institute of Medicine (IOM) 2005 dietary reference report includes an extensive 
database that is a compilation of DLW-derived energy expenditure results and other raw 
data for individuals collected from numerous studies.  An advantage of this dataset over 
the U.S. EPA MET approach and the TAV approaches is that individual data on energy 
expenditure are matched with the weight and age of the individuals.  The disadvantage 
is that the data are not necessarily representative of a random sample of a population. 

When breathing rates were calculated from the energy expenditure data, it became 
apparent that there were some extreme individual breathing rates that did not appear 
physically possible.  Using the results from the PAL limits (Section 3.4.4.3), breathing 
rates with a PAL greater than 2.5 were removed.  Additionally, some breathing rates 
were below the expected BMR for an individual.  Based on evidence that energy 
expenditure during sleep is 5 to 10% lower than the BMR, derived breathing rates that 
were 10% or more below the expected BMR were also removed (Brooks et al., 2004).  
However, relatively few individuals were removed due to an extreme breathing rate; <1 
to 6% of the values were removed from any one age group. 

Rather than assume a normal distribution for the age groupings as Brochu et al. (2006a) 
had done, OEHHA arranged the data to be more representative of a population by 
weighting the energy expenditure data by age and gender.  The modeled populations 
were weighted towards an equal number of persons per year of age and the assumption 
was used that males and females in a population are at a ratio of 50:50.  In addition, the 
IOM database separated individuals by weight, or more specifically, by body mass index 
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(BMI).  Children 3 to 18 years of age are considered at risk of overweight when their 
BMI is greater than the 85th percentile, and overweight when their BMI is greater than 
the 95th percentile (Kuczmarski et al., 2000).  Thus, the IOM (2005) placed 
overweight/obese children in a separate dataset.  For the modeled populations, an 
85:15 weighting for normal:overweight children in the 2<9 and 2<16 age groups was 
used.  Adults (>19 years of age) were placed in the overweight/obese dataset if they 
had BMIs of 25 kg/m2 and higher by the IOM.  The results from USDA’s 1994-96 Diet 
and Health Knowledge Survey (Tippett and Clevelend, 2001) found that 54.6% of the 
U.S. population have a BMI of 25 kg/m2 or greater (n=5530).  Thus, for the adult age 
groups (16<30 and 16-70 yrs), 45:55 weighting for normal:overweight adults was used 
to model the populations. 

For infants, the source of the raw data in the IOM (2005) database was from Butte et al. 
(2000), a DLW study conducted at the Children’s Nutrition Research Center in Houston, 
TX.  Butte et al. (2000) monitored energy expenditure in 76 healthy infants by the DLW 
method up to six times during the study, at 3, 6, 9, 12, 18, and 24 months of age, 
generating a total of 351 measurements that fell within the OEHHA-specified 0<2 year 
age group.  Thus, many of the infants were tested more than once during the study 
period.  Following each administration of DLW by mouth, urine samples were collected 
over 10 days and analyzed for the hydrogen and oxygen isotopes to calculate energy 
expenditure. 

The percentage of breast-fed infants at ages 3, 6, 9, 12, 18, and 24 months were 100%, 
80%, 58%, 38%, 15%, and 5%, respectively in the Butte et al. (2000) study.  The racial 
distribution by maternal lineage was 55 white, 7 African American, 11 Hispanic, and 3 
Asian infants.  The NCHS growth reference (Hamill et al., 1979) was used to evaluate 
the adequacy of growth in these infants.  The growth performance of these infants was 
comparable with that of other breast-fed and formula-fed infant populations in whom 
socioeconomic and environmental constraints would not be expected to limit growth.  
Relative to the NCHS reference and compared with other breast-fed and formula-fed 
study populations, the growth of the children was considered satisfactory by the 
researchers.   

Although the study did not choose subjects representative of any particular population, 
the range of activities that individuals of this age engage in is not as variable as the 
range of activities engaged in by older children and adults.  In addition, even though 
many of the infants were tested more than once during the study period, repeated 
measures on the same individuals can reduce the amount of intraindividual variability in 
the distribution of measurements because a better estimate of typical energy 
expenditure is captured.  Considering the limitations, the study results were judged by 
OEHHA to be similar enough to a randomly sampled population to calculate 
distributional statistics for breathing rate. 

An additional observation from Butte et al. (2000) was that total energy expenditure 
measurements differed by age and by feeding group, but not by sex, when adjusted for 
weight.  As expected, PAL increased significantly with age from 1.2 at 3 months to 1.4 
at 24 months. 
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Breathing rates determined by the DLW method for women in their third trimester of 
pregnancy are presented separately in Section 3.5.4. 

To obtain the daily breathing rate distributions for all age groups shown in Table 3.20a-
e, OEHHA fit the data to a lognormal distribution using Crystal Ball® and sampled 
250,000 times using Latin-Hypercube.  The lognormal distribution is commonly used in 
stochastic risk assessment and has been found to be a reasonable parametric model 
for a variety of exposure parameters, including breathing rate.  Latin-Hypercube 
analysis in Crystal Ball® was also used to determine the best parametric model fit for 
the distribution of breathing rates.  The Anderson-Darling statistic was used for the 
goodness-of-fit test because it gives greater weight to the tails than to the center of the 
distribution. 

Tables 3.20a-e.  Breathing Rate Distributions by Age Group (Males and 
Females Combined) Derived from IOM (2005) DLW Database Using 
Parameter Estimates of Lognormal and Best Fit Distributions 

Table 3.20a. 0<2 Year Age Group Breathing Rate Distribution 

 Moments and 
Percentiles, 

Empirical Data 

Moments and 
Percentiles, 
Lognormal 

Parametric Model 

Moments and 
Percentiles,  

Best Fit  
Parametric Model 

       
N 281 281     
Skewness -0.044 0.28 -0.001 0.44 -0.044 0.28 
Kurtosis 2.10 2.59 3.00 3.35 2.10 2.59 
     
 L/kg-day L/day L/kg-day L/day L/kg-day L/day 
     Beta Beta 
Sample Min 357 2228 - - - - 
Mean (SE) 567 5031 567 5031 567 5031 
50%-ile 562 4967 567 4925 568 4943 
80%-ile 657 6323 644 6232 655 6325 
90%-ile 689 6889 685 6981 691 7042 
95%-ile 713 7595 718 7638 714 7607 
Sample Max 752 9210 - - - - 

 



Technical Support Document for Exposure Assessment and Stochastic Analysis, 
FINAL, August, 2012 

3-38 
 

Table 3.20b. 2<9 Year Age Group Breathing Rate Distribution  

 Moments and 
Percentiles, 

Empirical Data 

Moments and 
Percentiles, 
Lognormal 

Parametric Model 

Moments and 
Percentiles, Best 

Fit Parametric 
Model 

       
N 810 810     
Skewness 0.0759 0.4676 0.0796 0.4763 0.0796 0.0290 
Kurtosis 2.93 3.62 3.00 3.40 3.00 3.50 
     
 L/kg-day L/day L/kg-day L/day L/kg-day L/day 
     Log-

normal 
Student’s 

T 
Sample Min 240 5085 - - - - 
Mean (SE) 482 9708 482 9708 482 9711 
50%-ile 479 9637 481 9521 481 9708 
80%-ile 551 11,478 555 11,650 555 11,641 
90%-ile 597 12,629 595 12,880 595 12,704 
95%-ile 631 13,626 628 13,962 628 13,632 
Sample Max 703 21,152 - - - - 

Table 3.20c. 2<16 Year Age Group Breathing Rate Distribution  

 Moments and 
Percentiles, 

Empirical Data 

Moments and 
Percentiles, 
Lognormal 

Parametric Model 

Moments and 
Percentiles, Best 

Fit Parametric 
Model 

       
N 1227 1237     
Skewness 0.2729 0.8705 0.4613 1.12 0.2729 1.14 
Kurtosis 2.45 3.70 3.38 5.32 2.45 5.43 
     
 L/kg-day L/day L/kg-day L/day L/kg-day L/day 
     Beta Max Ext. 
Sample Min 168 5328 - - - - 
Mean (SE) 423 12,695 423 12,700 423 12,695 
50%-ile 411 11,829 414 12,000 416 11,988 
80%-ile 529 16,184 517 15,833 527 15,788 
90%-ile 580 18,944 576 18,328 583 18,303 
95%-ile 623 20,630 628 20,694 626 20,716 
Sample Max 737 27,803 - - - - 
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Table 3.20d. 16<30 Year Age Group Breathing Rate Distribution  

 Moments and 
Percentiles, 

Empirical Data 

Moments and 
Percentiles, 
Lognormal 

Parametric Model 

Moments and 
Percentiles, Best 

Fit Parametric 
Model 

       
N 245 245     
Skewness 0.3471 0.4786 0.4008 0.6962 0.4008 0.6962 
Kurtosis 3.03 3.11 3.28 3.88 3.28 3.88 
     
 L/kg-day L/day L/kg-day L/day L/kg-day L/day 
     Log-

normal 
Log-

normal 
Sample Min 135 7246 - - - - 
Mean (SE) 222 16,458 222 16,464 222 16,464 
50%-ile 220 16,148 219 16,053 219 16,053 
80%-ile 256 19,468 259 19,395 259 19,395 
90%-ile 282 21,954 282 21,410 282 21,410 
95%-ile 308 23,295 302 23,231 302 23,231 
Sample Max 387 26,670 - - - - 

Table 3.20e. 16-70 Year Age Group Breathing Rate Distribution  

 Moments and 
Percentiles, 

Empirical Data 

Moments and 
Percentiles, 
Lognormal 

Parametric Model 

Moments and 
Percentiles, Best 

Fit Parametric 
Model 

       
N 842 846     
Skewness 0.4264 0.6323 0.4506 0.7346 0.4506 0.7346 
Kurtosis 3.18 3.32 3.36 3.98 3.36 3.98 
     
 L/kg-day L/day L/kg-day L/day L/kg-day L/day 
     Log-

normal 
Log-

normal 
Sample Min 95 7235 - - - - 
Mean (SE) 206 15,713 206 15,715 206 15,715 
50%-ile 204 15,313 203 15,282 203 15,282 
80%-ile 241 18,773 243 18,664 243 18,664 
90%-ile 268 20,612 266 20,687 266 20,687 
95%-ile 286 22,889 286 22,541 286 22,541 
Sample Max 387 29,136 - - - - 



Technical Support Document for Exposure Assessment and Stochastic Analysis, 
FINAL, August, 2012 

3-40 
 

3.5.3 OEHHA Age Group Breathing Rate Distributions Derived From U.S. EPA 
(2009) MET Approach 

In Tables 3.21a-e, non-normalized (L/day) and normalized (L/kg-day) breathing rates for 
the specific OEHHA age groups were derived for both children and adults from the data 
included in the U.S. EPA (2009) report and presented above.  Values for males and 
females were combined by taking weighted averages for each age range provided, 
assuming that the numbers of males and females in the population are equal.  Ages 
were combined by the same means to create the age ranges of toxicological interest to 
the “Hot Spots” program. 

The breathing rates used in preparation of the U.S. EPA report were derived by 
selecting an activity pattern set from a compilation of daily activity pattern sets (CHAD) 
and assigning them to a person in NHANES of the same sex and age group, although 
the age groups are fairly narrow for the very young (i.e., 3-month or 1-year intervals), 
the older age groups consist of broad age categories (i.e., 3 to 5 year intervals).  These 
broad age groups include periods, for example 3 to <6 years, when activity can vary 
greatly by year of age.  In addition, NHANES calculates a “sampling weight” for each 
participant, which represents the number of individuals in the population with the same 
set of these characteristics.  When an individual in CHAD is matched to an individual in 
NHANES only on sex and age group, the set of characteristics that belonged to the 
CHAD individual are ignored, which could result in significantly different weighting.  
Thus the derived breathing rates cannot be considered representative of the population.   

For these reasons and other limitations of the EPA data, as stated in Section 3.3.3.3, 
OEHHA chose to fit a selected set of parametric distributions to the percentile data 
given by U.S. EPA, rather than attempting to use the raw data to determine the best fit 
parametric model.  A gamma distribution was fit to each age group using Crystal Ball®, 
which is usually one of the better fitting distributions for the right-skewed distributions 
typical of intake variability.  The gamma distribution is a three parameter distribution 
with fewer shape constraints than two parameter distributions such as a lognormal 
distribution. 
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Table 3.21a-e.  Normalized and Non-Normalized Breathing Rate 
Distributions by Age Group  (Males and Females Combined) Derived 
From U.S. EPA (2009) Breathing Rates Using a Gamma Parameter 
Estimate Distribution 

Table 3.21a. 0<2 Year Age Group Breathing Rate Distribution 
 Moments and Percentiles, Gamma 

Parametric Model 
   
N 1601 1601 
 L/kg-day L/day 
   
Mean  1125 10,711 
50%-ile 1104 10,489 
75%-ile 1199 12,301 
90%-ile 1302 14,104 
95%-ile 1372 15,271 

Table 3.21b. 2<9 Year Age Group Breathing Rate Distributiona 

 Moments and Percentiles, Gamma 
Parametric Model 

   
N 4396 4396 
 L/kg-day L/day 
   
Mean  597 12,758 
50%-ile 591 12,518 
75%-ile 662 13,911 
90%-ile 732 15,375 
95%-ile 776 16,176 

a Breathing rate data for this age range were actually available for 2<11 years of age 

Table 3.21c. 2<16 Year Age Group Breathing Rate Distribution  

 Moments and Percentiles, Gamma 
Parametric Model 

   
N 7657 7657 
 L/kg-day L/day 
   
 449 13,365 
50%-ile 440 13,106 
75%-ile 496 14,694 
90%-ile 555 16,426 
95%-ile 595 17,609 
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Table 3.21d. 16<30 Year Age Group Breathing Rate Distributiona  

 Moments and Percentiles, Gamma 
Parametric Model 

   
N 6111 6111 
 L/kg-day L/day 
   
Mean  221 16,005 
50%-ile 215 15,469 
75%-ile 244 17,984 
90%-ile 275 20,699 
95%-ile 296 22,535 

a Breathing rate data for this age range were actually available for 16<31 years of age 

Table 3.21e. 16-70a Year Age Group Breathing Rate Distribution  

 Moments and Percentiles, Gamma 
Parametric Model 

   
N 16,651 16,651 
 L/kg-day L/day 
   
Mean  219 16,937 
50%-ile 214 16,515 
75%-ile 245 18,924 
90%-ile 278 21,443 
95%-ile 299 23,128 

a Breathing rate data for this age range were given as 16<71 years of age 

A limitation in calculating these breathing rates is that equal weighting by year of age 
was assumed when merging the U.S. EPA breathing rates into larger age groups used 
by OEHHA.  However, this may not be a significant factor for the smaller age groups 
(i.e., 3rd trimester, 0<2, 2<9, 2<16, 16<30 yr old age groups), but could affect the 
breathing rate estimate for the 16-70 year olds.  This is because a random sample of 
the population would find proportionally fewer adults in the 61 to 70 year age range, for 
example, compared to 21 to 30 year age range. 

Another limitation is that merging the U.S. EPA age groups into the OEHHA age 
groupings does not yield the precise age range for 2<9 and 16 to <30 year olds.  The 
actual age range in the US EPA data used to get the 16 to <30 year olds is 16 to <31, 
which we do not consider a significant deviation.  However, the actual age range in the 
US EPA data used to get the 2 to <9 year olds is 2 to <11 years.  The addition of 9 and 
10 year olds would slightly reduce the normalized breathing rate in L/kg-day because 
younger children (i.e., 2<9 year olds) have higher normalized breathing rates than older 
children (i.e., 9-10 year olds).  Alternatively, addition of 9 and 10 year olds  to the 2<9 
year age group would slightly increase the absolute breathing rate in L/day due to 
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higher volumes of air breathed per day by 9 and 10 year olds compared to younger 
children.  

3.5.4 OEHHA-Derived Third Trimester Breathing Rates 

For third trimester exposure, OEHHA calculated breathing rates using the assumption 
that the dose to the fetus during the third trimester was the same as that to the mother.  
Both the CSFII and DLW data sets included data from pregnant women that could be 
used to calculate breathing rates (Table 3.22).  The DLW data included a code for 
trimester of pregnancy, while the CSFII data did not.  Thus, breathing rates by the CSFII 
method was estimated using data for women in all stages of pregnancy with no means 
for separation by stage of pregnancy.  OEHHA believes this would not underestimate 
the third trimester breathing rates, since the CSFII breathing rate data tend to 
overestimate the breathing rate in the upper (e.g., 95th percentile) and lower percentiles 
for the reasons cited in Section 3.4.3.2.  Since breathing rate increases over the course 
of pregnancy, we felt that we could successfully combine these data with the DLW data 
and produce a reasonable set of point estimates for the third trimester.   

In order to create a set of breathing rate data suitable for use in a stochastic risk 
assessment for third trimester pregnant women, we selected 1,000 observations from 
each set of data, normalized and non-normalized, using a Monte Carlo simulation in 
Crystal Ball®.  Because the data sets from the two sources were similar in size, a 
relatively small set of simulated data was sufficient.  We combined these data to create 
two sets of pooled data (see Section 3.2 above).  We then fit a parametric distribution to 
each of the pooled samples, using Crystal Ball® and the Anderson-Darling goodness-
of-fit test. 
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Table 3.22.  Normalized and Non-Normalized Breathing Rate 
Distributions for Women in Their Third Trimester of Pregnancy: OEHHA-
Derived Values from Doubly-Labeled Water (DLW) and Continuing 
Survey of Food Intake of Individuals (CSFII) Databases 

 DLW 
L/kg BW-day 

CSFII 
L/kg BW-day 

DLW 
L/day 

CSFII 
L/day 

Distribution Lognormal Gamma Lognormal Gamma 
Minimum 150 78 10,316 4,025 
Maximum 348 491 23,932 29,041 
     
Mean 220 232 15,610 14,830 
Median 210 216 15,196 14,311 
Std Dev 46 92 3,118 5,326 
Skewness 1.19 0.5575 0.7744 0.4393 
Kurtosis 4.04 2.57 3.57 3.02 
     
Percentiles     
1% 150 84 10,316 4,025 
5% 161 104 10,809 7,714 
10% 174 127 11,846 8,201 
25% 192 155 13,750 11,010 
50% 210 216 15,196 14,311 
75% 241 302 17,343 18,153 
80% 246 323 17,832 19,114 
90% 280 363 18,552 21,799 
95% 322 392 22,763 24,349 
99% 348 490 23,932 28,848 

3.5.5 Summary of Long-Term Daily Breathing Rate Distributions 

Table 3.23 presents a summary of the long-term daily mean and high end (i.e., 95th 
percentile) breathing rates derived by OEHHA from different sets of energy expenditure 
data.  The breathing rate distributions for women in their third trimester of pregnancy are 
presented separately in Table 3.22 above.  The MET- (non-normalized only), CSFII- 
and DLW-derived breathing rates in Table 3.22 are based on the best fit parametric 
models for each age group, although little variation in the breathing rate was observed 
between models within each breathing rate method.  Also included are data from TAV 
studies that estimated breathing rates in age groupings reasonably similar to that used 
by OEHHA.   

As noted in Table 3.23, some of the age groupings for the MET-derived breathing rates, 
and all age groups in the TAV-derived breathing rates do not precisely reflect the age 
ranges used in the “Hot Spots” program.  This was primarily due to methodological 
differences in data collection which did not allow individual breathing rates matched with 
the age of the individual.  However, the differences in the age ranges were small 
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enough in many cases to allow a rough comparison among the various breathing rate 
estimation methods, so they were included in the table.   

TABLE 3.23.  Summary of Breathing Rate by Study and Age Group 

 0<2 yrs 
L/kg-day 

2<9 yrs 
L/kg-day 

2<16 yrs 
L/kg-day 

16<30 yrs 
L/kg-day 

16-70 yrs 
L/kg-day 

 mean 95th mean 95th mean 95th mean 95th mean 95th 
METa 1125 1372 597b 776b 449 595 221 c 296 c 219 299 
CSFII d 752 1241 595 975 481 868 200 377 165 307 
DLW e 567 713 482 628 423 626 222 302 206 286 
TAV f 
Marty et al. 
Allan et al. 

 
- 
- 

 
- 
- 

 
- 
- 

 
- 
- 

 
452 g 
     - 

 
580.5 g 
     - 

 
- 
- 

 
- 
- 

 
232 h 
201 e 

 
381 h 
280 e 

 0<2 yrs 
L/day 

2<9 yrs 
L/day 

2<16 yrs 
L/day 

16<30 yrs 
L/day 

16-70 yrs 
L/day 

 mean 95th mean 95th mean 95th mean 95th mean 95th 
METa 10,711 15,271 12,758 16,176 13,365 17,609 16,005 22,535 16,937 23,128 
CSFII d 7568 12,895 11,680 17,758 14,095 23,886 13,899 26,481 12,074 21,831 
DLW e 5031 7595 9711 13,632 12,695 20,716 16,464 23,231 15,715 22,541 
TAV f 
Marty et al. 
Allan et al. 

 
- 
- 

 
- 
- 

 
- 
- 

 
- 
- 

 
8,100 g 

     - 

 
10,500 g 

     - 

 
- 
- 

 
- 
- 

 
14,600 h 
16,160 i 

 
24,000 h 
22,480 i 

a U.S. EPA metabolic equivalent (MET) approach breathing rate point estimates shown were 
derived using the best fit parametric model from Tables 3.20a-e. 
b All MET-derived breathing rates for the 2<9 yr age group actually represent 2<11 yr olds. 
c All MET-derived breathing rates for the 16<30 yr age group actually represent 16<31 yr olds. 
d CSFII food intake-derived breathing rate point estimates  shown were derived using the best fit 
parametric model as presented in Tables 3.18a-e. 
e Doubly-labeled water-derived (DLW) breathing rate point estimates shown were derived using 
the best fit parametric model as shown in Tables 3.19a-e. 
f  Time-activity-ventilation (TAV) breathing rate point estimates are from Table 3.3 (Marty et al. 
2002) and Table 3.5 (Allan et al., 2008). 
g The breathing rate point estimates from Table 3.3 actually represent an age range of about 3 
to <12 yrs old. The non-normalized breathing rate point estimates in L/day is the equivalent for 
an 18 kg child. 
h The breathing rate point estimates from Table 3.4 actually represent an age range of  12 to 70 
years old. Non-normalized breathing rate point estimates in L/day are the equivalent for a 63 kg 
adult. 
i Breathing rate point estimates were derived from Table 3.5 and represent an age range of 12 
to 60+ years.  The point estimates were calculated assuming equal weighting for each age 
group (12-19 yrs, 20-59 yrs, 60+ yrs) and combined.  Breathing rates in Table 3.5 were 
available only in L/day, so the non-normalized point estimates were both divided by the mean 
body weight for the 16-70 age group (80.3 kg) to generate breathing rates in L/kg-day. 

The DLW energy expenditure data likely result in daily breathing rates that are slightly 
lower in some cases than what would be expected in a random population sample, 
particularly for adults (Black et al., 1996).  On the other hand, U.S. EPA (2008) 
observed that the upper percentile breathing rates for the MET and CSFII approaches 
are unusually high for long-term daily exposures.  Based on the limits of sustainable 
daily breathing rates for adolescents and adults discussed in Section 3.4.4.3, the 95th 
percentile breathing rates in Table 3.22 appear to be above sustainable limits for some 
age groups.  For example, the CSFII-generated upper percentile breathing rates are 
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highest in the age groups containing older adolescents.  The 16<30 year age group 
upper percentile breathing rate from the CSFII study is 377 L/kg-d.  This breathing rate 
is above the sustainable breathing rate (based on PAL) of 283-353 L/kg-d for males 19-
30 years of age shown in Table 3.16 (but is not above the sustainable breathing rates 
for the subgroup of males and females 14-18 yrs of age with a breathing rate of 332-513 
L/kg-d).   

A limitation of the estimated PALs for daily breathing rates determined in Tables 3.15 
and 3.17 is that the participants used in the study may not reflect a random sample of 
the population.  Nevertheless, the observed PAL of novice athletes training for 
endurance runs and soldiers during field training falls within this range of 2.0-2.5 
(Westerterp, 1998; 2001).  Thus, the breathing rates based on physical activity limits 
should be accurate for the general population, with the exception of professional 
endurance athletes in the most demanding sports (cross-country skiing and cycling) 
during training and competition.   

With the advantages and disadvantages of the breathing rate datasets described in 
Section 3.2, OEHHA recommends using a daily breathing rate point estimates based on 
a mean of the DLW and CSFII approaches.  The main benefit is the use of individual 
data from these two datasets, including individual body weights, which can be combined 
into one distribution.  In order to create a set of breathing rate data suitable for use in a 
stochastic risk assessment of long-term daily average exposures, OEHHA combined 
data for each age range within the two sources of breathing rate data, CSFII and DLW.  
We selected an equal number of observations from each source for the five age ranges, 
normalized and non-normalized, using a Monte Carlo simulation in Crystal Ball® to 
create pooled data for each group.  We then fit a parametric distribution to each of the 
pooled samples, using Crystal Ball® and the Anderson-Darling goodness-of-fit test. 

For infants 0<2 yrs of age, OEHHA used the DLW data by Butte et al. (2000) for 
combining with CSFII study 0<2 yr data.  This longitudinal study followed a group of 
about 40 infants collecting urine every 3 months after DLW administration from age 3 
months to two years of age.  The sample size was not considered large enough to use 
this data exclusively for determining the 0<2 yr breathing rates, so was combined with 
CSFII data of infants in the same age range.   

3.6 8-Hour Breathing Rates 

Specialized exposure scenarios for estimating cancer risk to offsite workers, 
neighborhood residents, and school children may involve evaluating exposure in the 8-
12 hour range.  Therefore, 8-hour breathing rates were estimated for exposed 
individuals engaged in activities that bracket the range of breathing rates including 
minimal inhalation exposure such as reading a book and desk work, and high breathing 
rates such as farm work or yard work, that can be reasonably sustained for an 8-hour 
period.   
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As part of the development of average daily breathing rates, U.S. EPA (2009) used 
existing data on minute ventilation rates (in ml/min or ml/kg-min) for a range of activities 
and assigned MET values depending on the intensity level of activity: 

• Sedentary/Passive Activities: Activities with MET values no higher than 1.5 
• Light Intensity Activities: Activities with MET values exceeding 1.5 to <3.0 
• Moderate Intensity Activities: Activities with MET values exceeding 3.0 to <6.0 
• High Intensity Activities: Activities with MET values exceeding 6.0 

An additional ventilation rate distribution was developed for sleeping/napping only, 
although the sedentary/passive activity category (MET values ≤1.5) also includes 
sleeping and napping.  Table 3.23 shows selected MET values for various workplace 
activities and activities in the home or neighborhood that were used to calculate daily 
breathing rates by U.S. EPA (2009). 
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Table 3.23. METS Distributions for Workplace and Home Activities 

Activity Description Mean Median SD Min Max 
Workplace Activities 

Administrative office work 1.7 1.7 0.3 1.4 2.7 
Sales work 2.9 2.7 1.0 1.2 5.6 
Professional 2.9 2.7 1.0 1.2 5.6 
Precision/production/craft/repair 3.3 3.3 0.4 2.5 4.5 
Technicians 3.3 3.3 0.4 2.5 4.5 
Private household work 3.6 3.5 0.8 2.5 6.0 
Service 5.2 5.3 1.4 1.6 8.4 
Machinists 5.3 5.3 0.7 4.0 6.5 
Farming activities 7.5 7.0 3.0 3.6 17.0 
Work breaks 1.8 1.8 0.4 1.0 2.5 

Household/Neighborhood Activities 
Sleep or nap 0.9 0.9 0.1 0.8 1.1 
Watch TV 1.0 1.0 - 1.0 1.0 
General reading 1.3 1.3 0.2 1.0 1.6 
Eat 1.8 1.8 0.1 1.5 2.0 
Do homework 1.8 1.8 - 1.8 1.8 
General personal needs and care 2.0 2.0 0.6 1.0 3.0 
Indoor chores 3.4 3.0 1.4 2.0 5.0 
Care of plants 3.5 3.5 0.9 2.0 5.0 
Clean house 4.1 3.5 1.9 2.2 5.0 
Home repairs 4.7 4.5 0.7 4.0 6.0 
General household chores 4.7 4.6 1.3 1.5 8.0 
Outdoor chores 5.0 5.0 1.0 2.0 7.0 
Walk/bike/jog (not in transit) age 20 5.8 5.5 1.8 1.8 11.3 
Walk/bike/jog (not in transit) age 30 5.7 5.7 1.2 2.1 9.3 
Walk/bike/jog (not in transit) age 40 4.7 4.7 1.8 2.3 7.1 

MET values and hr/day spent at these various activities were used by U.S. EPA (2009) 
to calculate selected minute ventilation rates shown in Table 3.24a-b.   
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Table 3.24a.  Descriptive Statistics for Minute Ventilation Rates (L/min-kg) While 
Performing Activities Within the Specified Activity Category (US EPA, 2009)  
Age 
Category 
(years) 

Males Females 

Mean 50th 90th 95th Mean 50th 90th 95th 
 Sedentary & Passive Activitiesa (METS ≤ 1.5) 
Birth to <1  0.40 0.39 0.47 0.50 0.40 0.40 0.48 0.52 
1  0.41 0.40 0.49 0.52 0.43 0.42 0.51 0.54 
2  0.34 0.34 0.41 0.45 0.36 0.35 0.42 0.44 
3 to <6  0.25 0.25 0.33 0.35 0.25 0.25 0.33 0.36 
6 to <11  0.16 0.16 0.21 0.22 0.16 0.16 0.21 0.23 
11 to <16  0.10 0.10 0.13 0.14 0.10 0.09 0.12 0.13 
16 to <21  0.08 0.08 0.09 0.10 0.07 0.07 0.10 0.10 
21 to <31  0.06 0.06 0.08 0.08 0.06 0.06 0.07 0.08 
31 to <41  0.07 0.07 0.08 0.09 0.06 0.06 0.08 0.08 
41 to <51  0.07 0.07 0.09 0.09 0.06 0.06 0.08 0.09 
51 to <61  0.07 0.07 0.09 0.09 0.07 0.07 0.08 0.09 
61 to <71  0.08 0.08 0.09 0.09 0.07 0.07 0.08 0.08 
 Light Intensity Activities (1.5 < METS ≤ 3.0) 
Birth to <1  0.99 0.97 1.17 1.20 0.98 0.96 1.18 1.23 
1  1.02 1.01 1.22 1.30 1.05 1.04 1.25 1.27 
2  0.84 0.83 1.00 1.03 0.90 0.89 1.04 1.10 
3 to <6  0.63 0.63 0.79 0.87 0.62 0.60 0.78 0.83 
6 to <11  0.38 0.38 0.49 0.53 0.38 0.38 0.50 0.54 
11 to <16  0.25 0.24 0.31 0.33 0.23 0.22 0.28 0.31 
16 to <21  0.18 0.18 0.22 0.23 0.17 0.17 0.21 0.22 
21 to <31  0.16 0.15 0.19 0.21 0.15 0.15 0.18 0.19 
31 to <41  0.16 0.16 0.20 0.21 0.15 0.15 0.19 0.20 
41 to <51  0.17 0.16 0.20 0.21 0.16 0.16 0.20 0.22 
51 to <61  0.17 0.16 0.20 0.22 0.16 0.16 0.20 0.21 
61 to <71  0.16 0.16 0.19 0.20 0.15 0.14 0.17 0.18 
 Moderate Intensity Activities (3.0 < METS ≤ 6.0) 
Birth to <1  1.80 1.78 2.18 2.28 1.87 1.85 2.25 2.40 
1  1.88 1.82 2.33 2.53 1.90 1.87 2.24 2.37 
2  1.55 1.54 1.84 2.02 1.60 1.58 1.92 2.02 
3 to <6  1.17 1.12 1.56 1.68 1.14 1.11 1.45 1.56 
6 to <11  0.74 0.71 0.96 1.04 0.72 0.71 0.94 1.01 
11 to <16  0.49 0.47 0.64 0.68 0.44 0.43 0.55 0.61 
16 to <21  0.39 0.38 0.49 0.52 0.36 0.35 0.46 0.49 
21 to <31  0.36 0.34 0.47 0.51 0.33 0.32 0.42 0.45 
31 to <41  0.36 0.34 0.47 0.52 0.32 0.30 0.41 0.46 
41 to <51  0.37 0.35 0.47 0.52 0.33 0.32 0.44 0.49 
51 to <61  0.38 0.37 0.48 0.55 0.34 0.33 0.44 0.49 
61 to <71  0.34 0.34 0.40 0.42 0.29 0.28 0.35 0.37 

a Sedentary and passive activities includes sleeping and napping 
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Table 3.24b. Descriptive Statistics for Minute Ventilation Rates (L/min) While 
Performing Activities Within the Specified Activity Category (US EPA, 2009)  
Age 
Category 
(years) 

Males Females 

Mean 50th 90th 95th Mean 50th 90th 95th 
 Sedentary & Passive Activitiesa (METS ≤ 1.5) 
Birth to <1  3.18 3.80 4.40 4.88 3.00 2.97 4.11 4.44 
1  4.62 5.03 5.95 6.44 4.71 4.73 5.95 6.63 
2  4.79 5.35 6.05 6.71 4.73 4.67 5.75 6.22 
3 to <6  4.58 5.03 5.58 5.82 4.40 4.34 5.29 5.73 
6 to <11  4.87 5.40 6.03 6.58 4.64 4.51 5.88 6.28 
11 to <16  5.64 6.26 7.20 7.87 5.21 5.09 6.53 7.06 
16 to <21  5.76 6.43 7.15 7.76 4.76 4.69 6.05 6.60 
21 to <31  5.11 5.64 6.42 6.98 4.19 4.00 5.38 6.02 
31 to <41  5.57 6.17 6.99 7.43 4.33 4.24 5.33 5.79 
41 to <51  6.11 6.65 7.46 7.77 4.75 4.65 5.74 6.26 
51 to <61  6.27 6.89 7.60 8.14 4.96 4.87 6.06 6.44 
61 to <71  6.54 7.12 7.87 8.22 4.89 4.81 5.86 6.29 
 Light Intensity Activities (1.5 < METS ≤ 3.0) 
Birth to <1  7.94 7.95 10.76 11.90 7.32 7.19 9.82 10.80 
1  11.56 11.42 14.39 15.76 11.62 11.20 15.17 15.80 
2  11.67 11.37 14.66 15.31 11.99 11.69 15.63 16.34 
3 to <6  11.36 11.12 13.40 14.00 10.92 10.69 12.85 13.81 
6 to <11  11.64 11.26 14.60 15.60 11.07 10.79 13.47 14.67 
11 to <16  13.22 12.84 16.42 18.65 12.02 11.76 14.66 15.82 
16 to <21  13.41 12.95 16.95 18.00 11.08 10.76 13.80 14.92 
21 to <31  12.97 12.42 16.46 17.74 10.55 10.24 13.40 14.26 
31 to <41  13.64 13.33 16.46 18.10 11.07 10.94 13.11 13.87 
41 to <51  14.38 14.11 17.39 18.25 11.78 11.61 13.85 14.54 
51 to <61  14.56 14.35 17.96 19.37 12.02 11.79 14.23 14.87 
61 to <71  14.12 13.87 16.91 17.97 10.82 10.64 12.62 13.21 
 Moderate Intensity Activities (3.0 < METS ≤ 6.0) 
Birth to <1  14.49 14.35 20.08 22.50 13.98 13.53 19.41 22.30 
1  21.35 20.62 26.94 28.90 20.98 20.14 27.09 29.25 
2  21.54 20.82 26.87 29.68 21.34 21.45 27.61 28.76 
3 to <6  21.03 20.55 25.60 27.06 20.01 19.76 23.83 25.89 
6 to <11  22.28 21.64 27.59 29.50 21.00 20.39 26.06 28.08 
11 to <16  26.40 25.41 33.77 36.93 23.55 23.04 28.42 31.41 
16 to <21  29.02 27.97 38.15 42.14 23.22 22.39 30.28 31.98 
21 to <31  29.19 27.92 38.79 43.11 22.93 21.94 30.02 32.84 
31 to <41  30.30 29.09 39.60 43.48 22.70 21.95 28.94 31.10 
41 to <51  31.58 30.44 40.28 44.97 24.49 23.94 30.79 33.58 
51 to <61  32.71 31.40 41.66 45.77 25.24 24.30 31.87 35.02 
61 to <71  29.76 29.22 36.93 39.98 21.42 20.86 25.72 27.32 

a Sedentary and passive activities includes sleeping and napping 
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In order to obtain minute ventilation rates that represent age ranges used in risk 
assessment for the “Hot Spots” program, age groups in Tables 3.25a-b were weighted 
equally by year of age and combined by OEHHA.  The male and female data were also 
merged assuming 50:50 ratio in the California population.  Two of the age groups 
combined from the U.S. EPA MET data do not exactly reflect the age ranges used by 
OEHHA, but they were judged reasonably close enough to use (i.e., combined MET 
ages 2 to <11 yrs represents OEHHA’s 2<9 yr age group; combined MET ages 16 to 
<31 yrs represents OEHHA’s 16<30 yr age group). 

Table 3.25a. Minute Ventilation Rates for OEHHA Age Groups in L/kg-
min (Males and Females Combined) 

 0<2 
years 

2<9 
years 

2<16 
years 

16<30 
years 

16-70 
years 

 Sedentary & Passive Activities (METS < 1.5) 
Mean 0.41 0.21 0.17 0.07 0.07 
95th Percentile 0.52 0.29 0.24 0.09 0.09 
 Light Intensity Activities (1.5 < METS < 3.0) 
Mean 1.01 0.52 0.42 0.16 0.16 
95th Percentile 1.25 0.70 0.56 0.21 0.21 
 Moderate Intensity Activities (3.0 < METS < 6.0) 
Mean 1.86 0.97 0.79 0.36 0.35 
95th Percentile 2.40 1.33 1.09 0.49 0.48 

Table 3.25b. Minute Ventilation Rates for OEHHA Age Groups in L/min 
(Males and Females Combined) 

 0<2 
years 

2<9 
years 

2<16 
years 

16<30 
years 

16-70 
years 

 Sedentary & Passive Activities (METS < 1.5) 
Mean 3.88 4.67 4.94 4.85 5.27 
95th Percentile 5.60 6.22 6.66 6.73 6.96 
 Light Intensity Activities (1.5 < METS < 3.0) 
Mean 9.61 11.34 11.79 11.92 12.56 
95th Percentile 13.57 14.80 15.67 16.15 16.24 
 Moderate Intensity Activities (3.0 < METS < 6.0) 
Mean 17.70 21.25 22.58 26.08 26.95 
95th Percentile 25.74 28.07 30.25 37.67 37.65 

From these tables, the 8-hour breathing rates were calculated by OEHHA based on age 
groupings used in the Hot Spots program and are presented in Section 3.2.  Eight-hour 
breathing rates based on high intensity activities (MET values >6.0) were not 
considered here because even at the 95th percentile, U.S. EPA (2009) showed that 
individuals spent only about 1 hour or less per day at this intensity.  For moderate 
intensity activities, the 95th percentile was at or near 8 hours/day for some age groups.  
For women in their third trimester of pregnancy, we are recommending using 8-hour 
breathing rates based on moderate intensity activities.   
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3.7 Short-term (1-Hour) Ventilation Rates 

SB-352 mandates school districts to conduct a risk assessment for school sites located 
within 100 meters of a freeway or busy roadway, and also mandates that the AB-2588 
risk assessment guidance be used in the risk assessment.  Assessing cancer risks due 
to exposure at a school site requires less than 24 hour breathing rates.  OEHHA 
recommends breathing rates derived from the USEPA (2009) age-specific ventilation 
rates for these purposes.   

The U.S. EPA ventilation rates were developed for various levels of activity and can be 
used to estimate inhalation cancer risk from short-term maximal emissions from 
facilities.  Breathing rates for children at school can range from sedentary in the 
classroom to active on the playground or sports field.  OEHHA assumes that in some 
cases, a day care facility will be present on the school site where children may be as 
young as 0<2 years of age.  The age ranges that U.S. EPA (2009) presents are useful 
for estimating the impact of early-in-life exposure for school-age children.  Classroom 
instructors (i.e., adults) are also considered under SB-352.  If the soil ingestion or 
dermal pathways need to be assessed, OEHHA recommends the exposure variates 
presented elsewhere in this document.   The public health protective approach is to 
assume that all daily dermal and soil ingestion exposure occurs at school.    

As discussed in Section 3.6 above, U.S. EPA (2009) used existing data of ventilation 
rates (in ml/min or ml/kg-min) from a range of activities and assigned MET values 
depending on the intensity level of activity.  Table 3.26 shows MET values various 
school-related activities collected from the CHAD database (U.S. EPA, 2009).   

Table 3.26. METS Distributions for School-Related Activities 

Activity Description Mean Median SD Min Max 
Passive sitting 1.5 1.5 0.2 1.2 1.8 
Use of computers 1.6 1.6 0.2 1.2 2.0 
Do homework 1.8 1.8 - 1.8 1.8 
Use library 2.3 2.3 0.4 1.5 3.0 
Attending day-care 2.3 2.3 0.4 1.5 3.0 
Attending K-12 schools 2.1 2.1 0.4 1.4 2.8 
Play indoors 2.8 2.8 0.1 2.5 3.0 
Play outdoors 4.5 4.5 0.3 4.0 5.0 
Recess and physical education 5.0 5.0 1.7 2.0 8.0 

For OEHHA’s purposes, the minute ventilation rates of males and females from Tables 
3.24a-b were combined assuming a 50:50 proportional population distribution, and 
some age groups were combined assuming equal number of individuals in the 
population per year of age (Table 3.27a-b).  For the SB-352, the child age groups were 
0<2 years (infants), 2<6 years (preschool, kindergarten), 6<11 years (grade school), 
11<16 (junior high and high school).  From these minute ventilation rates, 1-hour 
ventilation rates are derived and presented in Section 3.2.  
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Table 3.27a.  Minute Ventilation Rates for SB352 School Sites in L/kg-
min (Males and Females Combined) 

 0<2  
years 

2<6  
years 

6<11 
years 

11<16 
years 

16-70 
years 

 Sedentary & Passive Activities (METS < 1.5) 
Mean 0.41 0.28 0.16 0.10 0.07 
95th Percentile 0.52 0.38 0.23 0.14 0.09 
 Light Intensity Activities (1.5 < METS < 3.0) 
Mean 1.01 0.69 0.38 0.24 0.16 
95th Percentile 1.25 0.90 0.54 0.32 0.21 
 Moderate Intensity Activities (3.0 < METS < 6.0) 
Mean 1.86 1.26 0.73 0.47 0.35 
95th Percentile 2.40 1.72 1.03 0.65 0.48 
 High Intensity Activities (METS ≥ 6.0) 
Mean - 2.27 1.37 0.92 0.64 
95th Percentile - 3.12 1.87 1.34 0.93 

Table 3.25b.  Minute Ventilation Rates for SB352 School Sites in L/min 
(Males and Females Combined) 

 0<2  
years 

2<6  
years 

6<11 
years 

11<16 
years 

16-70 
years 

 Sedentary & Passive Activities (METS < 1.5) 
Mean 3.88 4.56 4.76 5.43 5.27 
95th Percentile 5.60 5.95 6.43 7.47 6.96 
 Light Intensity Activities (1.5 < METS < 3.0) 
Mean 9.61 11.31 11.36 12.62 12.56 
95th Percentile 13.57 14.38 15.14 17.24 16.24 
 Moderate Intensity Activities (3.0 < METS < 6.0) 
Mean 17.70 20.75 21.64 24.98 26.95 
95th Percentile 25.74 27.16 28.79 34.17 37.66 
 High Intensity Activities (METS ≥ 6.0) 
Mean - 37.34 41.51 48.69 50.10 
95th Percentile - 49.66 58.50 69.62 73.23 

No high intensity minute ventilation rates are included in Tables 3.25a-b for infants age 
0<2 yrs.  The distributions generated by U.S. EPA (2009) for hrs/day spent at MET 
values ≥6.0 for infants (age 0<2 yrs) suggest that this level of activity for a 1-hr duration 
is unlikely for this age group. 

SB-352 is also designed to protect adults working at the schools, including pregnant 
women.  For women in their third trimester of pregnancy, OEHHA is recommending 
using ventilation rates of moderate intensity activities based on the same reasoning 
cited above in Section 3.6. 
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I. Introduction 

Autumn	Wind	Associates	provides	this	letter	in	response	to	air	quality	related	information	

contained	in	the	recently	released	Final	EIR	for	the	Event	Center	and	Mixed‐Use	Development	at	

Mission	Bay	Blocks	29	–	32	(hereinafter	referred	to	as	“Events	Center”	or	“project”);	we	submit	

this	comment	letter	at	the	request	of	Tom	Lippe,	Esq.			

	

We	continue	to	have	serious	concerns	with	certain	portions	of	the	EIR’s	air	quality	analysis	and	

mitigation,	and	specifically	take	issue	here	with	a	number	of	the	Lead	Agency’s	responses	to	our	
comments	submitted	in	August	on	the	DSEIR.			Details	are	provided	below.	
	

	
	

II. BAAQMD’s	NSR‐Derived	Thresholds	of	Significance	Used	by	the	Lead	Agency	
Continue	to	Under‐Represent	Project	Emissions	Significance	

	
In	our	comments	submitted	previously	on	the	DSEIR,	we	noted	that	the	BAAQMD’s	CEQA	
thresholds	of	significance,	applied	by	the	Lead	Agency	to	evaluate	the	Event	Center	project’s	
emission	impacts,	were	developed	non‐scientifically	from	NSR	values	that	were	designed	to	
counterbalance	anticipated	growth	in	stationary	source	facility	emissions	under	the	jurisdiction	
of	the	BAAQMD.		An	inherent	problem	with	using	NSR	emission	thresholds	for	constructing	
CEQA	thresholds	is	that	the	9‐county	air	basin’s	stationary	sources	represent	no	more	than	a	
small	percentage	of	the	total	emissions	inventory.			

	
Vehicle	emissions	within	the	basin,	by	contrast,	represent	the	lion’s	share	of	criteria	pollutants	

and	are	chiefly	responsible	for	the	basin’s	ozone	nonattainment	designations	that	stretch	back	

decades.		Similarly,	the	region’s	nonattainment	of	particulate	standards	has	been	heavily	

influenced	by	vehicle	emissions.		To	exemplify,	fully	84%	of	NOx	(ozone	precursor)	emissions	in	

the	Bay	Area	air	basin	are	emitted	by	vehicles1,	and	not	by	stationary	sources.		The	region	has	
been	designated	nonattainment	for	PM2.5;	fine	particulate	is	generated	almost	entirely	by	

combustion	(including	internal	combustion	occurring	in	vehicle	engines),	and	monitored	values	

																																																								
1	A	“vehicle”	is	typically	characterized	by	its	being	self‐propelled,	and	includes	both	onroad	and	offroad	applications.		
See	Table	4,	pg.	6	for	distribution	of	BAAQMD’s	annual	average	emissions	by	major	source	categories;	“Bay	Area	
Emissions	Inventory	Summary	Report:	Criteria	Air	Pollutants	Base	Year	2011”	at	
http://baaqmd.gov/~/media/Files/Planning%20and%20Research/Emission%20Inventory/BY2011_CAPSummary
.ashx?la=en	
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in	the	region	continue	to	climb	annually;	28%	of	the	total	inventory	is	attributed	to	vehicles.			

Importantly,	population	(people)	regionally	continues	its	historical	growth	in	lockstep	with	

numbers	of	vehicles	and	vehicle‐miles‐traveled;	despite	substantial	advances	in	technical	on‐

vehicle	controls	and	reductions	in	tailpipe	emissions	of	both	NOx	and	particulates	over	the	years,	

the	region	continues	to	exceed	federal	and	state	air	quality	standards.				

	

As	we	noted	previously,	establishing	CEQA	thresholds	of	significance	levels	using	NSR	levels	is	to	

automatically	undercut	emission	reductions	that	should	be	obtained	from	each	new	“indirect	

source”	(such	as	the	Event	Center	that	will	attract	new	vehicle	trips	and	related	emissions)	

subject	to	CEQA	review.			By	using	outdated,	non‐scientifically	designed	NSR	values,	CEQA	

thresholds	adopted	by	BAAQMD	and	borrowed	for	use	by	OCII	will	automatically	underrepresent	
air	emission	significance,	particularly	when	evaluated	against	past	nonattainment	designations	

and	PM2.5	ambient	air	monitoring	values	that,	despite	recession	effects,	continue	to	reflect	a	
slowly	worsening	trend	line.	
	
At	FEIR	pg.	13.13‐15,	the	Lead	Agency	states	that	ozone	levels	have	declined	17%	over	the	last	
20	years,	despite	increases	in	VMT	and	vehicle	population	numbers.		The	implicit	rationale	here	
is	that	improvements	in	regional	ozone	numbers	reflect	validly‐set	CEQA	threshold	values	and	
are	to	answer	for	some	of	that	gain,	yet	this	is	not	true.		No	evidence	is	provided	by	the	Lead	
Agency	to	show	that	ambient	air	ozone	monitoring	data	to	support	the	17%	figure	is	linked	
causally	to	the	levels	at	which	the	CEQA	thresholds,	based	on	under‐representative	NSR	
thresholds	have	been	set	for	NOx	and	ROG	precursor	pollutants.				Real	reductions	in	NOx	
emissions	over	the	last	20	years	attributable	by	use	of	the	District’s	CEQA	NOx	threshold	on	land	

use	cases	will	represent,	at	mostly,	only	a	tiny	sliver	of	the	total	improvement	picture	if	it	

represents	any	all.			What	answers	for	that	17%	improvement	statistic	is	not	the	District’s	CEQA	
thresholds	that	were	set	on	the	under‐representative	NSR	lbs/day	values,	but	the	extraordinary	

reductions	availed	by	increasingly	stringent	tailpipe	standards	invoked	at	the	state	and	federal	

levels	over	the	last	five	decades.				
	

NOx	and	ROG	are	ozone	precursors,	and	vehicle	emissions	controls	and	their	related	regulations	

and	improvements	have	focused	on	them	almost	exclusively	across	the	last	several	decades.		To	
exemplify	the	gains,	federal	NOx	tailpipe	standards	for	cars	dropped	(becoming	more	stringent)	

35%	in	1977,	then	50%	more	in	1981,	then	another	40%	off	the	50%	in	1994,	then	another	50%	

from	there	in	1999,	then,	from	that	1999	level	another	77%	through	2009	model	year.			For	

SUVs,	vans,	and	heavier	trucks	between	6000‐8500	lbs,	NOx	reductions	were	imposed	with	a	
10%	reduction	required	in	1994,	and	then	with	an	additional	65%	‐	95%	depending	on	vehicle	
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type	by	20092.			By	comparison,	the	BAAQMD’s	NSR	thresholds	in	19993,	shown	at	FEIR	pg.	

13.13‐15,	were	set	at		15	tons	per	year	for	ROG	,	NOx,	and	PM10,	equating	to	80	lbs/day.			Those	

NSR	trigger	levels	would	drop,	once,	to	ten	tons	a	year	roughly	a	decade	later,	and	CEQA	

thresholds	upon	which	they	were	based	were	reduced	similarly	to	current	levels	(54	lbs/day	

each	for	ROG,	NOx;	PM2.5;	82	lbs/day	PM10).		For	the	daily	NOx	threshold	in	effect	now,	this	

represents	a	32.5	%	reduction	from	the	NSR‐based	1999	threshold.			How	relevant	was	that	to	

improving	regional	air	quality,	as	judged	by	the	17%	statistic?			Comparing	that	reduction	to	the	

percentage	NOx	reductions	contributed	by	increasingly	stringent	federal	tailpipe	emission	

standards,	the	Bay	Area’s	tailpipe	onroad	NOx,	formative	of	ozone	air	pollution,	decreased	by	at	

least	sixteen	times	that	amount	on	a	percentage	basis.		(32.5%	NOx	threshold	value	decrease	vs.	

decrease	in	NOx	onroad	tailpipe	standards	of	35%	x	50%	x	40%	x	50%	x	77%,	or	a	net	reduction	
of	almost	97%	via	onroad	NOx	standards.)				

	
Clearly,	any	inference	by	the	Lead	Agency	in	the	FEIR	that	the	CEQA	thresholds,	having	been	set	
arbitrarily	on	under‐representative	NSR	thresholds,	are	to	account	for	the	17%	regional	
improvement	in	ozone	air	pollution	over	the	past	20	years	is	unsupported	by	the	evidence.		In	
fact,	it	can	and	should	be	argued	that	only	a	17%	regional	ozone	improvement,	as	judged	against	
the	stunning	improvements	in	mobile	source	emission	reductions	provided	by	federal	and	state	
regulation,	is	a	clear	and	obvious	indictment	of	the	growth	in	indirect	source	emissions	
(including	the	17	tons	of	ozone	precursors	likely	underestimated	for	the	Event	Center	project)	
resulting	from	BAAQMD’s	improperly	designed,	under‐representative	CEQA	thresholds	of	
significance.		
	

Further	underscoring	that	mobile	source	criteria	pollutants	are	decreasing	not	from	local	air	

agency	programs	but	as	a	result	of	state	and	federal	ones,	the	most	recent	summary	report,	the	
BAAQMD’s	“Bay	Area	Emissions	Inventory	Summary	Report:	Criteria	Pollutants		Base	Year	

2011”,	at	pg.	13	attributes	regional	ROG	(an	ozone	pre‐cursor)	improvements:															

	
“CARB	regulations	on	mobile	sources	have	also	significantly	reduced	ROG	emissions.	On‐

road	motor	vehicle	emissions	have	declined	over	the	years	despite	annual	increases	in	

Vehicle	Miles	Travelled	(VMT).	This	is	due	to	the	fleet	turnover,	with	newer,	lower	

emitting	vehicles	replacing	older,	higher	emitting	ones.	The	introduction	of	Reformulated	

Gasoline	Phase	II	(RFGII)	in	1996	and	the	introduction	of	Enhanced	Inspection	and	

																																																								
2	US	EPA;	Emission	Facts			The	History	of	Reducing	Tailpipe	Standards.	See:	
www3.epa.gov/otaq/consumer/milestones.htm+&cd=1&hl=en&ct=clnk&gl=us		
3	See	BAAQMD	CEQA	GUIDELINES	Assessing	the	Air	Quality	Impacts	of	Projects	and	Plans;	1999;	pg	16.		
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Maintenance	program	(Smog	Check	II)	in	the	Bay	Area,	which	started	in	October	2004,	

have	resulted	in	further	reductions.”	

	

At	pg.	14,	NOx	strategies	and	improvements	for	the	Bay	Area	are	identified:	

	

“Reductions	in	NOx	emissions	prior	to	2011	were	due	in	part	to	Air	District	regulations	on	

combustion	sources	including	refineries	and	power	plants.		Tighter	emission	controls	on	

motor	vehicles	also	significantly	reduce	NOx	emissions.		Smog	Check	II,	introduced	in	the	

Bay	Area	in	2004,	played	an	important	role	in	achieving	NOx	reductions,	as	it	requires	

that	vehicles	are	tested	and	that	failing	vehicles	are	repaired.		NOx	emissions	from	on‐

road	motor	vehicles	will	continue	to	decline	due	to	fleet	turnover.		CARB’s	aggressive	
regulations	on	on‐road	heavy	duty	diesel	trucks,	buses,	and	construction	equipment	will	

continue	to	reduce	NOx	and	diesel	particulate	matter.	“	
	
This	excerpt	reinforces	the	BAAQMD’s	historical	and	largely	exclusive	focus	on	1)	imposing	NOx	
reductions	on	the	same	stationary	sources	that	represent	only	a	very	small	margin	of	the	air	
basin’s	NOx	inventory;	and	2)	continuing	the	historical	reliance	on	the	State	and	federal	
government	for	Smog‐Check,	cleaner	vehicle	tailpipe	standards,	and	other	“aggressive	
regulations”	to	reduce	both	NOx	and	PM	engine	emissions.				
	
BAAQMD’s	CEQA	thresholds,	adopted	for	use	by	OCII	on	the	Events	Center	project	EIR,	have	been	
and	remain	under‐representative	quantitatively	based	on	non‐scientifically	derived	NSR	
thresholds.		NSR‐derived	CEQA	thresholds	will	fail	to	adequately	counterbalance	land	use	

growth‐related	increases	in	new,	indirect	source	(vehicle)	emissions	of	the	Events	Center,	along	

with	emissions	from	other	land	use	projects	in	the	Bay	Area,	subject	to	CEQA	review,	and	those	
land	use	projects	will	generate	thousands	of	tons	of	emissions	on	an	annual	basis	no	

differently—aside	from	being	greatly	under‐evaluated	by	use	of	the	District’s	lax	CEQA	

thresholds‐‐	than	those	highly	regulated	local	stationary	sources	operating	under	routine,	severe	
restrictions	by	the	air	district.			

	

In	conclusion,	use	of	the	BAAQMD’s	CEQA	thresholds	to	evaluate	the	Event	Center	project’s	
impact	significance	for	both	onroad	and	offroad	emissions	have	been	based	on	under‐

representative	NSR	daily	emission	offset	levels,	and	those	levels,	applied	to	evaluate	the	Events	

Center’s	air	impacts,	will	understate	their	significance	to	local	and	regional	air	quality.			This	is	no	

more	appropriate	than	the	Lead	Agency’s	implication	that	the	region’s	17%	improvement	in	
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regional	ozone	over	a	20‐year	period	is	attributable	to	those	under‐representative	CEQA	

thresholds.		

	
	

III. NBA‐Game	Vehicle	Trips	Associated	with	Oracle	Arena	Appear	To	Have	Not	Been	
Relinquished	For	Use	by	SF	Warriors	at	Proposed	Events	Center	

	

At	FEIR	13.13‐45,	the	Lead	Agency	has	again	repeated	its	contention	that	basketball‐related	

games	at	the	Oracle	Arena	in	Oakland	represent	existing	baseline	vehicle	emissions	which,	

already	existing,	are	transferable	to	the	new	SF	arena.		The	FEIR’s	air	emissions	estimates	rely	on	

this	baseline	argument	to	avoid	disclosinig	greater	emission	offsets	that	would	otherwise	be	

necessary	to	reduce	the	project’s	emissions	to	less	than	significant	levels.			
	

“These	trips	occur	now	so	they	are	part	of	the	existing	baseline	condition.	It	is	reasonable	
to	assume	that	the	Oracle	Arena	will	not	be	host	to	another	NBA	franchise	in	the	Bay	Area,	
so	no	new	vehicle	emissions	associated	with	NBA	basketball	games	would	be	expected	in	
the	region.	This	assumption	is	supported	by	substantial	evidence	and	vetted	by	OCII.	The	
assumption	was	also	accepted	by	the	California	Air	Resources	Board	when	it	approved	
the	project	sponsor’s	analysis	of	greenhouse	gas	emissions	pursuant	to	its	AB	900	
application.”...	
	
“The	Specific	Plan	(Oakland	Coliseum	Area	Specific	Plan	Final	EIR)	is	based	on	Oakland’s	
assumption	that	all	three	current	City	of	Oakland	sports	franchises	(the	Raiders,	the	A’s	
and	the	Warriors)	will	make	independent	business	decisions	to	remain	in	Oakland,	and	at	

the	Coliseum	District,	and	that	each	of	the	sports	franchises	will	have	new,	separate	

venues	for	their	games.	Consequently,	the	assumptions	within	the	Coliseum	Area	Plan	
Final	EIR	are	entirely	different	from	those	of	the	proposed	project.	

	

However,	as	we	noted	in	our	previous	comments	Oakland	has	clearly	identified	at	various	
locations	in	its	August	2014	Coliseum	Area	Specific	Plan	DEIR	that	it	has	assumed	that	its	

baseline	involves	retention	of	the	Warriors,	and	hence	EIR	emissions	estimates	are	predicated	on	

that	fact.		
	

	The	issue	here	is	not	whether	the	Warriors	intend	to	move	to	the	new	SF	Events	Center	and	that	

some	existing	vehicle	trips	will	move	with	them,	but	whether	the	game‐related	vehicle	trips	the	

Events	Center	EIR	has	claimed	in	its	emissions	calculations	and	for	mitigation	value	are	
transferable	from	the	Oracle	Arena.			If	the	modernizing	and	expansion	of	the	area,	inclusive	of	
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the	Oracle	Arena,	intends	to	keep	those	trips	on	their	books	(and	the	Coliseum	SPA	DEIR	

indicates	they	will),	they	cannot	then	also	be	claimed	for	application	to	the	SF	Event	Center	

project	(as	they	have	been).	We	continue	to	contend	that	they	cannot	be	applied	in	the	Events	

Center	project	because	they	have	not	been	relinquished	by	the	existing	facility	that	is	anticipated	

within	the	Coliseum	redevelopment	process,	and	there	is	no	evidence	(a	letter	from	the	City	of	

Oakland,	a	clear	statement	in	the	Coliseum	SPA	DEIR	that	they	have	not	continued	to	count	those	

NBA‐franchise	related	vehicle	trips,	etc.)	provided	in	the	SF	Events	Center	EIR	to	that	effect.			The	

Coliseum	SPA	DEIR	anticipates	modernizing	the	existing	Oracle	Arena	with	no	substantive	

change	in	location,	and	retention	of	the	NBA	franchise	or	recruitment	of	a	non‐NBA	sports	team.			

At	Coliseum	SPA	DEIR	pg.	4.4‐59	baseline	emissions	were	identified	for	2013.			Further,	the	

Oakland	DEIR	was	released	in	July	2014,	a	year	prior	to	issuance	of	the	SF	Events	Center	DEIR,	
and	at	least	four	months	prior	to	the	release	of	the	Event	Center	NOP.			Coliseum	SPA	DEIR	pg.	

4.4‐59:				
	

“CalEEModTM	2013.2.2	was	used	to	evaluate	(...)	criteria	pollutant	emissions	for	(...)	
existing	criteria	pollutant	emissions	from	the	Coliseum	District	area	(“Existing	No	
Project”,	or	“2013	Baseline”).”	

	
Showing	in	the	screenshot	below,	Coliseum	SPA	DEIR	pg.	4.2‐61,	Table	4.2‐7	provides	baseline	
operational	emissions	for	the	Coliseum	project,	inclusive	of	existing	Warriors	game	trips,	for	the	
2013	baseline	year,	and	then	again	for	the	2035	baseline	year.			According	to	the	DEIR:	
	

“Table	4.2‐7	shows	estimated	average	daily	and	annual	maximum	criteria	emissions	

under	current	conditions	(2013	Baseline),	as	well	as	the	emissions	projected	from	current	

land	uses	at	the	Coliseum	District	as	they	would	occur	in	2035	(2035	Baseline).	These	
projected	2035	baseline	emissions	are	based	on	a	continuation	of	existing	land	uses,	

vehicle	trips,	and	VMTs.		(Emphasis	added)		Over	time,	regulatory	changes	at	the	state	

level	are	projected	to	go	into	effect,	resulting	in	improvements	primarily	to	vehicle	
exhaust	emissions.”	
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Immediately	after,	the	DEIR	states:		
	

“Table	4.2‐8	shows	average	daily	and	maximum	annual	projected	2035	criteria	air	
pollutant	emissions	with	the	Coliseum	District	project,	compared	with	2013	Baseline	

emissions	levels,	and	the	incremental	increase	of	emissions.	The	table	shows	that	for	each	

criteria	pollutant,	in	the	year	2035,	the	development	will	emit	more	pollutants	than	the	
City’s	threshold.”	

	

A	screenshot	of	Table	4.3‐8	is	provided:	
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The	Coliseum	SPA	DEIR	has	made	it	abundantly	clear	in	written	and	graphical	form	that	it	has	
assumed	retention	of	the	Warriors	at	their	present	Oakland	area	site	or	recruitment	of	a	
replacement	non‐NBA	team,	counted	those	related	vehicle	trips	and	their	attendant	air	pollution	
impacts,	and	it	has	provided	baseline	emissions	data	for	2013	for	estimation	of	emissions	for	the	

proposed	Coliseum	development,	with	Arena	renewal,	that	reflects	that	retention.		In	Table	4.2‐8	
immediately	above,	the	“Project	Increment”	column	represents	the	difference	between	the	

Warrior’s	emission	baseline	values,	inclusive	of	game‐related	trips	that	have	been	ongoing	at	the	

facility	for	decades,	and	the	2035	future‐case	projection.			Nothing	has	been	provided	to	show	

that	the	Oakland	EIR	has	relinquished	its	historical	NBA‐franchise	trips,	and	thus	those	“existing”	

trips	and	their	emissions	must	not	then	be	applied	as,	in	effect,	a	credit	in	the	SF	EIR,	since	an	
automatic	under‐representation	and	under‐mitigation	of	the	Event	Center’s	total,	significant	

operational	emissions	(largely	caused	by	vehicle	trip	emissions)	will	then	occur.		While	this	helps	

the	Event	Center	Applicant	since	fewer	emission	offsets	will	need	to	be	acquired	to	bring	the	
project’s	significant	emissions	down	to	sub‐threshold	levels,	it	is	not	appropriate	under	CEQA.	
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No	information	is	found	in	Table	footnotes	or	surrounding	to	reflect	that	trips	factored	into	the	

2013	baseline	were	somehow	relieved	of	the	increment	of	historical	Warrior	game‐related	trips	

that	must	be	carefully	accounted	for	in	the	CEQA	review	process	for	both	projects,	nor	has	the	SF	

Events	Center	EIR	ever	provided	actual	evidence	that	the	Oakland	Coliseum	project	has	

relinquished	or	abandoned	those	baseline	Warrior	trips,	already	studied	and	accounted	for	

under	CEQA,	to	the	Oracle	Arena	as	it	is	redeveloped	and	expanded.		Unless	the	SF	Events	Arena	

project	can	provide	factual	information	from	Oakland	Coliseum	SPA	EIR	administrators	that	

shows	that	trip	emissions	associated	with	the	long‐established	NBA‐style	games	at	the	Oracle	

Arena	will	not	continue	with	the	Warriors	or	any	other	similar	sports	team,	and	that	the	

Coliseum	project	has	abandoned	any	intent	to	have	a	replacement	sports	team	for	the	purposes	

of	estimating	the	emissions	of	the	redeveloped,	new	arena	proposed	for	the	Coliseum	Specific	
Plan	Area,	the	SF	Events	Center	cannot	claim	or	use	any	measure	of	them	for	their	emissions	

estimates	or	for	mitigation	offsetting.				
	
Finally,	CARB’s	AB	900	GHG	streamlined	analysis	process	for	large	(>$100	million)	projects	is	
not	part	of	the	CEQA	process	used	to	estimate	and	evaluate	the	proposed	SF	Arena’s	
environmental	impacts,	does	not	afford	the	public	effective	review	and	input,	nor	is	it	subject	to	
administrative	review.			Without	evidence	provided	in	the	SF	Events	Center	EIR	of	a	potential	for	
double‐claimed	Warriors	trips,	CARB	likely	erred	if	they	assumed	that	Oracle	Arena	NBA	trip	
emissions	were	wholly	fungible	with	and	transferable	to	the	SF	EIR.			Before	the	SF	Events	Center	
can	legitimately	claim	any	benefit	from	Oracle’s	NBA‐related	vehicle	trips	for	reducing	its	new,	
estimated	vehicle	emissions	under	CEQA,	they	must	have	been	“taken	off	the	books”	in	Oakland	
in	order	to	prevent	what	would	in	effect	be	a	double‐counting.			As	we	noted	previously,	those	

Oracle‐based	NBA	trips	cannot	be	transferred	to	San	Francisco’s	proposed	Events	Center	if	they	

have	been	retained	“on	the	books”	in	Oakland.			Nothing	in	the	FEIR	proves	otherwise.	
	

	

IV. Project	Mitigation	to	Reduce	Construction	and	Operational	Emissions	Is	Flawed	
	

At	FEIR	pg.	13.13‐53	the	Lead	Agency	rebuffs	concerns	that	Tier	2	engines	and	Tier	4	engines	

required	in	the	SDEIR	of	all	195	pieces	of	project‐related	construction	equipment	may	not	
provide	adequate	emission	reductions:	

	

“As	a	part	of	the	implementation	guidance,	the	City	Planning	Department	presents	the	

results	of	a	statewide	data	summary	gathered	by	the	California	Air	Resources	Board	as	
part	of	compliance	with	the	In‐Use	Off‐Road	Diesel	Regulation.	The	data	indicate	the	
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available	construction	equipment	at	various	engine	tier	levels.		These	data	indicate	that	in	

2014	approximately	59	percent	of	all	off‐road	equipment	in	the	state	were	operating	with	

Tier	2	engines	or	better.	Given	that	the	majority	of	equipment	statewide	is	capable	of	

complying	with	the	conditions	of	Mitigation	Measure	M‐AQ‐1,	it	is	reasonable	to	conclude	

that	the	measure	represents	feasible	mitigation.”	

	

No	information	has	been	provided	in	the	SDEIR	or	FEIR	as	evidence,	other	than	the	statistic	

excerpted	above,	that	all	195	pieces	of	project	construction	equipment	will	be	available	for	work	

at	the	Event	Center	at	all	times	necessary	during	the	26‐month	long	construction	process.		

Rather	than	contacting	major	construction	firms	expected	to	bid	on	the	project	to	determine	

actual	Tier	2	or	better	equipment	availability,	the	Lead	Agency	has	belatedly	decided	to	rely	on	
nothing	more	than	the	belatedly‐developed	statistic	excerpted	above.		In	actuality,	this	statistic	

reflects	serious	flaws;	it	acts	as	another	example	of	the	Lead	Agency’s	inexperience	with	
construction	vehicles	and	practices.						
	
A	statistical	average	may	look	good	on	paper	but	it	cannot	ensure	provision	of	all	195	pieces	of	
equipment	that	must	meet	the	FEIR	MM‐AQ‐1’s	Tier,	VDECs,	and	NOx	requirements‐‐‐only	
actual,	compliant	equipment	available	for	use	at	the	project	will.		Why	did	the	Lead	Agency	fail	to	
conduct	a	survey	of	construction	firms	that	could	be	expected	to	bid	on	Event	Center	work?			No	
information	is	provide	in	the	EIR	that	actual	fleets	which	can	be	expected	to	work	at	the	Events	
Center	project	are	available	to	meet	the	requirements	of	the	mitigation	measure.			Further,	the	
statistic	provided	by	the	Lead	Agency	does	not	say	that	59%	of	all	construction	equipment	
vehicles	in	CA	will	meet	Tier	2	or	better	status‐‐rather,	it	says	that	all	offroad	vehicles	do	(as	of	

2014).		All	offroad	vehicles	are	not	all	construction	vehicles;	in	fact,	construction	vehicles	are	a	

small	subset	of	all	offroad	vehicles.		Moreover,	the	rate	of	compliance	for	construction	vehicles,	
particularly	large,	expensive,	long‐lived	ones	(scrapers,	excavators,	pile	drivers,	etc.)	will	be	far	

lower	than	the	average	for	all	offroad	vehicles	that	include	such	non‐construction	equipment	as	

ground	support	vehicles	at	airports,	agricultural	forklifts,	and	myriad	other	offroad,	non‐
construction	equipment	types.			Because	the	statistic	represents	all	offroad	vehicles	in	CA	and	not	

construction	vehicles,	it	cannot	be	used	to	even	roughly	determine	the	proportion	of	

construction	vehicles	supposedly	available	to	the	project	with	Tier	2	engines,	VDECs,	and	40%	
NOx	control;	hence,	the	statistic	is	irrelevant	to	the	Events	Center	project	environmental	review	

and	does	nothing	to	refute	our	concerns	expressed	clearly	at	the	SDEIR	review	stage.			This	is	a	

major	flaw,	but	others	are	no	less	important.			

	



Air	Quality	Comments	for	Event	Ctr	–	Mission	Bay	Blocks	29‐32	FEIR,	San	Francisco	CA		
Autumn	Wind	Associates,	Inc.	916.719.5472	
Oct.	30,	2015	

	

12	
	

Rather	than	relying	solely	on	the	FEIR’s	statistic	to	respond	to	public	concerns	of	construction	

mitigation	challenges,	the	construction	equipment	list	for	the	project	found	at	FEIR	Vol	6,	pg.	413	

of	1669	should	have	been	used	by	the	Lead	Agency	for	comparisons	to	CARB	offroad	

construction	vehicle	and	equipment	databases,	and	then,	more	importantly,	to	develop	a	survey	

of	construction	companies	capable	of	working	on	the	project	for	their	compliant	equipment	lists.		

Other	CEQA	projects,	particularly	in	the	Sacramento	area4,	have	involved	detailed	surveys	of	

construction	firms	to	determine	their	equipment	compliance	mitigation	potential	and	

availability.			Just	as	importantly,	CARB	offroad	regulations	(as	of	2011)	no	longer	require	VDECs	

be	installed	on	all	Tier	2	vehicles,	nor	will	OSHA	restrictions	permit	such	due	to	sight‐and‐

visibility	concerns5.			In	reality,	it	is	a	near‐certainty	that	all	195	pieces	of	offroad,	each	required	

to	be	Tier	2	or	better	engines	and	equipped	with	VDECs	and	producing	40%	NOx	reduction,	will	
be	unavailable—and	unattainable‐‐	for	compliance	with	the	mitigation’s	requirements.		

	
While	the	FEIR’s	offroad	emissions	mitigation	is	unlikely	to	meet	the	Tier	2	or	better	
requirement	with	mandatory	VDECs,	it	is	also	virtually	certain	to	fail	the	mandated	40%	NOx	
reduction	required	of	each	piece	of	equipment.			To	an	even	worse	extent	than	the	VDECS	
requirement,	the	mitigation	measure’s	linked	NOx	decrement	is	not	practicably	obtainable	since	
there	are	no	CARB‐approved	VDECs	products	that	will	provide	highly	effective	particulate	
filtering	with	that	level	of	NOx	destruction.			While	the	Cleaire	Longview	product	would	produce	
DPM	control	with	25%	NOx	destruction,	it	was	limited	to	onroad	vehicles	only,	no	CARB	
certifications	were	obtained	after	early	2013,	and	Cleaire	has	been	out	business	for	some	time.			
Cleaire’s	offroad	counterpart	product,	the	Lonestar	product,	was	designed	to	produce	similar	
emission	benefits,	but	was	limited	to	certain	years	of	rubber‐tired	construction	vehicles	only.			

(We	note	that	the	construction	equipment	list	for	the	Events	Center	project	at	FEIR	Vol	6,	pg.	413	
of	1669,	lists	use	of	scrapers,	excavators,	and	other	types	of	construction	equipment	that	are	

tracked,	not	rubber‐tired.)		The	Johnson‐Mathey	EGRT	product,	capable	of	Level	III	particulate	

control	with	40%	NOx	destruction	has	been	CARB‐certified	for	certain	pre‐2003	onroad	trucks	
only.		The	Nett	BlueMax	DPF‐SCR	product,	while	producing	substantial	reductions	of	NOx	and	

particulate,	is	certified	only	for	certain‐year	stationary	gensets.			Finally,	the	ECS	DPF	catalyst	

with	use	of	an	aqueous	diesel	product	will	produce	only	Level	II	particulate	control	with	20%	

NOx	destruction;	however,	the	PuriNOx	diesel	fuel	product	has	not	been	available	for	a	number	

of	years	and	thus	that	option	is	not	viable.	
	

																																																								
4	Personal	conversations	with	SMAQMD	CEQA	planner	Karen	Huss;	October,	2015		
5	See	OSHSB	regulation	regarding	exhaust	retrofit	visibility;	http://www.arb.ca.gov/msprog/ordiesel/vdecssafety.htm	
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As	written,	the	Events	Center	EIR’s	MM‐AQ‐1	requires	that	every	piece	of	offroad	construction	

equipment	used	at	the	project	will	be	mitigated	with	required	use	of	Tier	2	engines	equipped	

with	VDECs	and	40%	NOx	reduction	if	similarly‐equipped	Tier	4	and	then,	next,	Tier	3	

equipment	are	not	available.			The	measure	mandates	without	exception	that	every	piece	of	

equipment	to	be	used	at	the	Events	Center	project,	regardless	of	Tier,	will	include	VDECs	that	

must	produce	a	collateral	40%	NOx	reduction.			To	our	knowledge,	there	are	no	VDECs	products,	

CARB‐certified	for	use	in	CA,	which	will	provide	that	level	of	NOx	destruction.		Further,	we	stress	

that	M‐AQ‐1	requires	the	specified	level	of	NOx	destruction	on	both	Tier	3	and	4	engines,	and	

thus	later	model	engines	with	relatively	lower	NOx	emissions	(due	to	more	stringent	emission	

standards)	would	still	need	to	produce	the	40%	NOx	decrement	taken	against	either	their	

respective	Tier	3	or	Tier	4	NOx	certification	levels.					
	

We	have	provided	here	a	screenshot	of	a	relevant	portion	of	M‐AQ‐1	from	SDEIR	pg.	5.4‐35:	
	

	
	
As	the	compliance	alternatives	above	indicate,	all	tiered	engines	must	be	equipped	with	VDECs	

that	will	provide	both	particulate	filtering	and	a	reduction	(against	the	particular	engine’s	
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applicable	emission	standard	determined	by	year	of	manufacture)	of	NOx	by	40%.			While	this	is	

almost	certainly	unattainable,	SDEIR	Table	5.4‐8	(Mitigated	Average	Daily	Construction‐Related	

Emissions)	clearly	shows	that	the	project	has	assumed	it	would,	and	has	made	a	related	

emissions	reduction	claim	for	both	particulate	and	NOx	benefits	to	result	from	the	mitigation	

measure’s	Compliance	Alternatives.			Because	the	construction	industry	in	CA	does	not	yet	have	

enough	Tier	4	offroad	vehicles	to	readily	supply	all	equipment	types	to	large	projects	under	

concurrent	construction	such	as	the	Events	Center	project6,	because	Tier	2	vehicles	are	not	

required	by	CARB	to	be	equipped	with	VDECS,	and	because	OSHA	restrictions	prevents	all	

construction	vehicles	from	being	retrofitted	with	VDECs,	M‐AQ‐1’s	mandated	application	of	the	

related	components	to	every	piece	of	project‐related	construction	equipment	is	probably	

unattainable.			
	

Further,	the	requirement	that	each	Tiered	level	of	equipment	have	VDECS	that	will	provide	
collateral	reductions	of	40%	NOx	appears	to	be	impossible	based	on	the	unavailability	of	NOx	
destruction	technology	for	construction	equipment	and	as	reflected	by	CARB’s	certified‐VDEC	
listings.			Finally,	other	than	for	what	has	turned	out	to	be	an	inapplicable	statistic,	we	remain	
unable	to	find	substantive	information	in	the	Events	Center	FEIR,	in	response	to	our	earlier‐
expressed	concerns	regarding	M‐AQ‐1,	that	proves	construction	fleets	in	CA	can	meet	the	
measure’s	requirements	and	that	demonstrates	that	certified	technologies	are	available	in	CA	to	
provide	the	EIR’s	mandated	and	claimed	emission	reductions.		As	written,	M‐AQ‐1	requirements	
and	claimed	emission	reductions	are	likely	unattainable;	if	this	is	correct,	the	flawed	measure	
cannot	be	enforced	nor	will	it	provide	the	emission	benefits	claimed	in	the	EIR	to	reduce	the	
project’s	impacts	to	less	than	significant	levels.		M‐AQ‐1	and	related	emission	benefits	(NOx,	

PM10/2.5,	reduced	health	risks)	claimed	for	reductions	of	the	project’s	impacts	must	be	revised,	

with	results	recirculated	for	public	review	and	comment.		
 
 

V. Use	of	a	Qualified	3rd	Party	Specialist	or	Engineer	Is	Needed	to	Ensure	Actual	

Mitigation‐Required	Construction	Eqpt	Emission	Reductions			

	
At	FEIR	pg.	13.13‐55	the	Lead	Agency	contends	that	a	potential	conflict	of	interest	posed	by	the	

Project	Sponsor’s	“review	role	in	the	mitigation	measure”	is	negated	by	their	requirement	that	

the	Construction	Emissions	Control	Plan	be	reviewed	or	approved	by	OCII	or	its	“designated	

representative”.			OCII	argues	that	“air	quality	specialists”	at	SF	Planning	are	capable	of	verifying	

																																																								
6	Phase	IV	of	the	Folsom	Dam	Auxiliary	Spillway	project,	US	Army	Corps	of	Engineers,	has	provided	about	95%	
compliance	with	Tier	4	equipment	mitigation,	but	without	the	Events	Center	EIR’s	mitigation	to	also	provide	40%	
NOx	benefit.		
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Event	Center	construction	fleets	for	compliance	with	the	project’s	mitigation	measures,	pointing	

to	unspecified	experience	with,	for	example,	a	harbor	hoteling	project,	and	“familiarity	with	

modeling	programs”	used	for	air	quality	analysis.			We	note	that	that	the	Lead	Agency	has	used	

the	term	“air	quality	specialists”	and	not	“Air	Quality	Specialists”,	indicating	that	their	job	

descriptions	likely	reflect	non‐technical	Planner	skillsets	rather	than	those	required	for	an	air	

quality	agency	engineering	or	specialist	position	involved	with	evaluating	and	verifying	VDECs	

and	CARB	certifications;	evaluating	and	verifying	NOx	reduction	claims	emissions	for	offroad	

construction	equipment;	evaluating	and	verifying	engine	Tiers	on	all	pieces	of	offroad	

construction	equipment;	and	ensuring	that	each	and	every	piece	of	onsite	equipment	is	verified	

and	tracked	regularly	for	hours	of	operation	at	the	project	site.			Hands‐on	experience	with	

construction	vehicles	of	all	types	and	vintages,	emission	control	technologies,	CARB	regulations	
and	aftermarket	retrofit	certification	requirements,	possessing	CARB	certification	for	performing	

visible	emissions	evaluations	for	construction	equipment	opacity	violations,	and	other	technical,	
hands‐on,	construction‐related	skillsets	will	be	required	to	ensure	that	every	piece	of	offroad	
construction	equipment	used	at	the	Events	Center	project	meets	the	highly‐specific	and	technical	
requirements	of	M‐AQ‐1	for	every	day	such	equipment	is	used	at	the	jobsite;	it	is	highly	
improbable	that	a	“planner”	would	possess	such	skillsets.		
	
Further,	“familiarity”	can	indicate	little	more	than	a	vague	awareness	and	thus	it	connotes	little	
substance.		As	we	argued	in	our	comments	previously,	the	Lead	Agency	should	rely	for	onsite	
verification	of	the	project’s	mitigation	measures,	in	detail,	on	BAAQMD	personnel	or	on	an	
independent,	trained,	professional	environmental	specialist	or	engineer	with	expertise	in	air	
emissions,	construction	vehicles,	and	emissions	control	technologies	and	strategies	used	to	

control	and	reduce	construction	equipment	emissions.			The	environmental	compliance	

professional	should	be	onsite	daily,	with	weekly	assessments	in	reports	delivered	to	OCII.		Based	
on	a	lack	of	experience	with	construction	equipment,	its	availability,	and	with	practicable	

construction	mitigation,	it	is	apparent	that	OCII	has	constructed	M‐AQ‐1	in	ways	that	are	

fundamentally	flawed	and	the	measure	is	unenforceable.			Accordingly,	OCII’s	choice	of	SF	
Planning	personnel,	or	their	own,	to	ensure	compliance	and	enforcement	of	the	project’s	air	

quality	mitigations	is	likely	to	be	similarly	flawed.		If	OCII	refuses	to	require	use	of	highly	

qualified	air	pollution	control	personnel	to	ensure	compliance	and	enforcement	of	M‐AQ‐1	and	
other	air	quality	mitigations,	we	believe	the	MMRP	must	be	amended	to	provide	for	regular	(bi‐

weekly	or	monthly)	independent	audits	provided	by	BAAQMD	or	a	private,	professional	air	

quality	consultant	to	verify	equipment	lists	and	details	with	actual	vehicles	on	the	project	site;	

the	auditor	would	have	specialized	training	in	visible	emissions,	air	quality	regulations,	vehicle	
emissions	and	control	technologies	used	in	construction	equipment,	etc.			Without	such	third‐
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party	verification	the	project	will	likely	not	produce	the	required	emission	reductions	that	have	

been	claimed	in	the	EIR	in	order	to	reduce	the	project’s	impact	significance	levels.				

	

VI. Renewable	Diesel	Should	Have	Been	Made	Mandatory	in	Construction	and	

Operational	Mitigation	Measures	

	

No	substantive	explanation	is	provided	in	the	FEIR	for	why	the	Lead	Agency	has	failed	to	require	

use	of	renewable	diesel	to	mitigate	offroad	construction	equipment	emissions	and	for	use	in	

emergency	standby	generators.			As	we	pointed	out	in	our	previous	comments	renewable	diesel	

is	readily	available,	and	it	provides	criteria	and	carbon	emission	reduction	benefits	that	cannot	

be	matched	by	the	biodiesel	mentioned	in	the	EIR,	it	routinely	costs	less	than	biodiesel,	and	in	
many	cases	it	costs	less		or	is	on	par	with	costs	for	regular	diesel.			

	
At	FEIR	13.13‐61	the	Lead	Agency	has	applied	conditions	to	the	use	of	renewable	diesel	in	
emergency	standby	gensets	that	reflects	its	inexperience	and	reluctance	to	require	use	of	
available	technology	that	has	demonstrated	clear	cost‐effective	emission	benefits	within	the	
region.		As	we	pointed	out	in	comments	on	the	SDEIR,	renewable	diesel	is	available	at	multiple	
locations	throughout	central	and	northern	CA	at	costs	on	par	with	conventional	diesel	(and	
routinely	less	than	the	less‐effective	biodiesel	mentioned	by	the	Lead	Agency	in	the	Events	
Center	EIR),	its	substantial	carbon	benefits	are	unmatched	against	regular	diesel	or	biodiesel,	
and	it	produces	positive	reductions	compared	with	regular	diesel	in	particulate	(‐34%),	NOx	(‐
18%)7,	and	other	pollutant	reductions	needed	by	the	Events	Center	project.			Use	of	renewable	
diesel	in	existing	or	new	diesels	requires	no	retrofitting	and	either	does	not	affect	performance	

or	improves	it	incrementally.			The	Lead	Agency’s	concern	that	renewable	diesel’s	NOx	benefit	
may	be	lost	as	a	result	of	12	miles	of	transport	(see	FEIR	pg.	13.13‐57)	to	the	Event	Center	

borders	on	the	ludicrous,	since	traditional	diesel	(particularly	from	imported	crude)	is	

transported	a	greater	distance,	and	because	the	Lead	Agency	has	failed	altogether	to	verify	
traditional	diesel’s	transport	distance	to	the	Events	Center	for	comparison	purposes.	

	

Renewable	diesel’s	primary	benefit	is	its	extremely	low	carbon	intensity;	the	Propel	renewable	

diesel	product	we	discussed	in	previous	comments	has	zero	land	use	or	other	indirect	carbon	

intensity	effect,	and	its	(direct)	carbon	intensity	(CI)	is	68%	less	than	traditional	diesel’s	CI	value;	
why,	then,	has	OCII	not	embraced	renewable	diesel’s	carbon	benefits	that,	importantly,	will	help	

offset	the	project’s	actual	GHG	emissions	and	criteria	pollutant	emissions?		Renewable	diesel	is	

																																																								
7	“Low	Carbon	Fuel	Statistics”,	pg	9;	http://propelfuels.com/assets/hpr‐launch/docs/california‐low‐carbon‐fuel‐
consumer.pdf	
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readily	fungible	with	traditional	diesel	for	storage	and	has	better	product	life	characteristics.		Its	

use	in	construction	and	onroad	diesels	requires	no	adjustments	or	adaptations,	it	is	locally	

available,	and	it	is	functionally	transparent	with	traditional	diesel	for	use	in	diesel	engines.			

	

While	the	Lead	Agency	has	refused	to	embrace	renewable	diesel	for	the	Events	Center	project,	its	

own	parent	agency	has	not.		San	Francisco’s	mayor	publicly	announced	that	the	City‐and‐County	

had	committed	to	100%	renewable	diesel	use	last	July,	with	full	transition	by	the	end	of	20158.			

The	City	of	Walnut	Creek	committed	to	100%	use	of	renewable	diesel	previously,	and	relies	on	it	

exclusively	now.	9		If	the	City	of	Walnut	Creek	and	the	City	and	County	of	San	Francisco,	with	

their	experts	in	diesel	technology	and	fleet	management,	and	with	ready	access	to	BAAQMD	air	

quality	expertise,	have	embraced	the	multiple	air	and	energy	benefits	of	renewable	diesel,	what	
explains	the	Lead	Agency’s	intransigent	failure	(FEIR	pg.	13.13‐57)	to	require	its	use	in	the	Event	

Center’s	air	quality	mitigations?		CEQA	requires	the	use	of	all	reasonable,	feasible	mitigations	for	
the	reduction	of	the	project’s	significant	air	quality	impacts;	the	Lead	Agency’s	tepid	response	to	
renewable	diesel	is,	against	the	evidence	of	its	considerable	benefits	that	has	been	readily	
available	since	prior	to	issuance	of	the	project’s	SDEIR,	inadequate	to	ensure	its	use	on	the	
project.		
	
Further,	if	the	“OCII	or	the	City’s	air	quality	specialists”	lack	the	expertise	necessary	to	have	
already	reviewed	and	selected	renewable	diesel	as	they	should	have	(based	on	the	City’s	
adoption	of	it	prior	to	issuance	of	the	Events	Center	FEIR),	and	for	what	appear	to	be	fatal	flaws	
built	into	M‐AQ‐1	(as	pointed	out	elsewhere	in	this	comment	letter),	we	again	propose	the	
project’s	use	of	a	highly	qualified,	independent	and	unconflicted,	professional	environmental	

consultant,	or	BAAQMD	specialist	or	engineer,	with	relevant	expertise	to	ensure	use	of	and	

compliance	with	the	Event	Center’s	air	quality	mitigations	and	to	ensure	the	use	of	all	
reasonable,	feasible	options	(including	renewable	diesel)	for	every	day	of	the	project’s	

construction	process.		

	
	

VII. The	Lead	Agency’s	Efforts	on	Behalf	of	the	Applicant	To	Force	Reduced		BAAQMD	

Emission	Offset	Fees	Jeopardizes	the	Project’s	Emission	Reductions	
	

																																																								
8			City	and	County	of	SF;	press	release	dated	July	21,	2015;	http://sfgov.org/news/2015‐07‐21/green‐city‐mayor‐
announces‐use‐renewable‐fuel‐city‐fleet	
9	Contra	Cost	Times;	Sep.	9,	2015;	http://patch.com/california/walnutcreek/walnut‐creek‐switches‐city‐fleet‐
renewable‐diesel‐fuel	
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At	FEIR	pg.	13.13‐67	the	Lead	Agency	appears	to	have	rejected	NOx	offset	fees	estimated	for	the	

Events	Center	project,	provided	by	BAAQMD:		

	

SF	Planning	has	been	in	communication	with	BAAQMD	with	regard	to	its	suggestion	that	a	

higher	fee	may	be	warranted	to	offset	project	emissions	to	a	less	than	significant	level	and	

found	that	BAAQMD	could	not	establish	that	an	increased	rate	beyond	that	of	the	Carl	

Moyer	Program	plus	a	five	percent	administrative	fee	could	meet	the	“rough	

proportionality”	standard	required	under	CEQA.	

	

No	evidence	is	provided	in	the	FEIR	that	identifies	the	criteria	used	by	SF	Planning	to	determine	

that	costs	for	the	Applicant’s	emission	credits	provided	by	the	BAAQMD	would	be	unable	to	meet	
the	“rough	proportionality”	CEQA	standard;	this	information	must	be	provided	for	the	public’s	

review.			
	
At	SDEIR	pg.	5.4‐41,	M‐AQ‐2b	appears	to	have	been	written	to	require	the	Event	Center’s	use	of	
BAAQMD	NOx	credits:	
	

“Mitigation	Measure	M‐AQ‐2b	would	require	the	project	sponsor	to	pay	an	offset	
mitigation	fee	to	the	BAAQMD	to	fund	emissions	reduction	projects	that	would	reduce	

emissions	of	ozone	precursors	to	below	the	applicable	thresholds.”	
	
Based	on	information	found	in	the	FEIR,	it	appears	that	the	Planning	Department	and	BAAQMD	
have	not	resolved	their	disagreement	on	the	costs	for	offsets	to	be	provided	by	BAAQMD.		It	also	
appears	that	the	Lead	Agency	has	designed	the	above‐referenced	measure	such	that	the	project	
must	acquire	17	tons	(appearing	to	be	underestimated	based	on	comments	noted	elsewhere	in	
this	comment	letter)	of	ozone	precursor	emission	credits	from	BAAQMD.		Found	primarily	at	

FEIR	pg.	13.13‐66,	the	Lead	Agency	appears	to	have	indicated	its	intent	to	require	the	Events	
Center	Applicant	to	pay	no	more	than	average	emissions	credit	value	established	under	the	

statewide	Carl	Moyer	program.		Nothing,	however,	requires	that	a	local	air	district	charge	that	

value	or	less	for	emissions	credits	it	establishes	under	the	Program,	nor	can	it	since	the	average	

cost‐effectiveness	program	values	are	established	by	actual	supply‐and‐demand	factors	that	float	
with	market	conditions	that	differ	regionally	and	over	time.			The	BAAQMD	cannot	be	forced	by	

the	Lead	Agency	or	the	Applicant	to	provide	credits	at	a	price	they	feel	is	reasonable	based	on	

statewide	or	other	averages.			Further,	lower	cost	tons	in	Sacramento	or	the	San	Joaquin	valley	

are	not	relevant	to	the	case	at	hand	because	the	geographical	equivalent	of	the	“rough	
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proportionality”	CEQA	argument	the	Lead	Agency	has	made	would	prevent	their	use	for	the	

Events	Center	project.				

	

It	seems	that	the	Lead	Agency	clearly	has	the	cart	before	the	horse	now.		It	first	established	that	

the	project	must	purchase	emission	offsets	from	BAAQMD,	but	then	later	decided	that	their	fees	

were	not	in	“rough	proportionality”	(without	providing	any	evidence	or	criteria	as	to	what	they	

consider	“rough	proportionality”)	to	the	value	of	those	same	credits	sold	in	other	locations	of	the	

State—despite	that	the	dollar	values	of	those	17	tons	of	precursor	emission	credits	to	be	found	in	

Sacramento	or	the	San	Joaquin	valley	or	elsewhere	were	made	irrelevant	by	CEQA’s	requiring	

that	mitigation	and	impact	be	co‐located	as	closely	as	possible.			Notwithstanding	the	Lead	

Agency’s	discourse	that	carries	across	both	FEIR	pages	noted	above,	the	FEIR’s	response	never	
settles	the	uncertainty	of	whether	the	BAAQMD	will	provide	what	the	Lead	Agency	believes	are	

the	necessary	tons	of	offsets	needed	by	the	project	or	how	the	Applicant’s	fees	of	$321,646	will	
buy	those	tons	that	the	BAAQMD	has	indicated	that	it	will	sell	for	appreciably	more.		As	written,	
the	FEIR	has	failed	to	settle	the	issue	and	provide	the	reasonable	level	of	certainty	that	the	
project’s	emissions	will	actually	be	mitigated	to	less	than	significant	levels	beginning	with	
construction	startup.		This	is	not	acceptable	under	CEQA,	and	it	is	not	appropriate	that	the	Lead	
Agency	attempt	to	dictate	what	market‐based	emission	offsets/credits	that	it	does	not	control	
are	worth.	
	
	

VIII. Emission	Offsets	Required	for	the	Project	May	Be	Unacceptably	Short‐Lived	
	

At	FEIR	pg.	13.13‐67,	the	Lead	Agency	has	not	responded	substantively	or	meaningfully	to	our	

earlier‐expressed	concern	that	emission	offset	credits	for	the	Events	Center	project,	created	with	
short‐term	emission	projects,	will	fail	to	provide	durable	emission	benefits	for	the	Events	Center	

across	its	lifetime.			Nothing	in	CEQA	provides	that	short‐term	credits	of	several	years	duration	

would	be	adequate	to	offset	the	Events	Center	project	across	its	30	–	50	year	lifetime,	nor	has	the	
Lead	Agency	provided	any	evidence	to	the	contrary.		From	FEIR	pg.	13.13‐67:	

	

Another	commenter	states	that	the	offset	amount	presented	on	page	5.4‐41	of	the	SEIR	
would	only	offset	a	single	year	of	emissions.	This	assertion	is	incorrect.	Emissions	offset	

programs	replace	existing	high‐polluting	engines	with	cleaner	more	efficient	engines	and	

the	incremental	benefit	of	these	replacements	are	realized	for	successive	years	into	the	

future	until	the	original	engine	would	have	reached	the	end	of	its	useful	life	or	its	

operation	is	prohibited	by	regulation	(e.g.,	California	Code	of	Regulations,	Title	13,	
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Division	3,	§	2449(d)(2)	(in‐use	off‐road	diesel	regulation)).		Other	offset	programs,	such	

as	the	shoreside	power	unit	implemented	by	the	Port	of	San	Francisco	pursuant	to	the	

Final	EIR	for	the	34th	Americaʹs	Cup	and	James	R.	Herman	Cruise	Terminal	and	Northeast	

Wharf	Plaza	(Case	No.	2010.0493E)	continue	to	offset	hoteling	emissions	of	diesel	ships	in	

dry	dock	at	Pier	70.	

	

As	noted	elsewhere	in	our	comments,	the	BAAQMD	is	required	by	Events	Center	EIR	to	provide	

precursor	emission	reductions	to	offset	the	17	tons	estimated	in	the	EIR	as	required	for	the	

project10.		However,	whether	those	credits	are	produced	by	the	BAAQMD	or	another	entity	

proximate	to	the	project	area,	the	FEIR	fails	to	require	that	they	be	derived	from	long‐lived	

projects.		As	currently	written	in	the	EIR's	M‐AQ‐2b,	it	is	possible	that	BAAQMD	will	fund	short‐
duration	projects	with	the	Events	Center	offset	fees,	or,	based	on	our	expressed	concerns	that	

BAAQMD	offsets	may	not	ultimately	be	acquired	for	the	project	due	to	SF	Planning’s	
disagreements	with	them	over	offset	values,	another	credit‐generating	project	approved	by	the	
Lead	Agency	may	deliver	only	short‐duration	benefits.		This	would	not	provide	the	long‐term	
emission	reductions	needed	for	the	Events	Center’s	offsets.	
	
In	fact,	the	Moyer	Program	has	funded	projects	that	traditionally	have	provided	emission	credits	
for	no	more	than	an	average	of	nine	years,	and	the	average	life	of	all	Moyer	projects,	including	
onroad	projects	of	the	type	identified	for	possible	application	to	the	Events	Center	project,	is	
seven	years11.			2011	Moyer	Program	Guidelines	require	that	the	maximum	project	life	for	
offroad	compression‐ignition	equipment	replacement	projects	is	five	years	except	that	for	
excavators,	skid	steer	loaders	and	rough‐terrain	forklifts	the	maximum	is	three	years,	and	for	

crawler	tractors,	off‐highway	tractors,	rubber‐tired	dozers,	and	workover	rigs	it	is	a	maximum	of	
7	years12.			Marine	projects	may	be	undertaken	but	with	no	more	than	a	sixteen	year	life.			Even	at	
their	longest,	Moyer	project	emission	credits	purchased	only	once	for	the	Event	Center	project	

will	last	no	more	than	a	minor	portion	of	the	project’s	planned	lifetime.			

	

																																																								
10	As	noted	elsewhere	in	this	comment	letter,	we	argue	that	onroad	and	offroad	emissions	for	the	Event	Center	EIR	
have	been	underestimated	as	a	result	of	a	double‐claim	for	existing	vehicle	trip	emissions	attributed	historically	to	
the	Oakland	Oracle	arena,	and	because	mitigations	for	operational	and	construction	equipment	contain	
unacceptable	flaws	and,	with	M‐AQ‐1’s	requirements,	those	flaws	result	in	unattainable	and	unenforceable	
components.	
11	CARB;	2006	Moyer	Program	Status	Report,	pg.	12;	
http://www.arb.ca.gov/msprog/moyer/status/2006status_report.pdf	
12	CARB;	2011	Moyer	Guidelines,	Ch.7;	pg.	7‐5;	
http://www.arb.ca.gov/msprog/moyer/guidelines/2011gl/2011cmp_ch7_07_11_14.pdf	
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As	currently	devised,	the	Events	Center	EIR	does	not	proscribe	the	purchase	and	use	of	short‐

term	project	(as	little	as	one‐year)	emission	offsets	by	the	Applicant,	nor	does	it	prevent	use	of	

any	combination	of	project	emissions	that	would	not	match	contemporaneously	with	Events	

Center	significant	emissions	emitted	at	any	point	over	its	decades	of	planned	life.			Neither	does	

the	FEIR	excerpt	shown	above	provide	information	that	disputes	our	previously	submitted	

comment	that	mobile	source	credit‐generating	products,	undertaken	with	Moyer	funds,	must	be	

relatively	short‐term	since	project	vehicles	typically	are	rendered	obsolete	by	new	vehicles	with	

lower	emissions	levels	moving	regularly	into	the	marketplace.			Rather	than	disputing	our	

contention,	the	FEIR	actually	appears	to	have	done	no	more	than	repeat	it.		This	is	not	

acceptable.					

	
The	Lead	Agency	has	failed	to	define	“successive	years”	in	the	excerpt	above,	nor	has	it	identified	

a	minimum	project	life	for	credits	that	it	will	approve	for	offsetting	the	Events	Center	significant	
emissions.			Nowhere	does	the	Lead	Agency	discuss	purchase	and	use	of	successive	emission	
reduction	projects	over	the	years	so	that	the	Events	Center	will	always	have	adequate	numbers	
of	tons	of	reductions	to	offset	its	significant	tons	of	emissions.		Moreover,	it	has	refused	to	
prohibit	use	of	short‐term	Moyer	Project	emission	offsets	that	would	last	no	more	than	a	few	
years,	despite	the	Events	Center’s	emissions	lasting	decades	longer.		As	currently	written,	M‐AQ‐
2b	provides	no	certainty	that	the	project’s	tons	of	significant	ozone	precursors	will	be	fully	
mitigated	across	their	lifetime;	in	all	likelihood,	emission	credits	will	provide	no	more	than	
several	years	of	emission	reductions	before	their	engendering	Moyer	projects	expire.			
	
	

	

For	the	reasons	stated	in	this	letter	we	believe	that	the	Event	Center	EIR,	amended	after	the	
DSEIR	review,	continues	to	reflect	significant	shortcomings	that	will	result	in	unmitigated,	

significant,	and	excessive	air	quality	impacts	during	the	project’s	construction	and	then	across	its	

operational	lifetime.		Due	to	serious	issues	with	M‐AQ‐1’s	construction,	we	believe	that	it	cannot	
practicably	provide	the	emission	reductions	claimed	for	it,	and	that	the	benefit	of	emissions	from	

trips	already	on	the	books	and	associated	with	the	Oakland	Oracle	Arena,	to	reduce	the	

complement	of	all	new	Event	Center	trip‐related	emissions,	is	not	acceptable	under	CEQA.		In	
addition,	serious	questions	remain	regarding	costs,	availability,	and	sustained	durability	of	tons	

of	emission	credits,	likely	underestimated	due	to	flaws	noted	in	this	letter,	that	will	be	needed	by	

the	project	to	reduce	its	ozone	precursor	impacts	to	less‐than‐significant	levels.		
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	Should	you	have	any	questions	regarding	this	comment	letter,	please	feel	free	to	contact	me	at	

your	convenience.		

	

Sincerely,		

	
Greg	Gilbert				

	

	

	



EXHIBIT D



Law Offices of

THOMAS N. LIPPE, APC

201 Mission Street Telephone: 415-777-5604
12th Floor Facsimile:  415-777-5606

San Francisco, California 94105 Email: Lippelaw@sonic.net

August 13, 2015

By Facsimile #(415) 558-6409 and U.S. Mail

Mr. John Rahaim, Director
San Francisco Planning Department
1650 Mission Street #400
San Francisco, CA 94103

By Facsimile #(415) 749-2525 and U.S. Mail

Commission on Community Investment
and Infrastructure of the Successor Agency 
to the Redevelopment Agency of the City 
and County of San Francisco
1 South Van Ness Avenue, 5th Floor
San Francisco, CA 94103

Attn:  Custodian of Records for the Successor 
Agency to the Redevelopment Agency of the 
City and County of San Francisco

Re: Public Records Act/Sunshine Ordinance Request

Dear Mr. Rahaim and Custodian of Records for the Successor Agency:

This office represents the Mission Bay Alliance, an organization dedicated to preserving the
environment in the Mission Bay area of San Francisco, regarding the project known as the Event
Center and Mixed Use Development at Mission Bay Blocks 29-32 (“Warriors Arena Project” or
“Project”).

Pursuant to the California Government Code sections 6250 et seq and the San Francisco
Sunshine Ordinance, Sec. 67.24, I request copies of the following records:

1. All records relating to monitoring or enforcement of compliance with mitigation measures
adopted to reduce potentially significant air quality impacts of development projects approved by
the City, the Redevelopment Agency of the City and County of San Francisco, or the Successor
Agency to the Redevelopment Agency of the City and County of San Francisco, including any
records reflecting audits of such compliance.

You may fully comply with this request by the traditional method of making the requested
records available for inspection and copying.  

Alternatively, you may fully comply with this request by both posting the requested records
to the web page maintained by OCII at http://www.gsweventcenter.com/, and providing a written
response stating the exact title of the hyperlink or hyperlinks on the web page that access the
requested records.  

EXHIBIT D
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John Rahaim
Custodian of Records for the Successor Agency
Public Records Act/Sunshine Ordinance Request
August 13, 2015
Page 2

Responsive records that are withheld from inspection should be specifically and separately
identified in writing and accompanied by the claimed justification for withholding, as provided by
California Government Code section 6255 and San Francisco Sunshine Ordinance Sec. 67.27, stating
the nature of the document withheld and the basis for such withholding. 

Should you contend that any portion of a particular document is exempt from disclosure, I
request that the exempt portion be redacted and the remaining portions be produced.  I reserve the
right to object to any decision to withhold materials, or portions of documents. 

I also request copies of public records in electronic form where available, and in hard copy
where copies in electronic form are not available.

In accordance with Section 6253(c) of the California Government Code and Section 67.25
of the San Francisco Sunshine Ordinance, please respond to my request within ten (10) days. 

Any questions regarding my public records act request should be addressed to the
undersigned. 

Thank you in advance for your prompt attention and timely cooperation on this matter.

Very truly yours,

Thomas N. Lippe

T:\TL\Mission Bay\Corr\PRA\PRA007a PRA to SF and OCII.wpd
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Subject: Re: Public Informa on Request ‐ air quality mi ga on compliance monitoring
From: Tom Lippe <lippelaw@sonic.net>
Date: 9/30/2015 3:48 PM
To: "Oerth, Sally (CII)" <sally.oerth@sfgov.org>, "Lamorena, Chris ne (CPC)"
<chris ne.lamorena@sfgov.org>
CC: Demetri Blaisdell <DBlaisdell@bsfllp.com>

Dear Ms Lamorena and Ms Oerth,

Thank you for your September 21, 2015, document upload to the Boies Schiller FTP site in
response to my August 13, 2015, request for “[a]ll records rela ng to monitoring or enforcement of
compliance with mi ga on measures adopted to reduce poten ally significant air quality impacts
of development projects approved by the City, the Redevelopment Agency of the City and County
of San Francisco, or the Successor Agency to the Redevelopment Agency of the City and County of
San Francisco.”

On September 11, 2015, you wrote:  "In an effort to assist you, we can provide you with electronic
documenta on of a records search of some Planning Department projects within the past few
years documen ng compliance with mi ga on measures for various development projects, mostly
from private project sponsors along with the 1998 San Francisco Redevelopment Agency
Resolu on adop ng environmental findings for Mission Bay North and South which includes
mi ga on measures."

On September 17, 2015, I wrote:  "Before I answer your ques ons to narrow the search
parameters, I think the most efficient way to proceed is for you to provide me with the "electronic
documenta on of a records search of some Planning Department projects within the past few
years documen ng compliance with mi ga on measures for various development projects"
referenced in your email below. "

The documents a ached to this email are 6 of the 8 documents you uploaded on September 21,
2015.  These 8 documents are not the type of documents I am looking for, nor do they appear to
be "electronic documenta on of a records search of some Planning Department projects within the
past few years documen ng compliance with mi ga on measures for various development
projects" referenced in your email below. "

Please advise.

Also on September 11, 2015, you wrote:  "In an effort to help ensure that we are providing you
with the specific records you are interested in reviewing, we would be grateful if you could further
clarify your request by wri ng to Chris ne Lamorena and Sally Oerth with responses to the
following ques ons."

Your ques ons and my responses follow:

Re:	Public	Information	Request	‐	air	quality	mitigation	compliance	...

1	of	5 10/31/2015	2:44	PM
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1.         Do you have a specific start and end date for the records (i.e. only records a er X date and
before Y date)?

The last 10 years.

2.         Can your request be narrowed to a par cular geographical area or areas (e.g., Mission Bay)?

Downtown, Mission Bay, SOMA, Eastern Neighborhoods, Embarcadero and the Waterfront.

3.         Are there par cular types of “monitoring or enforcement” documents that you are looking
for?

Yes.  With respect to all construc on projects in these areas for which the EIR iden fied significant
air quality impacts from construc on ac vi es that could not be en rely avoided, the City,
Redevelopment Agency, or the Successor Agency would have adopted mi ga on measures to
reduce the projects' significant air quality impacts and would have adopted a Mi ga on Monitoring
and Repor ng Plan ("MMRP").   These MMRPs should have resulted in the genera on of reports
documen ng the project's compliance, or lack thereof, with these adopted air quality impact
mi ga on measures.  I want to obtain these reports.

4.         Are there par cular types of “development projects” in which you are interested?

All construc on projects in these areas for which the EIR iden fied significant air quality impacts
from construc on ac vi es that could not be en rely avoided, and for which the City,
Redevelopment Agency, or the Successor Agency adopted mi ga on measures to reduce the
projects' significant air quality impacts and a Mi ga on Monitoring and Repor ng Plan ("MMRP")

5.         Is there any other informa on that might narrow or more accurately focus our search for
records?

Not at this  me.

Thank you for your a en on to this request.

Regards,

Tom Lippe
Law Offices of Thomas N. Lippe APC
201 Mission St., 12th Floor
San Francisco, CA 94105
Tel 415 777‐5604 x 1
Fax 415 777‐5606
e‐mail: lippelaw@sonic.net
Web: www.lippelaw.com

CONFIDENTIALITY NOTE: This and any accompanying pages contain information from Law Office

On 9/17/2015 3:57 PM, Tom Lippe wrote:

Re:	Public	Information	Request	‐	air	quality	mitigation	compliance	...
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Dear Ms Lamorena and and Ms Oerth,

Thank you for your response. 

Before I answer your ques ons to narrow the search parameters, I think the most efficient way to
proceed is for you to provide me with the "electronic documenta on of a records search of some
Planning Department projects within the past few years documen ng compliance with mi ga on
measures for various development projects" referenced in your email below.

We will provide you with secure file upload creden als shortly.
 

Tom Lippe
Law Offices of Thomas N. Lippe APC
201 Mission St., 12th Floor
San Francisco, CA 94105
Tel 415 777‐5604 x 1
Fax 415 777‐5606
e‐mail: lippelaw@sonic.net
Web: www.lippelaw.com

CONFIDENTIALITY NOTE: This and any accompanying pages contain information from Law Offi

On 9/11/2015 5:20 PM, Oerth, Sally (CII) wrote:

Dear Mr. Lippe,

In your request dated August 13, 2015 you ask for “[a]ll records relating to monitoring or
enforcement of compliance with mitigation measures adopted to reduce potentially significant air
quality impacts of development projects approved by the City, the Redevelopment Agency of the
City and County of San Francisco, or the Successor Agency to the Redevelopment Agency of the
City and County of San Francisco.”

After beginning a search of our records, we have determined that this extremely broad
request will require considerable City resources in order to respond. For example, a search of “all
records relating to monitoring and enforcement” would require a search of all projects that have
included mitigation measures and received environmental review clearance from the Planning
Department or Redevelopment Agency (now OCII) since the California Environmental Quality
Act was enacted in 1979. The City and Redevelopment Agency have approved hundreds, if not
thousands of projects in that time. Records relating to monitoring and enforcement would not be
limited to the hundreds or thousands of environmental documents themselves, but would
conceivably include any document that even referenced air quality impacts or mitigation. In
addition, many of these records are maintained offsite. The effort to retrieve off-site record for
hundreds or thousands of projects, and search those records for any documents relating to air
quality, will be time-consuming and unnecessarily involve use of scarce public resources.

The courts have applied a “rule of reason” to public records requests. See Buck v.
Gregory, 65 Cal.2d 666, 676 (1967) (public records states are “subject to an implied rule of
reason” and “inherent reasonablenesss limitations”). A department may apply this rule of reason
when a request is so burdensome, persistent, or sweeping that it unreasonably impinges on a
department’s ability to perform its public duties. We would like to work with you in narrowing the
request to identify the subject matter in which you are interested in order to conserve public
resources. To that end, and in an effort to help ensure that we are providing you with the specific
records you are interested in reviewing, we would be grateful if you could further clarify your
request by writing to Christine Lamorena and Sally Oerth with responses to the following
questions:

1.         Do you have a specific start and end date for the records (i.e. only records after X
date and before Y date)?

Re:	Public	Information	Request	‐	air	quality	mitigation	compliance	...
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2.         Can your request be narrowed to a particular geographical area or areas (e.g.,
Mission Bay)?

3.         Are there particular types of “monitoring or enforcement” documents that you are
looking for?

4.         Are there particular types of “development projects” in which you are interested?

5.         Is there any other information that might narrow or more accurately focus our
search for records?

The more specific your request, the more likely you are to receive documents relevant to your
research. In an effort to assist you, we can provide you with electronic documenta on of a
records search of some Planning Department projects within the past few years documen ng
compliance with mi ga on measures for various development projects, mostly from private
project sponsors along with the 1998 San Francisco Redevelopment Agency Resolu on adop ng
environmental findings for Mission Bay North and South which includes mi ga on measures.
 Please provide us with a secure file upload website to provide you with this documenta on.  
 

Please contact Chris ne Lamorena and Sally Oerth with any addi onal clarifica ons you can
provide or any ques ons you may have regarding this process.
 

Sincerely,
 
The Office of Community Investment and Infrastructure
The San Francisco Planning Department
 
 

Sally Oerth
Deputy Director
–––––––––––––––––––––––––––––––––––

   One South Van Ness Avenue, 5th Floor
     San Francisco, CA 94103

   415.749.2580
  www.sfocii.org

–––––––––––––––––––––––––––––––––––
 

Attachments:

Mission Bay TMA 2009 Annual Report.pdf 14.9 KB

Mission Bay TMA 2010 Annual Report.pdf 625 KB

Mission Bay TMA 2011 Annual Report Final.pdf 604 KB

Mission Bay TMA 2012 Annual Report Final.pdf 416 KB

Mission Bay TMA 2013‐2014 Annual Report Final 12 01.pdf 893 KB
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Transporta on Management Plan MBS.pdf 455 KB
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November 2, 2015 
 
 
 
 
Mr. Tom Lippe 
Law Offices of Thomas N. Lippe, APC 
201 Mission Street, 12th Floor 
San Francisco, CA 94105 
 
Subject:  Responses to Comment on Draft Subsequent Environmental Impact 

Report for Event Center and Mixed Use Development at Mission Bay 
Blocks 29-32.  SCN:2014112045 

 
   P15003 
 
Dear Mr. Lippe: 
 
Per your request, I have reviewed the Responses to Comment ("the RTC") on the 
Draft Subsequent Environmental Impact Report (hereinafter “the DSEIR”) on the 
above referenced Project in the City and County of San Francisco (hereinafter “the 
City”).  As I was a commenter on the DSEIR in regard to matters involving 
transportation and circulation in a letter dated July 26, 2015 which was transmitted 
as Exhibit 1 to your comment letter of July 27, 2015, my current comments focus on 
the responses to my own comments, those of yourself and affiliated consultant Larry 
Wymer.  In addition, several others including representatives of BARTD, Caltrans, 
Caltrain, UCSF and other have filed comments that parallel and reinforce our own.  I 
address the responses to those comments as well.   
 
My qualifications to perform this review were thoroughly documented in my letter of 
comment on the DSEIR dated July 26, 2015 and are incorporated herein by 
reference.   
 
My current comments follow.  They are organized in the order the City chose to 
respond to my and others, not in order of comments or order of importance. 
 
Section 13.11.3, Response TR-2a 
 
This section, in part, replies to our comments now labeled by the City as O- 
MBA10L4-15 and O-MBA10L4-17.   
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Re MBA10L4-15:  
MBA10L4-15 points out that while the DSEIR evaluated the Project's transportation 
with implementation of a Special Events Transit Service Plan in the context of six 
different event scenarios, it only evaluates the Project's transportation impacts 
without the a Special Events Transit Service Plan in the context of only one event 
scenario (without Giants game but with Basketball game).  It requests the analysis 
without the a Special Events Transit Service Plan in the context of for all six of the 
event scenarios that were evaluated assuming the Special Events Transit Service 
Plan was in place. 
 
There are several problems with the City's reply to this comment.   

 The reply claims that  the scenario of an overlapping evening game at AT&T 
Park with a Basketball event at the proposed Project without the Special 
Event Transit Services Plan taking place is a "worst-of-the-worst scenarios" 
that could only happen about 9 times a year, and then only if Muni were 
unable to deliver those services.  However, with the Project located just a 
block from the emergency entrances to the UCSF hospitals,  "worst-of-the-
worst scenarios" are germane considerations for potential impacts on patient 
access to emergency facilities and the ordinary or special access/egress of 
emergency service providers.   

 Despite the City's assertion that funding of Muni's Special Event Transit 
Services Plan is guaranteed, this funding is dependent on allocation of 
General Funds and discretionary transportation funds to this purpose, with 
such future allocations not guaranteed.  

 The response also points to Mitigation Measure M-TR-18: Auto Mode Share 
Performance Standard and Monitoring as providing measures that could be 
implemented in the event Muni's Special Event Transit Services Plan is not 
implemented.  However, many of the potential action measures in M-TR-18 
are vague and conditional, and strict monitoring and enforcement is unlikely if 
the City through Muni has failed to deliver its promised Special Event Transit 
Services Plan.   

 The response, although admitting no quantitative analysis of an overlapping 
Giants event at AT&T Park with an evening Basketball event at the Project 
and without  implementation of the Muni Special Event Transit Services Plan 
was prepared, claims that the DSEIR essentially covers this situation for 
intersections and freeway ramps by having quantitatively analyzed the 
scenario of an evening Basketball Event with no Giants Event and no Special 
Event Transit Services Plan  (Impacts TR-18 and TR-19) by virtue of having 
stated that these impacts would be additive to impacts in the "existing 
conditions without evening Giants event scenario" (Impacts TR-2 and TR-3) 
or to Impacts TR-11 and TR-12 (existing conditions with a Giants Event at 
AT&T Park).  The problem with this is that the simple statement that the 
impacts are additive provides the public with no measure of the severity of the 
combined impacts. 
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 The response also notes that Impact TR-20 presents Muni transit impacts 
for the weekday evening Basketball scenario without an overlapping Giants 
game or implementation of the Muni Special Event Transit Services Plan and 
adds text stating as follows:  "Impacts to the T Third and 22 Filmore would be 
in addition to the significant impacts identified for the proposed project with 
implementation of the Muni Special Event Transit Services Plan in Impact TR-
13 for conditions with an overlapping SF Giants evening game."  It then 
concludes, "The revision does not change the analysis or conclusions 
presented in the SEIR."  The problem with this part of the response, like that 
related to the impacts on intersections and freeway ramps is that the simple 
statement that the impacts are additive fails to inform the public of the extent 
of the change in severity of the impacts. 

 With regard to failure to consider cumulative scenarios that lack 
implementation of the Muni Special Event Transit Services Plan, this failure is 
not remedied by addition of text to the SEIR that specify that cumulative 
analysis for the Basketball game scenarios include assumption of 
implementation of the Muni Special Event Transit Services Plan.  Since the 
SETSP is not guaranteed funding in perpetuity and there is no assurance that 
Muni vehicles and personnel resources will be able to be devoted to this 
special service in lieu of serving regular transit needs, this change in 
language does not relieve the deficiency of the SEIR's failure to consider the 
cumulative scenario in absence of the Muni Special Event Transit Services 
Plan. 

As a consequence of these flaws, Response TR-2a related to MBA10L4-15 is 
inadequate. 
 
Re MBA10L4-17 
Comment O-MBA10L4-17 is part of a stream of comment demonstrating why the 
DSEIR is inadequate for having unreasonably understated the amount of weekday 
evening arena event access travel would occur during the evening commute peak 
hour (see our comment now labeled O-MBA10L4-16 for related discussion).  
Responding to this apart from the related issues in O-MBA10L4-16 evades the 
compelling nature of the joint comments that the DSEIR has understated the 
numbers of weekday evening basketball event attendees actually traveling on the 
transportation system in the evening commute peak hour (5 to 6 PM).   
 
As to the direct substance of the comment and response, the DSEIR's decision to 
base the analysis of weekday evening games on a presumed starting time of 7:30 
was predicated on experience over 3 seasons when the Warriors were a poor to 
marginal team and games starting earlier in the evening (at about 6 pm) averaged 
only 2.5 games per season.  The comment documented that based on the 
2014/2015 season performance, the combined total of weeknight regular season 
and playoff games starting at 6 pm (the normal start time for nationally televised 
weeknight games played on the West Coast) could easily be 16 games per season 
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over the next several years or beyond.   The inadequacies of the SEIR reply are as 
follows: 

 The reply notes that the 2 to 3 preseason and up to 16 postseason games - 
number variable - (and in actuality, though not admitted in the response, a 
number of regular season games as well) could have a 6pm weekday start 
time.  It also admits that such games would worsen traffic in the weekday 
peak commute period from conditions reported in the SEIR (failing to admit 
also adversely impacting transit and also failing to quantify the increase in 
severity of impacts on weekday pm commute peak.  It claims that these start 
times are driven by such factors as TV deals, other team's travel schedules 
and outcomes of postseason series that are beyond the abilities of the 
Warriors to control - although it is nonsense for the response to imply that 
those considerations make the Project's significant impacts in the 
circumstances of these earlier-start events any less significant. 

 The response claims that the quality of the team will vary from year to year 
and claims that this will make the situation of large numbers of national 
telecasts that might start at 6 pm inconsistent over the time horizon 
considered in the SEIR.  This is a speculation not consistent with precedent.  
Once a team has achieved an iconic status and national following (as the 
Warriors have done in the recent season with winning the league 
championship and the most valuable player award and with the shiny new 
venue comprised by the Project reinforcing that iconic status), the number of 
nationally televised weeknight games (6 pm starts) is likely to increase  over 
the next several seasons, and to reoccur despite hiccups in individual 
seasons (witness the pervasive national attraction to the Lakers and Celtics 
despite several bad seasons, or, in another sport, Notre Dame football).  
Moreover, the project arena may be used for other major weekday capacity 
events such as the NCAA basketball tournament quarter- and semi-finals that 
would have start times dictated by national TV (that is, 6 pm).  Hence, the 
response's conclusion that "it is unlikely that this scenario [a large number of 
nationally televised weekday games starting at 6 pm] would occur on a 
regular basis during the time horizon addressed by the SEIR" is non-factual, 
speculative and inconsistent with the good faith effort to disclose impact that 
CEQA demands. 

 Finally, the response claims that "consistent with common practice in the 
transportation planning profession, the SEIR includes an analysis of the 
highest demand with the most frequent conditions for evening events ...".  We 
agree that the 7:30 start time is probably the most frequent weekday evening 
start time likely to occur.  But the SEIR is in error and misleading in 
proclaiming that it is consistent with common practice in the transportation 
planning profession to only study the high-demand situation that occurs most 
frequently.  In fact, when a high demand scenario that is not the most 
frequently occurring but is one that occurs frequently enough to be 
significantly impactful, it is the common practice in the transportation planning 
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profession to study that frequent-enough circumstance as a separate 
scenario on a CEQA or other analysis.  A good example of this is normal 
transportation planning practice with respect to major regional shopping 
centers.  Studies are performed for an average weekday, and because 
shopping centers have their highest travel peaks on Saturday, for an average 
Saturday; these are the most frequently occurring peak conditions.  But 
because shopping center travel has its highest peaks in the Thanksgiving to 
day-after-New Year holiday season and because the peaks in that 
approximately 38 day season occur frequently enough to be significantly 
impactful on their own and pose impacts of different severity than on the 
average weekday and average Saturday, normal transportation planning 
practice is to evaluate holiday shopping season weekday and Saturday 
impacts as separate scenarios.  Another example is in the Napa Valley.  
There, it is the practice to evaluate a project's transportation impacts for the 
average weekday and average Saturday (which are the most frequently 
occurring impact situations) and to also evaluate impacts in the "crush" 
(harvest) season as a separate case as well because those impacts, 
occurring over a four to six week period are frequent enough and of such 
severity in comparison to annual averages to warrant consideration as a 
separate impact case. 

 This matter cannot be dismissed as a disagreement among experts.  A 
compelling argument that the SEIR should have evaluated a case scenario 
for weeknight capacity Basketball games starting at 6 pm is the fact that the 
SEIR did evaluate a scenario where there are an overlapping capacity 
Basketball event at the proposed Project and a Giants game at AT&T Park 
on a weekday evening.  The SEIR claims that that type of overlapping event 
is likely to occur only about 9 times per year.  It is obvious that, if a nine times 
per year occurrence rate is sufficient to require the SEIR to evaluate the 
Project in the context of that overlapping scenario, then the SEIR should also 
evaluate the weeknight 6 pm Basketball start scenario which is likely to occur 
more than 9 times per year in many years of operation. 

 The fact that two hospital emergency entrances and the entries for 
emergency caregivers are located within a block of the Project site make the 
need for the SEIR to specifically evaluate impacts and mitigation in the 6 pm 
weekday event start scenario all the more compelling. 

Hence, considering all of the above, the SEIR should have evaluated weekday 
Basketball events starting at 6 pm and is inadequate for not having done so. 
 
Section 13.11.3, Response TR-2b 
 
This section purports to respond to our comments now labeled by the City as O- 
MBA10L4-2, O-MBA10L4-20, O-MBA10L4-39A and those of Caltrans (A-Caltrans-5) 
and others.  These comments concern the SEIR's lack of analysis at intersections 



Mr. Tom Lippe 
November 2, 2015 
Page 6 
 

 

and freeway ramps that are on obvious approach and/or departure routes to/from 
and that are obviously or potentially capacity-challenged already. 
 
The response begins by reciting the 6 freeway ramps and their related surface street 
intersections where analysis was conducted, a point not at issue in the comment.  
The key point of the comment is the locations the SEIR failed to analyze, not the 
places it did so.  The reply continues, adding that the depth and approach is similar 
to other studies of completed and ongoing major project studies in San Francisco, 
and noting that the 1998 Mission Bay FSEIR did not address freeway ramp 
operations and queuing at all.  However, what other studies did or didn't do is 
immaterial.  What is material is what this SEIR should have studied but failed to do, 
and the response attempts to evade this. 
 
The response continues for two paragraphs describing the configurations and 
conditions at the I 280 Mariposa off-ramp - one of the locations the SEIR did study.  
This section, not related to the issue of the ramps and ramp intersections that the 
SEIR should have but failed to study, concludes by observing that the LOS F 
conditions on the off ramp in the evening peak hour would be cured by Mitigation 
Measure M-TR-11c involving stationing a PCO at the ramp terminus intersection and 
waving traffic turning right to Mariposa eastbound through the traffic signal at the 
end of the off-ramp.  But that conclusion is completely speculative.  This commenter 
was a long term Giants season ticket holder at AT&T Park and this particular off 
ramp was on my normal route to the Park.  The problem there is not that the signal 
causes queues to back up the ramp and onto the freeway mainline.  It is that once a 
driver reaches the end of the ramp and has a green light, there is often no place to 
turn to on Mariposa because eastbound traffic is queued all the way back from Third 
Street.  So placing a PCO there will be largely useless. 
 
The response then discusses the I-80 westbound off-ramp to Fifth Street, and 
concludes that mitigation measure M-TR-2b, vague measures of unquantifiable 
effect to encourage travel by non-automotive modes would reduce the Project's 
impacts at this location.  Again, this discussion of a location the SEIR did study is 
irrelevant to the issue that the SEIR should have but failed to study other locations - 
unless the implicit message is that, had it done so and discovered impacts, it would 
have just proposed vague, unquantifiable and ineffectual mitigations and declared 
the impacts mitigated. 
 
Finally, after four lengthy paragraphs of largely irrelevant matter, the reply turns to 
the subject of the intersections and ramps that should have been studied and were 
not.  The response notes that under CEQA Guidelines § 15130, defining the location 
or locations for study "is within the lead agency's reasonable discretion" and 
fundamentally claims that in defining what intersections and ramps were analyzed in 
this SEIR the City has exercised reasonable discretion.  However, this assertion is 
undermined by content in the comments demonstrating that by prior and ongoing 
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studies in the general area and by common observation, the City knew or should 
have known that certain intersections and ramps in the SOMA and Mission Bay area 
that are on logical access and egress routes to the Project site are capacity 
challenged and are likely to be adversely impacted by the Project, yet it did not study 
them in the SEIR.  Hence, rather than exercising "reasonable discretion" as required 
by CEQA Guidelines, the City, in failing to study these locations, abused its 
discretion and failed to undertake the good faith effort to disclose impact demanded 
by CEQA. 
 
That the City has failed to exercise reasonable discretion in this matter is reinforced 
by two considerations. 

 Two UCSF hospitals are located a block from the Project site.  Many of the 
intersections and ramps on logical access/egress routes to/from the Project 
that, at the City's discretion, the SEIR failed to analyze are on the advised 
emergency access routes from various points in the City and region to the 
hospitals and are posted on the UCSF web site.  In excluding these 
intersections and ramps, the City clearly ignored public safety impacts of that 
decision. 

  The State of California Department of Transportation (Caltrans) has 
commented on the DSEIR as follows.  "Project-related queuing impacts on 
nearby State facilities should be analyzed" (see comment now labeled in 
SEIR A-Caltrans-5).  Caltrans clearly believes the DSEIR has not assessed 
impacts on a sufficient number of freeway mainline, ramps and ramp 
intersections that are likely to be impacted by the Project.  Caltrans opinion is 
due the same deference in this matter as that of the City. 

 
The City's response continues, attempting to explain why individual or groups of 
intersections and ramps were excluded from study in the DSEIR.  For example, the 
response cites 9 intersections along the Embarcadero and 15 along or east of 
Fourth Street that we claimed should have been studied.  It claims that because the 
Project is shifted to its current location farther south-west from the originally 
proposed location on Piers 30-32, the primary routes to and from the Project site 
from Downtown, SOMA, the northern parts of the City and from the North Bay and 
the I-80 ramps would be shifted farther west, away from these intersections.  But this 
is not true.  Except for the relatively few instances in which there is a concurrent 
evening Giants game at AT&T park, the routes along the Embarcadero and along 
and east of Fourth Street remain the most effective and imageable routes to the 
currently proposed Project site and the parking facilities that serve it from much of 
the Downtown, SOMA, northern parts of the City, the North Bay and the I-80 ramps 
to and from the East Bay.  Those paths are only likely to be altered on evenings with 
a concurrent Giants game.  And if a massive shift of traffic further west was 
assumed in the City's thinking as it scoped the current SEIR and excluded the 
intersections along the Embarcadero and on and east of Fourth on that assumption, 
why didn't it add more intersections in the Eighth Street corridor (including but not 
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limited to the ramps and intersections at Eighth and Harrison, Eighth and Bryant) 
and other intersections in the Van Ness, Franklin, Gough, Octavia corridors for 
example?  The City has no good answer. 
 
The response also claims that traffic passing through the Embarcadero intersections 
and the intersections along and east of Fourth would be less significant because a 
survey of baseball attendees at AT&T park suggested that many attendees who 
worked Downtown or in SOMA and drove to work left their cars at their commute 
parking locations and walked, used transit or took cabs to and from the ballpark.  
This type of data is of course irrelevant because those considerations should have 
already been taken into account in the SEIR's assumptions about mode split to the 
park from those districts.  Moreover, this type behavior is likely to become 
increasingly uncommon as surface parking in those districts disappears and is 
replaced by parking garages that tend to close earlier than parkers could travel back 
to them at the conclusion of ballpark or arena events. 
 
The response also cites new study of a single intersection, that of Eighth and Bryant 
as exemplar of why additional study intersections are not justified.  This intersection 
is an anomalously complex intersection, and the effects of its complexities on traffic 
operations are difficult to replicate in theoretical delay/level of service calculations.  
Part of the complexity is that Eighth Street, which is one-way southbound north of 
Brannan becomes two-way south of Brannan.  The complexity is compounded 
because columns that support I-80 as it crosses above Eighth between Bryant and 
Brannan are located in the center of Eighth Street and force southbound drivers that 
want to turn left at Brannan or go through or right there to pick the correct lane 
before departing the heavily congested intersection of Eighth and Bryant.  Moreover, 
from this point of choice, drivers’ views of what choices they must make before 
moving along Eighth toward Brannan are obscured by the columns and I-80 
structure.  In general, calculations of LOS at one location are poor predictors of 
delay/LOS conditions somewhere else.  Moreover, in this case, the unique 
geometrics of the subject intersection and their unusual effects on driver behavior 
make the outcome of theoretical delay/LOS calculations anomalous rather than 
exemplar of anything elsewhere. 
 
The City's response is clearly grasping straws to avoid analyzing the full array of 
intersections and ramps that, in a good faith effort to disclose impact, the SEIR 
should have evaluated.  The City's response to the subject comment set is 
inadequate, and in continuing to evade analysis of potentially adversely affected 
freeway segments, intersections and ramps, the SEIR is defective and unsuited for 
certification.  
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Section 13.11.3, Response TR-2c 
 
 Response TR-2c replies to our comments O-MBA10L4-21 and -22, and those of 
others that the DSEIR understates transit and traffic impacts because it is based on 
outdated traffic and transit data unrepresentative of existing conditions at the time of 
filing the Notice of Preparation (NOP) for the SEIR. 
 
The initial point in the response in Response TR-2c is to deny that the baseline data 
relied upon in the DSEIR was stale, and to claim that the City and its consultants 
took steps to assure that they relied upon data as up-to-date as feasible.  This 
assertion is factually untrue. 
 
Here we briefly review the facts of the situation, first with regard to transit data.   
 

 The NOP for the Project was circulated on November 19, 2014.   
 The data document relied on in the DSEIR transit impact analysis for Muni 

operations in the City states that this data was collected in the fall of 2010 and 
at some time in 2011. 

 The data relied upon for services in the regional transit corridors serving the 
City was drawn from a SFMTA TEP project published in October 2012.  
Obviously, the regional transit corridor data published in that study reflects 
observations some time before October, 2012. 

 Since those times of data collection, there have been a large number of 
development projects completed and occupied in the C-3, SOMA and Mission 
Bay and yet others were approved and under construction.  In addition, the 
recovering economy has added considerable numbers of riders to the local 
and regional transit systems. 

Clearly the transit data relied upon in the DSEIR was stale at the time the analysis 
was performed and this should have been obvious to the City and its consultants.  
Moreover, contrary to the claim in Response TR-2c that the City and its consultants 
took steps to assure that they relied upon data as up-to-date as feasible, new 
information released as part of Response TR-2c makes obvious that this is not the 
case. 

 Several weeks before the DSEIR was circulated, the City issued updated 
summarizations of Muni patronage data and regional transit service data. 

 Several weeks before the DSEIR was circulated, the City had BART 
patronage data that was very current – actually through April, 2015. 

Yet the City did not update the transit analysis in light of this data before circulating 
the DSEIR or even acknowledge the existence of newer data in any way in that 
document.  This is improper. 
 
Response TR-26 does not present in full the new transit data set, the San Francisco 
Planning Department Memorandum Transit Data for Transportation Impact Studies 
dated May 15, 2015.  Instead it presents a composite table compiled from the 
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information in the cited memorandum (Table 5.2-43) sourced to Adavant 
Consulting/Fehr & Peers/LCW Consulting and dated 2015.  This composite table 
omits key data from the actual May 15, 2015 San Francisco Planning Department 
Memorandum (a copy of which is appended hereto as Exhibit 1) that indicate the 
data reflected therein were collected in 2013 for Muni operations and in 2012 for 
regional transit operations.  This raises two key issues: 

 Although the revised analysis presented in Response TR-2c is based on 
newer data, that data is also stale. 

 In omitting, in the summary table published in Response TR-2c, the 
notations indicating the dates on which the newer data was collected, the 
response either deliberately or inadvertently misleads the public to believe the 
analysis in the response is based on current 2015 data, which it is not. 

 
Although Response TR-2c mentions having BART’s April, 2015 ridership data and 
claims to have relied on it, there is no evidence in the response of how and where 
the SEIR made use of it in any way.  Although the City has placed the raw BART  of 
April ridership data, ascribed to a May 1, 2015 submission by Val Menotti, Bart Chief 
Planning & Development Officer, on the SEIR web site, the transmittal narrative is 
not presented nor is its translation into the regional screenline format relied on in the 
SEIR. We hereby demand that the conversion of the subject BART ridership data 
release be provided to the Mission Bay Alliance and its consultants in the format of 
the regional screenline analysis of the SEIR and that the period of comment be 
extended beyond the date of its provision to allow adequate time for review and 
comment on its implications.  We also note that BART’s own letter of comment on 
the DSEIR (now Comment A-BART) in its second paragraph of comment (a 
paragraph the SEIR ignores rather than enumerating for response (see SEIR page 
COM-19) notes as follows:  “Given strong job expansion in San Francisco, BART 
has experienced unprecedented ridership growth (~25% over the last four years) 
which creates a number of peak period capacity challenges.”  This statement clearly 
demonstrates that any reliance on regional transit data as old as 2012 (which the 
SEIR continues to rely on) is an inaccurate portrayal of the background conditions 
on which the Project imposes impacts.  Response TR-2c claims to have used the 
April, 2015 BART data  
 
Response TR-2c presents a reassessment of impacts on the 22 – Fillmore and the 
T-Third lines based on the purportedly ‘new’ baseline data set and finds that 
deficiencies on these lines are not Project impacts because the Project’s contribution 
to ridership does not exceed 5 percent of total ridership at the maximum load points.  
However, this finding of lacking a ridership contribution in excess of 5 percent at the 
maximum load point comes about only because of the failure to consider the 
scenario of weekday Basketball event starts at 6 pm and the SEIR’s illogical refusal 
to consider that there is an offset between the time attendees pass through the 
arena turnstiles and the time those attendees are traveling on and impacting the 
transportation system (see our comments O-MBA10L4-17, O-MBA10L4-7, O-



Mr. Tom Lippe 
November 2, 2015 
Page 11 
 

 

MBA10L4-16 and our comments herein with respect to Response to Comments TR-
2a and TR-2d.  Had either or both the 6 pm game start scenario and the proper 
offset between arena turnstile passage time and time traveling on the transportation 
system been considered, there would be much more Project travel on the subject 
lines during the pm peak commute hour (5-6 pm) than is considered in the SEIR and 
significant impacts on these lines would be disclosed. 
 
Response TR-2c claims that use of the updated transit data does not result in any 
changes to impact determination for Muni transit presented in Impact TR-4.  This 
conclusion is incorrect and misleading because the analysis was not performed on 
adequately updated (still stale) transit ridership data and because it was performed 
without considering reasonable Project contributions to evening commute peak hour 
transit ridership (because of failure to consider a 6 pm game start scenario and 
failure to consider the offset between time riding transit and time passing through 
arena turnstiles for the 7:30 game start scenario). 
 
Response TR-2c also opines that, since ridership figures for the 22 Fillmore and T 
Third routes were obtained from SFMTA and reflect City’s plans for changing the 22-
Filmore and completing the Central Subway by year 2020, the SEIR analysis for 
these lines accounts for development that occurred and is probable to occur through 
2020.  However, we note that the planning studies for those transit service changes 
on those lines were performed several years ago and the SEIR presents no clear 
evidence whether or not the SFMTA projections for those transit projects reasonably 
reflects the development boom that has occurred in the C-3, SOMA and Mission Bay 
in the intervening years and whether or not job infill in existing development due to a 
revitalized economy was reflected. 
 
A final section of Response TR-2c attempts legalistic evasion of the issue of stale 
existing conditions data.  This section starts by stating:  “Overall the transit impact 
analysis presents a reasonable representation of transit conditions based on 
available data for the Muni and regional transit providers and additional analysis is 
not required.  Nor have commenters identified any flaws in the analysis that built 
upon the transit impact analysis.”  This statement is contrary to fact.  Four year old 
data collected at a time when the job and development economy was just starting to 
begin recovering from a period of stagnation and decline is clearly not representative 
of conditions after four subsequent years of aggressive development and job boom.  
And for our part, in our comment letter of July 26, 2015 comprises 27 pages 
identifying flaws in the analysis that are compounded by the flawed and outdated 
transit data base assumed as “existing” conditions in the DSEIR.  The response 
goes on to state:  “Although a somewhat different, and yet technically plausible, 
approach might have been possible, the City’s approach is abundantly supported by 
substantial evidence and represents a reasonable exercise of technical judgment.  In 
general, a lead agency’s determination regarding how ‘existing physical conditions 
without the project’ could ‘most reasonable be measured’ is ‘quintessentially a 
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discretionary determination”.  This statement misrepresents the issue in order to 
bend the framing of it to fit legal case precedents which are then cited in the 
response.  However, this is absolutely not a technical disagreement about how to go 
about collecting or reasonably measuring existing transit conditions data.  The issue 
is that the old transit data the City had on hand is simply not representative of the 
transit conditions that existed in late November, 2014 when the NOP was circulated. 
 
With regard to the issue of stale traffic data (Comment O-MBAL4-21), Response TR-
2c reiterates that the DSEIR adjusted the original counts to account for the opening 
of the UCSF Medical Center Phase 1 and the Public Safety Building that were 
nearing completion after the traffic counts were taken.  This adjustment for those 
buildings was acknowledged in our comment O-MBAL4-21 and is not a matter of 
question.  Response TR-2c goes on to state that subsequent traffic counts taken at 
three intersections in April 2015 confirm that the adjustments to the earlier traffic 
counts reasonably reflect the added traffic associated with the newly opened 
facilities cited above.  This point is also not challenged in our comment, at least with 
respect to the three particular intersections counted.  However, Response TR-2c 
then concludes: “Because the adjusted volumes used in the analysis were similar to 
or higher than those collected in the field in April 2015, it can reasonably be inferred 
[emphasis added] that the traffic volumes used in the existing and existing plus 
project analyses also adequately reflect any changes that may be associated with 
newly completed projects further afield (e.g., in SoMa).”  The idea that this 
conclusion can reasonably inferred is utter nonsense.  The DSEIR made no attempt 
to quantify what projects in northern Mission Bay, SOMA and the C-3 were 
completed after 2013 or nearing completion by early 2015, how much traffic they 
would generate and where most of that traffic would go and what study intersections 
it would affect.  The intersections that were counted in April 2015 (Third with 
Sixteenth, Fourth with Sixteenth and Fourth with Mariposa) are indeed “far afield”, 
being well to the southeast from new developments in northern Mission Bay, the 
SOMA and C-3 and are unlikely to be affected much by developments in those 
areas1.  But other intersections in the Project’s scope of study are much closer to 
those development areas and are likely to be considerably more affected by traffic 
generated by the uncounted developments there as well as increased traffic to/from 
those areas due to job growth within existing uses due to the improved economy.  
The April 2015 counts do nothing more than show the SEIR traffic adjustments for 
UCSF Medical Center Phase 1 and for the Public Safety Building came reasonably 
close to getting it right for those particular facilities and those particular intersections.  
They carry no inference for other new development and for other study intersections 
farther afield. 
 

                                                 
1 This is because traffic from northern Mission Bay, the SOMA and C-3 would likely take other routes 
journeying to and from the southeast that would not pass through the 3 intersections counted in April 2015. 
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Because of these considerations, Response TR-2c is inadequate and the comment 
that the SEIR traffic baseline is stale remains unrefuted. 
 
Section 13.11.3, Response TR-2d 
 
Response TR-2d concerns our comments now O-MBA10L4-7, O-MBA10L4-7, 
Caltrans (A-Caltrans-1) and others. 
 
Our comments concern the fact that the DSEIR relies on turnstile data2 on time of 
arrival at the Golden State Warriors current venue site (Oracle Arena) and other 
basketball venues to estimate how many attendees traveling to a game with a 7:30 
PM start time would be traveling on the area transportation system in the 4 to 6 PM 
peak commute period versus in the 6 to 8 PM early evening peak shoulder period 
without considering the reasonable offsets between the time attendees enter the 
“paid” areas of the arena and the time when they were actually traveling on the 
transportation system.   
 
Response TR-2d begins by stating as follows:  “For reasons explained below, the 
City disagrees with those comments and stands by its analysis, which reflects a 
number of evidence-backed, conservative assumptions.  While some of the points 
raised in the comments seem intuitively believable, actual data from comparable 
situations show that the comments have exaggerated the likely numbers of people 
would arrive [sic] before 6 pm for a 7:30 pm event.” 
 
Let us parse this introductory section of the response before moving to the further 
details.   
 
Re: “points raised in the comments seem intuitively believable”,  

 It is undeniable fact that attendees occupy capacity on the transportation for 
a period of time that depends on the length of their journey and mode and 
that the period they occupy capacity on the transportation system occurs 
before the time they pass through the arena turnstiles. 

  It is undeniable fact that even for attendees who go directly through the 
turnstiles into the paid section of the arena at the end of their trip to the site, 
there is a time offset between the time when they stop occupying capacity on 
the transportation system - when they debark onto the T Third platform, or the 
22 Fillmore stop or find a parking place nearby or perhaps even start walking 
from BART, Caltrain or the other Muni-Metro lines - and the time they pass 
through the turnstiles. 

 It is fact that some attendees wait outside the venue, perhaps to meet up 
with companions traveling separately (possibly to hand them their tickets, just 
soak in the atmosphere of the crowd arriving or for other reasons).  So the 

                                                 
2 The time attendees actually enter the “paid” areas of the arena. 
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time these attendees occupy capacity on the transportation system is even 
more offset than those who enter the arena directly. 

 It is fact that some choose to have drinks or meals at restaurants and bars 
outside the venue before entering the arena and that the offset between when 
these attendees occupy capacity on the transportation system and the time 
they pass through the arena turnstiles is even greater yet. 

These considerations are not just “intuitively believable”; they are undeniable fact 
and the SEIR’s analysis has failed to take them into account. 
 
Re: “the comments have exaggerated the likely numbers of people would arrive [sic] 
before 6 pm for a 7:30 pm event.” 
 
The fact that time of arena event attendees’ time on the transportation system is 
offset from the time they pass through the arena turnstiles for the reasons stated 
above is not a newly-discovered concept or theory; it is a fact the City and its 
consultants knew or should have known.  It is the City’s responsibility to have 
reasonably considered the offset factors in the SEIR and, based on that, reasonably 
estimated the number of arena attendees who would be impacting the transportation 
system during the evening commute peak hour in the case of a weekday evening 
arena event starting at 7:30 pm.  We have made a reasoned effort to estimate how 
many attendee’s travel to such an evening event would be offset into the evening 
commute peak hour.  The City and its consultants have made absolutely no attempt 
to consider the offset factors in estimating impacts of travelers to a 7:30 pm arena 
event start on the transportation system in the evening commute peak hour.  Hence, 
the City is in no position to opine that our reasonable estimate based on those offset 
factors is “exaggerated” since it didn’t try to make such an estimate at all. 
 
Re: “the City disagrees with those comments and stands by its analysis…”’ 
 
This is an attempt to transform what is a matter of fact into a disagreement among 
experts in the hope that courts will grant deference to the City’s opinion in the 
matter.  However, since this is a clear matter of fact, the response is inadequate and 
the City has refused to make the good faith effort to disclose impact that CEQA 
demands. 
 
Here we consider of details of Response TR-2d. 
 
Response TR-2d in the last paragraph of Volume 4, page 13.11-41 states: 
 

“As shown in the table on SEIR p. TR‐37 of Volume 3 of the SEIR, multiple basketball 

venues from various sources were evaluated to derive the arrival patterns at the 



Mr. Tom Lippe 
November 2, 2015 
Page 15 
 

 

proposed project arena. Of these, two locations (Oracle Arena in Oakland and Barclays 
Center in Brooklyn) separately reported arrivals occurring more than one and a half hour 
prior to the start of a basketball game The remaining facilities reported all arrivals 
occurring more than one hour before to the start of a game, most likely because those 
occurring more than one and a half hour prior to the game represent a small fraction of 
the total attendance. The average percentage of arrivals occurring between 5:00 and 
6:00 p.m. for those instances where arrivals occurring more than one and a half hour 
prior to the start of a basketball game (i.e., between 5:00 and 6:00 p.m. for a typical game 
starting at 7:30 p.m.) is less than 2.5 percent. Thus, to account for potential daily 
variability in arrival patterns, as well as the additional time it may take for attendees to 
enter to the event center after their arrival at the site or nearby vicinity, the SEIR 
conservatively assumed that more than twice as many attendees as the average (i.e., 5 
percent) would arrive between 5:00 and 6:00 p.m.” 

 
This section of the response is misleading in several respects.  Although Volume 3, 
page TR 37 presents 7 data sets obtained for 6 NBA basketball venues, examination 
reveals all of the data is turnstile entry data and only 3 of the data sets for 2 venues 
provided useful data measuring turnstile arrival times earlier more than 1.5 hours 
before game start time (which would definitely put travel by those attendees into the 
5 to 6 pm evening commute peak period).  One of those is for the Warriors at their 
current venue, Oracle Arena, and shows only 1 % of attendees arriving more than 
1.5 hours before game start time. The other two are for the first two years of 
operations of the Barclays Center in Brooklyn which respectively showed 2.0 and 4.1 
percent of attendees arriving more than 1.5 hours before the start of an evening 
basketball game. 
 
Let us put this data in perspective.  The Oakland-Alameda Coliseum complex on 
which the Oracle Arena sits has a total of almost 10,000 parking spaces, more than 
enough spaces to accommodate the entire Arena capacity attendance if attendees 
arrived at two persons per car occupancy.  This facility is noted for tailgating before 
basketball games as well as before other events.  In addition, persons arriving at the 
complex by BART can readily be observed joining friends who drove and parked at 
their tailgates.  Because of this, the observed 1 percent of attendees turnstile count 
for Oracle is probably under-representative of the numbers of attendees who 
actually arrive on the premises more than 1.5 hours before game start by a factor of 
25- to 30-fold or so.3  
 
The other data sets from Brooklyn show turnstile counts at the Barclays Center more 
than 1.5 hours before game start at 2 percent in the initial year and 4.1 percent in 
the second year of operation.  These percentages likely reflect in part attendees 
unfamiliar with a new venue and adapting their pregame behavior as they become 
more knowledgeable.  But neither of the two years turnstile data provides any 
                                                 
3 We note that it would not have been difficult or costly for the City, its consultants or the Project sponsor 
to have taken aerial photos of parking at the complex 1.5 hours before game start and again some time after 
game start, counted the cars in each, and used the relative numbers as a reasonable surrogate measure of 
what percentage of attendees arrive 1.5 hours before event start. 
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indication of how many of the attendees actually arrived in the vicinity of the 
Barclays Center more than 1.5 hours before event start (hence actually traveling on 
the transportation system in the pm commute peak period). 
 
The SEIR takes these three data sets, averages them, finds them to be less than 2.5 
percent of total attendees, doubles that to 5 percent and assumes that becomes a 
“conservative” estimate covering all the considerations why attendees might have 
arrived in the Project area 1.5 hours or more before event start (hence been 
traveling on the transportation system in the pm peak commute hour.).  The problem 
with this is, there is nothing that connects the turnstile percentage of attendees 
entering the arena more than 1.5 hours before event start to the percentage who 
arrive near the venue site 1.5 hours before or indicates that double that turnstile 
count is a “conservative” estimate of that latter item.  The claimed “evidence backed, 
conservative assumptions” the City claims to have made in this matter has no direct 
quantified or quantifiable relationship to the “evidence” the SEIR cites.  The City, its 
consultants or the Project sponsor could easily have easily and inexpensively 
measured attendee arrivals to the Warriors current venue environs (the Oakland 
Alameda Coliseum property) via motor vehicle and BART, but they failed to do so.  
By ‘deeming this unnecessary’ as it does on page 13.11-42, Response TR-2d 
expresses preference for the SEIR’s own unsubstantiated guess as to how many 
attendees of a 7:30 pm start basketball event are actually traveling on the 
transportation in the pre-6 pm evening commute peak hour rather than having 
reliably measured data.  And that guess is highly favorable to the Project since the 
low number of travelers in it minimize the chance of Project impacts on the 
transportation system being disclosed for the pm commute peak hour.  The 
response is inadequate and inconsistent with the good faith effort to disclose impact 
that CEQA demands. 
 
Section 13.11.3, Response TR-2f 
 
Response TR-2f replies to our comments O-MBA10L4-3, O-MBA10L4-4, O-
MBA10L4-23, O-MBA10L4-24, and O-MBA10L4-27.  The first and fourth of these 
comments relate to the SEIR’s failure to define the severity of the Project’s traffic 
impacts.  The second and third of these comments relate to failure to evaluate 
impacts at intersections under PCO control and the fifth relates to the SEIR’s failure 
to account for the effects of train passage in the analysis of the intersection of 
Sixteenth, Seventh and Mississippi. Both of these latter matters also ultimately go to 
the issue of failure to define severity of impacts. 
 
With regard to the failure to address changes in severity to impacts at locations 
already operating under conditions qualifying as impacted, the first three paragraphs 
of the response are padding, reciting definitions of LOS that are not in dispute in the 
comments.  The next three paragraphs of the response on page are legalistic 
arguments about whether CEQA requires disclosure of distinctions in severity to 
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impacts where conditions are already in a state considered impacted.  Without 
engaging in the argument of legal matters, we can state that from an engineering 
perspective, distinctions in severity of impacts represented by changes in delay in 
the LOS/delay computations are highly significant.  If the computations at a ramp or 
intersection already at LOS F show changes of a couple seconds of delay or so, this 
is hardly perceptible to drivers and is not indicative of meaningful change in severity 
of impact.  But if the computations show changes of, for example, a half-minute or a 
minute or more, this is indicative of a dramatic change in severity that is highly 
perceptible and involves potential for queue blockages of additional lanes or 
upstream locations.  Since the calculation procedures are capable of generating 
these estimates of delay and distinction of severity, this information should not be 
suppressed and ignored – doing so appears to be inconsistent with the good faith 
effort to disclose impact that CEQA demands. 
 
The response goes on for four more paragraphs discussing the evolution of LOS 
computation techniques, the City’s practices in use of them, and the technical 
meaningfulness of them.  The single point in these paragraphs worthy of 
consideration can be summarized as follows:  Calculation procedures to determine 
delay have been validated for instances where the subject location is below or 
slightly above capacity; in circumstances where capacity is greatly exceeded the 
validation is less strong and therefore the delay predictions are less reliable.  We 
acknowledge this.  But it is still clear if, say, an intersection or ramp is a couple 
seconds over the LOS F threshold in the existing condition and addition of project 
traffic computes to add a half minute or minute or more of delay, those are 
significant changes in severity.  This is regardless of the fact, because of the lower 
reliability of the delay calculation in the LOS F zone, that if the traffic were actually 
added in the field and the changes in delay were measured, the results might be 27 
seconds added instead of a half-minute or 55 seconds added instead of a minute. 
 
Response TR-2f continues for another page-and-a-half of irrelevant speculation that 
in the future, consideration of LOS/delay may be excluded from CEQA 
consideration.  For the present, LOS is a CEQA consideration, the City has relied on 
it and that portion of the response can safely be dismissed. 
 
Response TR-2f continues, replying to the issues in O-MBA10L4-4, O-MBA10L4-23, 
concerning failure to evaluate LOA/delay impacts at intersections under PCO 
control.  This comment concerns specific tables in DSEIR Volume 1 that are 
explicitly identified in the comments, Tables 5.2-47 and 5.2-48, respectively located 
on pages 5.2-172 and 5.2-174. These tables have no entries for LOS or delay at 
certain intersections, with the normal space for delay and LOS entries in those 
tables filled with the notation “PCO Controlled”.  The response points to completely 
different tables, Tables 5.2-34, 5.2-35 and 5.2-36 as having delay and LOS entries 
for those intersection locations.  This response evades the following questions: 

 What is LOS and delay at the times these intersections are PCO controlled? 
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 Does the SEIR conclude that PCO control mitigates significant impacts at 
these locations or do they remain significantly and unavoidably impacted? 

The response is inadequate. 
 
The final portion of Response TR-2f concerns the apparent lack considering the 
effect of Caltrain train movements on delay and LOS at the intersection of Seventh, 
Sixteenth and Mississippi.  The response confirms that the SEIR analysis did not 
attempt to analyze the effect of Caltrain train movements on the LOS/delay compiled 
for the intersection of Seventh-Sixteenth and Mississippi.  It points out that the SEIR 
analysis shows that with the reductions in general traffic lanes associated with the 
22 Fillmore Transit Priority project, together with Project traffic, with or without 
overlapping Giants games, this location would be at LOS F.  It then claims that, 
because the computation of delay is less reliable when LOS F conditions are already 
evident, there would be no point to attempting to further quantify the situation with 
respect to the effects on the subject intersection by Caltrain movements on the 
immediately adjacent grade crossing of Sixteenth.  This absurd response ignores 
and attempts to evade the key point of the comment which is that had Caltrain 
movements been considered, there is a good prospect the analysis might have 
shown that traffic on Sixteenth would queue to an extent that might obstruct the 
intersections of Sixteenth with Owens, Sixteenth with Fourth, and even Sixteenth 
with Third.  Since these locations are on a critical emergency and regular access 
route to the UCSF hospitals it is imperative that such an analysis be done (a good 
case for micro-simulation) and the SEIR is critically deficient for having failed to 
perform it. 
 
Section 13.11.3, Response TR-2g 
 
This response replies to our comments O-MBA10L4-3-13a and O-MBA10L4-18 
which concerns the criteria the City uses to define impacts on transit. 
 
To our comment that the ordinary transit impact criterion, ridership in excess of 85 
percent of screenline capacity based on scheduled service, or by scheduled line 
service where an individual line evaluation is ordered, is unreasonable and 
unrealistic.  Our reasoning is based on the fact that Muni rarely, if ever actually 
delivers the effective capacity of full scheduled service due to missed runs, bunching 
and skip-stopping and other issues related to lack of schedule reliability or on-time 
performance.  The response describes how passengers are counted, but this clearly 
does not include those left standing at bus stops and LRT platforms.  It also claims 
that the procedure takes into account the schedule reliability and on-time 
performance issues, but demonstrates no clear way that this is true.  It also fails to 
address the issue that, when only a screenline analysis is performed, this assumes 
the excess capacity on one line is available to serve the excess ridership on another, 
while in reality, most people’s travel patterns are well served by only a single line. 
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The response then moves to a key issue, that the City has relaxed the normal 
threshold of impact from 85 percent to 100 percent of capacity for this particular 
Project.  One of our criticisms is that relaxation of the normal threshold of significant 
impact for one favored project is inconsistent with the good faith effort to disclose 
impact that CEQA demands.  The response’s reply to this is that San Francisco 
already did the same for the 34th America’s Cup competition event and New York 
City does it all the time for large special events.  But the America’s Cup competition 
is/was fundamentally different from the proposed Project in that it involved large-
attendance spectator event competition occurring over just a few days in a single 
year; the Project involves events on over 200 days per year repeated over many, 
many years.  Moreover, the fact that nobody noticed that the City changed the rules 
for that specific event does not make it right then and does not justify making a 
special change of the impact criteria for this Project or for any project.  As regards to 
what New York City does for transit impact criterion with respect to large special 
events there, that is irrelevant to San Francisco. 
 
A key issue identified in the comments is that while event-attendees may tolerate 
100 percent-of-capacity crush loads (a justification the DSEIR used for the relaxed 
impact criterion), the problem is that this imposes a special misery on the people 
who are normal users of the affected lines at the times.  Response TR-2g fails to 
address this relevant point.  Furthermore, the issue of who the regular riders who are 
adversely impacted when special event attendees overcrowd and slow the operation 
of the affected transit lines has Social Justice implications.  We explore this topic, 
which the SEIR fails to address, below. 
 
Other commenters provide evidence that the community south of the Project site 
served by the T Third line is a disadvantaged community that is adversely impacted 
by the effects of transit services to the Project that create social justice issues 
unaddressed in the SEIR.  Here we discuss transit operations considerations that 
lend support to the assertion that the SEIR has failed to address social justice 
issues. 
 

 Regular users of the T Third will suffer unpleasant overcrowding due to 
event-goers in the pre-event and post-event periods, having to deal with 
scarcity of seating and uncomfortable sharing of standing space with 
boisterous pre-event goers and over-exuberant or angrily depressed (and 
often liquor-fueled) departing event goers. 

 The City’s decision to reduce the threshold of significant impact from the 
normal 85 percent of capacity to 100 percent of capacity exacerbates the 
overcrowding impacts on the regular user community. 

  Special T Third shuttle services to the Project site that turn back near the 
intersection of Sixteenth and Third occupy time slots that could be filled by 
runs that serve the community to the south in this corridor. 
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 Heavy boardings and alightings associated with event arrival and departure 
travel increase station dwell times, slowing service to normal users south of 
the Project site.  Delays associated with shuttle operation turn-backs do the 
same.  Also, turn-backs tend to create big gaps in service south of the Project 
site, as is reportedly already evidenced as the result of Giants games. 

 Reconstruction of the T Third station platform near the intersection of Third 
with Sixteenth to accommodate Project crowds, a reconstruction that will 
require over a year, will inevitably delay T Third services to the disadvantaged 
community to the south over the duration of the construction period.  At times 
this may even require substitution of inferior bus services. 

 
All of these constitute transit operational reasons why the SEIR should have 
included a Social Justice Impact section that has not been provided. 
 
Section 13.11.3, Response TR-2h 
 
This response replies to our comments O-MBA5-6, O-MBA10L4-9, O-MBA10L4-10, 
O-MBA10L4-11. O-MBA10L4-12, O-MBA10L4-26 and O-MBA10L4-36 and those of 
others.  The points of these comments are summarized as follows: 

 The cumulative analysis, pegged to Year 2040, 25 years from now, is purely 
speculative. 

 While a speculative look at conditions 25 years hence is not objectionable, 
overlooking a cumulative scenario 10 years hence misses the most active 
concerns of the current residents of San Francisco and the region, hence the 
SEIR is defective as an information document. 

 Absent inclusion of a shorter time-frame cumulative analysis, the long-term 
cumulative analysis deludes the public as to the nearer-term cumulative 
consequences of the Project. 

 Given the rapid pace of development approvals including frequent planning 
and zoning variances, a 25 year forward cumulative analysis based on 
General Plan development quantifications is irrelevant. 

 The transportation planning forecast tool used to prepare the travel 
forecasts for the 2040 cumulative analysis has a greater validation error (by a 
factor of 2) than the threshold of Project cumulative impact. 

 The City is actively planning massive changes to the transportation network 
that would substantially alter (seemingly to the Project’s detriment and to 
make it more impactful) transportation conditions in the immediate Project 
vicinity and that are as reasonably foreseeable as the plan development totals 
relied on in the 2040 analysis.  The SEIR has failed to assess these 
transportation network changes. 

 The SEIR uses an improper baseline for assessing cumulative 
transportation impacts.  It assesses the Project’s impacts relative to 2040 
conditions that are assumed to exist without the Project.  Per CEQA, it should 
evaluate the Project’s impacts, in combination with those of other present and 
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reasonably foreseeable future projects on the existing environment.  The 
essential difference is that what the SEIR has done is to compare a projection 
to a projection.  CEQA requires comparison of a joint projection to a known 
(the existing condition).  These are different things. 

 
Response TR-2h begins with a laborious 4-page description of the City’s ordinary 
practices in cumulative analysis and of the SF-CHAMP transportation model.  The 
discussion fails to address any of the issues in the comments and, in particular, the 
SF-CHAMP model’s calibration error being double the threshold of impacts that it is 
being relied upon to disclose.  
 
Response TR-2h continues in an attempt to justify the distant year cumulative 
analysis as follows: 
 

The 2040 cumulative horizon year is preferable to shorter period because the 
25‐year horizon year more accurately accounts for land use changes and their 
associated transportation network changes, as well as other planned 
transportation improvements. Future growth occurs according to the vagaries of 
variable economic conditions, development trends, changing sponsor 
development priorities, and legal actions that delay or curtail proposed 
development, and therefore, short‐term land use growth patterns cannot be 
accurately predicted in five‐year increments. In particular, redevelopment 
projects such as those included in the 2040 growth forecasts (e.g., Mission Bay 
Plan, Candlestick Point‐Hunters Point Shipyard Plan, redevelopment of Pier 70 
and Seawall Lot 337), often take longer than anticipated to be completed. For 
example, the Mission Bay Plan was anticipated to be substantially built‐out by 
2015, which is the cumulative analysis year for transportation conditions in the 
Mission Bay FSEIR; however, construction of development is still underway and 
the UCSF Mission Bay campus is anticipated to be completed by 2019. Nearby, 
the Candlestick Point‐Hunters Point Shipyard Phase II Development Plan 
identified completion of about 3,100 residential units by 2017; however, only 
about 240 of the 3,100 residential units are anticipated to be completed by the 
end of 2015. Construction of development part of the Pier 70 project is 
anticipated to continue through 2030. Thus, because larger multi‐year 
development proposals would be built over a number of years, a future 
cumulative analysis year considers completion of buildout of these projects. 
Therefore, the cumulative impact analysis presented on SEIR pp. 5.2‐208 – 
5.2‐232 (i.e., Impact C‐TR‐1 though Impact C‐TR‐10) adequately reflects 
the proposed project’s impacts in combination with other past, present, and 
reasonably foreseeable future projects, and a different or additional cumulative 
analysis year is not warranted. 

 
This response begs the question:  If all this is true, why didn’t the City use a 50, 
60 or 100 year period for the cumulative analysis.  The response, although 
seemingly filled with factual information, is nonsense relative to the issues. 
 
Also, nothing in the response addresses the final bulleted point above or its 
elaboration in the original comments.  CEQA requires evaluation of the 
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cumulative condition, including the Project in combination with other foreseeable 
in comparison to the existing environment, not a comparison of two hypothetical 
future conditions. 
 
 
Section 13.11.6 – Response TR-5 
 
This response relates to comments by BART (Comments A-BART-1, -4, -5, -7, -
8, and -9) and ourselves (O-MBA10L4-19) supplying a station-level analysis of 
impacts on BART that was critically missing in the DSEIR.  This station-level 
analysis provides completely new information, including Table 13.11-2, and 
conclusions that were previously missing.  Consequently, the information should 
be available for review for the full 45 day review period in Recirculated Draft 
status under CEQA. 
 
Section 13.11.6 – Response TR-8 
 
This response replies to our comment O-MBA10L4-28 concerning truck loading.  
The response indicates that new (un-numbered and untitled) figures showing truck 
turning templates for each loading are presented with the response.  It is not evident 
if and where the said figures are actually provided.  Hence, the response is 
inadequate. 
 
Section 13.11.6 – Response TR-9 
 
This reply responds to our comment and those of others regarding access impacts 
to emergency vehicles attempting to reach UCSF hospitals located in the immediate 
vicinity of the Project.  The response consists of a repetition and elaboration of the 
description of the ineffectual measures that prompted the comment rather than 
proposing clear mitigation to resolve the issues.  We note that the critical traffic LOS 
deficiency at the intersection of Seventh, Sixteenth and Mississippi, which is on 
advertised emergency routes to the UCSF hospitals is unmitigated and that the 
SEIR analysis at this location has failed to consider the effects of train crossings of 
Sixteenth Street, which could cause traffic on Sixteenth to queue into the 
intersections of Sixteenth with Owens and Sixteenth with Fourth, which are 
intersections crucial to hospital access, both emergency and normal.  The response 
is inadequate. 
 
Section 13.11.6 – Response TR-10 
 
This response, which concerns construction impacts, is merely a reprise of the 
inadequate information and findings in the DSEIR that prompted our and several 
other comments.  Of particular concern is the failure to address construction impacts 
associated with the reconstruction of the LRT station by the Project site on Third 
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Street, a reconstruction which poses impacts for ordinary traffic on Third Street, 
emergency vehicle traffic on Third Street and for operations of the T Third Muni LRT 
line itself, which may impose social justice transportation impacts on the 
disadvantaged communities located further south in the T Third LRT corridor.  These 
social justice impacts in specific have not been addressed. 
 
Conclusion 
 
Due to all of the foregoing and other issues not yet addressed in these comments, 
the SEIR transportation and circulation section is inadequate and unsuited for 
certification.   
 
Sincerely, 
 
Smith Engineering & Management 
A California Corporation 

 
Daniel T. Smith Jr., P.E. 
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P.O. Box 932 Lincoln, CA  95648 
P.O. Box 16121 Seattle, WA  98116 
 

Phone: (916) 768-6158 
E-Mail: Larry@LarryWymerTE.com 
Website: LarryWymerTE.com 
                                                                                                 

 
 
November 2, 2015 
 
Tom Lippe 
Law Offices of Thomas N. Lippe APC 
201 Mission St., 12th Floor 
San Francisco, CA 94105 
 
 
RE: Responses to RTC - Responses to Comments on the Draft Subsequent Environmental Impact Report- 

Event Center and Mixed Use Development at Mission Bay Blocks 29-32 (SCN:2014112045) 
 
Mr. Lippe, 
 
This letter summarizes my responses to the Response to Comments published on October 23, 2015.  These are the 
professional opinions of Larry Wymer, licensed California Traffic Engineer (#1955).    
 
OPINION 1 - The DSEIR’s Transportation and Circulation analysis does not adequately analyze the entirety 
of the study area impacted by the development 
 
OPINION 2 - The DSEIR’s Transportation and Circulation analysis does not analyze impacted study 
intersections and ramps in the SoMa and North Mission Bay areas, most notably those between Market Street 
and King Street 
 
I maintain the opinion that the study area should be expanded beyond those assumed within the SEIR to the SoMa 
area to incorporate relevant travel patterns which would exist for both the proposed project and the “the previous 
proposed arena site as described within the memorandum report titled “Travel and Parking Demand Estimates for 
the Proposed Event Center and Mixed Use Development at Piers 30-32 and Seawall Lot 330” which was dated 
August 9, 2013. 
 
The RTC states that my comment: 

“...noted that because some of the basketball game attendees would be arriving from the San Francisco 
downtown and Financial District areas, they would be required to pass through SoMa to arrive at the 
project site, so that additional intersections in the SoMa area would have to be evaluated. Mode of travel 
and place of origin surveys of baseball game attendees conducted by the SF Giants, as well as available 
parking occupancy surveys, suggest that many of those game attendees that drove to work at their jobs in 
the Financial District and SoMa areas, tend to walk, ride transit, or take a taxi to AT&T Park, leaving 
their cars at their commuter parking locations in order to avoid the evening commute congestion that 

typically occurs near I‐80 and AT&T Park and having to re‐park their cars at game‐day rates. It is likely 

that a similar condition would occur with the proposed project, with many of those working in downtown 
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riding Muni or special event shuttles, and taking taxis or TNC vehicles2, such as Uber or Lyft to the event 
center, rather than driving and having to park again with limited space availability.” 

 
The SEIR itself, as noted within Table 1 of my original comment letter (provided below) identified several 
corridors to/from the SoMa neighborhood with substantial trip percentages up to 32% of project traffic. 
 
 

Seventh St
s/o

Townsend St

Fourth St
s/o

Townsed St

King St
e/o

Third St

from WB I-80
to

Fifth St

5.2-14A 5.2-95 
Project Vehicle Trip Patterns to Major Parking Facilities -
Inbound Weekday PM Peak Hour - 
No Event and Convention Event

18% / 22% 7% / 7% 5% / 11% 8% / 7%

5.2-14B 5.2-96 
Project Vehicle Trip Patterns to Major Parking Facilities-
Outbound Weekday PM Peak Hour - 
No Event and Convention Event

19% / 19% 7% / 12% 5% / 5% 8% / 8%

5.2-14C 5.2-97 
Project Vehicle Trip Patterns to Major Parking Facilities -
Inbound Saturday Evening Peak Hour - 
No Event

20% 8% 5% 9%

5.2-14D 5.2-98 
Project Vehicle Trip Patterns to Major Parking Facilities -
Outbound Saturday Evening Peak Hour - 
No Event

20% 8% 5% 7%

5.2-14E 5.2-99 
Project Vehicle Trip Patterns to Major Parking Facilities -
Inbound Weekday and Saturday Peak Hours -
Basketball Game Without a SF Giants Evening Game

31% / 32% 13% / 13% 9% / 11% 29% / 30%

5.2-14F 5.2-100 
Project Vehicle Trip Patterns to Major Parking Facilities -
Outbound Weekday Late Evening Peak Hour - 
Basketball Game Without a SF Giants Evening Game

31% 13% 11% 20%

Source: "Event Center and Mixed Use Development at Mission Bay Blocks 29-32" DSEIR (June 5, 2015)

Trip Assignment Along Roadway

Table 1
Project Vehicle Trip Patterns to Major Parking Facilities

North Mission Bay & South SoMa

Figure Page Figure Title

 
It is not reasonable to discount the trips clearly represented by these trip pattern percentages established within the 
SEIR as irrelevant or unworthy of analysis because they may not be entirely comprised of trips within personal 
vehicles of those traveling through the SoMa area from the financial district.  Even if attendees utilize alternate 
transportation such as taxis, Uber or Lyft, they will still be new trips added to the roadways which will potentially 
significantly impact intersections north of the area studied. 
 
The RTC also states: 

 “The previously proposed center at Piers 30‐32 was located at the intersection of The Embarcadero and 

Bryant Street, with very different access patterns compared to the proposed project.” 
 
While true, generally the same level of traffic will be generated by both alternatives, and trips originating from 
the financial district would still be required to travel through the SoMa area.  While admittedly traveling along 
some different arterials through the SoMa district, the previous analysis considered intersections within SoMa 
whereas the SEIR does not.   
 
Please feel free to give me a call if you have any questions. 
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Sincerely, 
 
Larry Wymer & Associates Traffic Engineering 

 
Larry Wymer, CA T.E. 1955 
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EXHIBIT H



    
     

  2656 29th Street, Suite 201 
Santa Monica, CA 90405 

 
Matt Hagemann, P.G, C.Hg. 

   (949) 887‐9013 
  mhagemann@swape.com 

November 1, 2015  
 
Thomas N. Lippe 
The Law Offices of Thomas N. Lippe 
201 Mission Street, 12th Floor 
San Francisco, CA 94105 

 
Subject:  Response to Comments on the Event Center and Mixed‐Use Development 

Project at Mission Bay Blocks 29‐32 

 
Dear Mr. Lippe:  

 

We have reviewed the October 23, 2015 Event Center and Mixed‐Use Development at Mission Bay 

Blocks 29‐32 Project (“Project”) Final Subsequent Environmental Impact Report (FSEIR), which includes 

responses to comments (“Responses”) we made on the June 2015 Draft Environmental Subsequent 

Impact Report (DSEIR).   The Response fail to address the potential for transport of PCB‐contaminated 

sediment to San Francisco Bay.  The FSEIR should not be certified until best management practices that 

are specific to the prevention of PCB transport in stormwater are included as mitigation.   

PCB‐Specific BMPs Need to be Identified 
Our comments noted the detection of PCB in soil at the Project site and the need to implement 

measures during soil‐disturbing construction activities to prevent the transport of contamination to San 

Francisco Bay via stormwater.  Response HYD‐2 simply states that stormwater BMPs for PCBs must be 

consistent with best available technology economically achievable to meet requirements of the 

California Construction General Permit (p. 13.21‐12).  However, the Response does not specify BMPs 

that would meet this requirement.  It is key that certification of the FSEIR is upheld until BMPs specific to 

preventing the spread of PCB contamination are identified. 

The San Francisco Bay PCB total maximum daily loads (TMDL) established by the San Francisco Bay 

Regional Water Quality Control Board (Water Board) call for stormwater agencies, including the City and 

County of San Francisco, to achieve wasteload allocations by 2030 for PCBs.  The allocations are 

implemented through NPDES permits issued to Bay Area municipalities which are based on the premise 

that BMPs will reduce PCBs in stormwater runoff to the maximum extent practicable.   

Because PCBs have been detected in Project site soils, and because the Project is located so close to the 

Bay, we commented on the need to better assess PCBs in soil that would have resulted from past land 

use.  The Response makes no provisions for conducting that assessment and instead relies solely on the 

1 
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idea that unidentified BMPs will suffice in reducing PCB‐contaminated stormwater runoff.  This is not 

good enough, especially with the understanding that PCB contamination in San Francisco Bay is a 

growing concern.  In fact, San Jose recently sued Monsanto Corporation over liabilities for cleanup of 

PCB‐contaminated stormwater that flows into the South Bay.  A similar lawsuit was brought against 

Monsanto recently by the City of San Diego.1 

As mitigation, the FSEIR should include the results of a full evaluation of PCB contamination in Project 

site soils.  Soil sampling should be included as part of the evaluation to target areas where PCBs may 

have been released or spilled.  The study should be conducted under the oversight of the San Francisco 

Bay Regional Water Quality Control Board to ensure investigation procedures are adequate in assessing 

PCB contamination at the Project site. 

The FSEIR should also identify BMPs that will be effective in reducing PCB loading to the San Francisco 

Bay.  The following measures have been identified in a “toolbox” by the San Francisco Estuary Institute 

as BMPs that would be effective in reducing loading of PCBs to the Bay. 

 Source control BMPs:  

o Use of street sweeping to control sediment accumulation.  

 Treatment control BMPs: 

o Use of infiltration trenches and basins to prevent or reduce stormwater runoff; 

o Use of swales, buffer strips, and bioretention to slow flow and increase sediment 

deposition; and  

o Using media filters, inlet inserts, hydrodynamic separators to trap sediment. 

 

The FSEIR should reference this toolbox and should identify how these specific BMPs will be deployed 

and maintained.   To ensure implementation of PCB‐specific BMPs, the FSEIR should include language 

that would require the preparation of semi‐annual reports to the City of San Francisco that would 

document the deployment and the maintenance of the BMPs.   

Sincerely,  

 

Matt Hagemann, P.G., C.Hg. 

 

                                                            
1 https://en.wikipedia.org/wiki/Monsanto_legal_cases  
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3140 Gold Camp Dr ive Sui te  160  

Rancho Cordova CA 95670  

P 916.853.9293  

F 916.853.9297  
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Environmental, Geotechnical, Construction Services, Analytical Testing - An Employee-Owned Company 

 

 
November 2, 2015      BSK Project Number E0906601S 
 
Soluri Meserve 

Mr. Patrick Soluri, 

1010 F Street, Suite 100 

Sacramento, CA  95814 

 

 

Subject: Response to Comments Review 

  Mission Bay Subsequent Environmental Impact Report 

  San Francisco, California 

 

Dear Mr. Soluri, 

At your request, we prepared observations for specified sections of the Response to Comments 

Review Mission Bay Subsequent Environmental Impact Report (DSEIR, “Response”). In preparing 

this document we have reviewed the responses for the following Water Quality sections HYD‐3, 

HYD-4, as well as the associated UTIL-5, and UTIL-6.   

In general, these new analyses and discussions do not appear to support the conclusions and 

findings, or provide adequate responses to the prior public comments in these Sections. Given the 

short time available for these comments, we would recommend requesting an extension to be 

able to more fully review the Lead Agency responses and their analyses from a technical 

perspective to be able to provide comments on more sections or expand on our comments. 
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HYD-3 Water Quality – Waste Water System Improvements 

The Response acknowledges that building schedules for other projects such as UCSF – Phase 2 

Medical Center may result in wastewater system tolerance exceedances.   

The commenter writes that:  

“While the system can currently accommodate project‐related wastewater flows as discussed in 

Impact UT‐5, the capacity of the Mariposa Sanitary Pump Station could be exceeded as future 

projects are implemented, including UCSF’s Phase 2 Medical Center.” 

The respondent then acknowledges several assumptions outlined below. 

 SFPUC will implement permanent pump station, etc. “as soon as feasible” 

 Schedule for improvement is currently unknown 

 Completion (of improvements) could occur aft the proposed project is operation 

“It is assumed that the SFPUC will implement the permanent pump station and associated 

force main and conveyance piping improvements at the Mariposa Pump Station as soon as 

feasible, but the schedule for these improvements is currently unknown and completion could 

occur after the proposed project is constructed and operational. “ 

Again, the Response assumes SFPUC would make necessary operational and piping changes to 

accommodate additional flows in the interim in order to remain in compliance with RWQCB 

permits.  The respondent further states that system approvals by the RWQCB would ensure that 

water quality of the Bay would be protected.  This appears to be an unmitigated project impact. 

“In the event that additional future wastewater flows would exceed the pump station 

capacities before the needed wastewater system improvements could be completed, it is 

assumed that the SFPUC would make internal operational or piping changes to accommodate 

the additional flows in the interim in order to remain in compliance with RWQCB permit 

requirements. The interim system modifications would be subject to the approval of the 

RWQCB under the terms of the Bayside NPDES permit. Approval by the RWQCB would ensure 

that water quality of the Bay would be protected during the interim period. “ 

The Response concludes that interim modifications are operation or internal and would therefore 

not result in any physical environmental effects. 

“Any interim system modifications are assumed to be operational or internal to the existing 

pump stations and therefore would not result in any physical environmental effects.” 
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The response defers water quality issues by saying this assessment was addressed in different 

sections of the DSEIR, however, acknowledged potential for wastewater systems capacity 

exceedance is by definition a water quality issue and a CEQA Utilities impact.  The response even 

acknowledges this by presenting the SFPUC interim contingency plans outlining the wastewater 

re-routing system.  If this plan proves insufficient as the result of system loading, etc., what 

happens to excess wastewater the system is not designed to handle?  Either there will be upset 

conditions which will cause environmental impacts associated with sewage or there will be 

upgrades to the water treatment system(s) which have undisclosed environmental effects and no 

clear funding. 

HYD-4 Changes in Effluent Quality 

The respondent has simply laid out the statutory implications of failing to meet the terms of the 

NPDES permit.  There is no evidence or guarantee that the terms will be met, and what steps 

would be needed to avoid the environmental impacts if they are not met. 

UTIL‐6 Description of Interim Improvements 

The response identifies that the interim improvements have already occurred and were not 

associated with the project, however further identifying that the proposed project would have 

needed the same improvements to accommodate the project. Yet, even more improvements will 

be required beyond the interim improvements: 

“The SFPUC has concluded that long‐term permanent improvements to the Mariposa Pump Station will 

be required in order to handle anticipated, cumulative future flows. As noted in Impact C‐UT‐2 of the 

SEIR (p. 5.7‐15), the SFPUC has not identified a timetable for completing the long term improvements 

to the Mariposa Pump Station, and has not developed specific plans or designs for construction of the 

proposed improvements.” 

The project appears to attempt to have it both ways, the capacity is sufficient, after having built 

the interim improvements for the current project, yet close enough to the physical limits of these 

improvements that it is likely to need significant re-engineering in the near, but indeterminate 

future.  It appears that the project is attempting to avoid the current impact analysis and not have 

to deal with its cumulative impacts. 

 

 

LIMITATIONS 
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Environmental, Geotechnical, Construction Services, Analytical Testing - An Employee-Owned Company 

Via Email:  patrick@semlawyers.com 
 
November 2, 2015        BSK Project Number E0906601S 
 
 
 
Soluri Meserve 

Patrick Soluri 

1010 F St, Ste. 100  

Sacramento, CA  95814 

 
Subject: DRAFT Biological Resources Response to Comments Review 

  Mission Bay Subsequent Environmental Impact Report 

  San Francisco, California 

Dear Mr. Soluri: 

Per your request, BSK Associates (BSK) reviewed publicly available documents associated with the 

Responses to Comments Draft Subsequent Environmental Impact Report (“Response” and DSEIR 

respectively) on the Golden State Warriors Event Center and Mixed-Use Development at Mission Bay 

Blocks 29-32. BSK reviewed these documents for potential project impacts related to biological 

resources (following the California Environmental Quality Act [CEQA] Appendix G).  The Responses to 

Comments Draft SEIR, and its related supporting documents were reviewed, and replied to as needed 

for clarification or rebuttal. Additional scientific and technical resources prepared by others were also 

reviewed as needed.  

SUMMARY 

In our opinion, the Responses by the Office of Community Investment and Infrastructure failed in part or 

in total to respond to our original analyses in several areas.  In general, the biological elements of the 

Response (and provided supporting analyses) lacked technical foundation, ignored or misconstrued our 

analytical points, or conflated technically correct elements in such a way as to lead to incorrect 

interpretations.  Response BIO-1, General Approach to the Analysis, was not addressed in detail since 

we believe that no substantive changes have been made to the Biology section and our prior comments 

still apply. Additional comments that relate back to the BIO-1 Response are also found in the following 

comments.  
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ECOLOGICAL CONDITIONS RESPONSE REVIEW SECTION 13.19 BIOLOGICAL RESOURCES  

Response BIO‐2: Setting 

The response states, “The commenters’ observations and review of ecological conditions are noted and 

are not inconsistent with the setting information presented in the Initial Study.” (p. 13.19-11) 

This assertion attempts to state that our prior analysis of the Project setting was correct, but still 

somehow incorrect. There is an open water body feature in the middle of the site that meets both state 

and federal wetland multi-parameter criteria, yet according to the Response this doesn’t need to be fully 

described in the environmental setting or identified in the Project Description. This error in failing to 

provide and maintain an accurate site setting and its description continues through the analysis, and 

also within the findings: 

“Portions of the site are unutilized, including a depressed area (measuring approximately 320 feet by 

280 feet) created by an excavation and backfill associated with a prior environmental cleanup on the 

site.” (COMMISSION ON COMMUNITY INVESTMENT AND INFRASTRUCTURE RESOLUTION NO. 70-2015, 

Adopting Finding 2. Project Site, no page numbers.) 

The “depressed area” is also filled with water, that water is maintained permanently, and had to have a 

trench cut to it in order to drain the surrounding self-maintained wetland features. (See BSK prior 

comments, and BSK Wetland Delineation.)  Furthermore, buried within the Response, there is a 

simplified description of the setting that includes the pond that is much more accurate than the Project 

Description, yet even that description still fails to identify its wetland characteristics. The effect of this 

continuing error in defining the environmental setting as it relates to wetlands, listed species and the 

habitats, is that the project impacts on the environment for the wetland and water features and their 

associated habitats are not disclosed in a manner that are either accurately identified or the project 

mitigated in any substantive way.   

For example, several thousand pages within the Response document it more clearly identifies that there 

is water in the “excavation” and it functions as habitat: “The aquatic habitat on the project site consists 

of an isolated ponded excavation less than an acre in size created by past soil remediation activities.” 

and “Limited opportunities for colonization by either California red‐legged frog or western pond turtle 

since soil remediation of the site was conducted in 2005 means that the likelihood for these species to 

be present are slim given the extent of development in the project vicinity and absence of nearby 

occupied habitat from which individuals could disperse to the project site.”  (p. 13.19-14)   

The description of the environmental setting is inaccurate, it fails to identify that there are wetland 

features and aquatic habitat, and the public and certifiers would have no idea that these wetland 

features and habitat existed unless they poured through several thousand pages of contradictory 

descriptions. 
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Response BIO‐3: Special‐Status Species and BIO‐4: Sensitive Natural Communities 

The Special-Status Response indicates that the provided multiple reconnaissance-level surveys are 

essentially equivalent to a protocol-level survey for attempting to identify that listed species do not 

occupy the site.  This assertion is simply incorrect, as described by the very citations provided by BSK 

and the Response itself, and the provided analysis is replete with technical inconsistencies that again do 

not demonstrate the absence of listed species (WRA 20151). This analysis is discussed in detail in the 

following section. The Sensitive Natural Communities response and its supporting analysis present a 

mischaracterization of the potential project impacts to listed species, the steelhead. No allegation was 

made by us that the interior of the site was suitable or subject to use by steelhead. Conversely, Critical 

Habitat which was not identified in the DSEIR, is now identified in the Response, but its ecological 

dimensions are mischaracterized. 

The potential use of the site by other listed species was exclusive to as the California red-legged frog 

([CRLF] Rana draytonii) and steelhead trout (Oncorhynchus mykiss). The report specifically does not 

assess the potential for use of the site by the western pond turtle (WPT). Therefore the Response 

mischaracterizes the study.  

Site Surveys 

The report does not provide the credentials and experience of the WRA wildlife biologist Claire Woolf, 

so it is impossible to ascertain the qualifications of this person.  The report does not cite the use of the 

any survey methods or protocols, other than the site was ‘traversed’ on foot. For illustration, even the 

screening-level biological assessment of a site like this typically follows a variable intensity vehicular (to 

screen for sensitive bird species) and pedestrian survey to identify rare plants, to flush hidden and more 

secretive species and identify tracks, scat and burrows.  In addition, even if the methods had been 

described, and protocols had been followed, the survey dates did not appropriately span the correct 

periods to assess for the (local) listed plant species.  

Regardless, the efforts that have gone into this series of screening-levels surveys could have been 

protocol-level surveys completed by experts to definitively assess the site use by listed species.  

Protocol-level surveys are the only means by which a biological scientist can assert a negative species 

finding (absence). The protocol for floristic surveys, even if they had been completed, is clear: “a single 

field season does not constitute evidence(.)” (CDFG 2009; See Table 2 Special-Status Animal Species 

Reported or With Potential to Occur Near the Event Center and Mixed-Use Development Area at 

Mission Bay Blocks 29‐32. P 13.19-15).   

                                                 

 
1
 http://www.gsweventcenter.com/GSW_RTC_References/2015_1001_WRA.pdf 



Biological Resources Response Review  BSK Project E0906601S  
Mission Bay Subsequent Environmental Impact Report November 2, 2015 
San Francisco, California  Page 4 

 

For example, USFWS 2005 Survey Guidance for the CRLF was simply not followed. In cases where 

protocol-level surveys are unavailable, focused species-specific surveys (not to be confused with a 

focused survey that only looks for CNDDB listed species) by experts are the appropriate methodological 

approach.  There is no evidence that this approach was followed either.   

The report is silent on any aquatic species use, and on observations (or the absence of observations) for 

the CRLF and WPT.  For example, a qualified biologist completing a survey for CRLF would have 

identified that there were, or were not, eggs, egg masses, tadpoles, or frogs visible; and, similarly, 

provide specific identification of the presence or absence of tracks/drag marks at/near basking locations 

for the WPT.  The report is entirely silent on the aquatic community, which should have included the 

presence or absence of small fish, macroinvertebrates (aquatic insects), various worm species, and other 

prey sources.  These are just a few of the types of observations that should have been made and why a 

follow-on species specific survey is different from a reconnaissance-level survey, and, why this precise 

approach was requested in our original analysis and comments.  

It appears that the analysis uses protocol-level survey citations as inferential indications that these 

methods were applied, where they have not.  The Response to Comments reiterates in the footnotes 

our earlier list of protocols and focused survey citations (See BSK 2015), yet again fails to apply these to 

the project as requested: California Native Plant Society (CNPS), 2014. Inventory of Rare and 

Endangered Plants (online edition, v8‐02). Sacramento, California. 

http://www.cnps.org/cnps/rareplants/inventory/ (accessed September 10, 2014). CDFG, 2009. Protocols 

for Surveying and Evaluating Impacts to Special‐Status Native Plant Populations and Natural 

Communities. California Natural Resources Agency. November 24. USFWS, 2005. Revised Guidance on 

Site Assessments and Field Surveys for California Red‐legged Frog.   

For example, following the above cited protocol explains both why wetlands are special status natural 

communities and how to survey for special status plants [CDFG 2009]:  

“Most types of wetlands and riparian communities are considered special status natural 

communities due to their limited distribution in California. These natural communities often 

contain special status plants such as those described above. These protocols may be used in 

conjunction with protocols formulated by other agencies, for example, those developed by the 

U.S. Army Corps of Engineers to delineate jurisdictional wetlands or by the U.S. Fish and Wildlife 

Service to survey for the presence of special status plants.”  

Furthermore, the survey protocol specifies:  

“It is appropriate to conduct a botanical field survey when: 
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Natural (or naturalized) vegetation occurs on the site, and it is unknown if special status plant 

species or natural communities occur on the site, and the project has the potential for direct or 

indirect effects on vegetation; or(.)” (Emphasis added for clarity.) 

Yet, there is no evidence in the record that this special-status plant botanical survey was ever 

completed. The provided screening level effort only apparently reviewed the California Natural Diversity 

Database (CNDDB). Despite the admonition by the protocols, and the CNDDB’s user agreement, that the 

use of the CNDDB is neither a substitute for a careful technical approach or all inclusive.  For example, 

per the cited protocol, “every plant taxon that occurs on site is identified to the taxonomic level 

necessary to determine rarity and listing status.” This was not completed, or if it was it, was not 

provided.  These comments are simply provided for brief illustration, as it does not appear that the 

biologist intended to assert that the survey was anything more than a reconnaissance, as noted in the 

title.  In any case the provided study and the CEQA analysis are not sufficient to determine the absence 

of the identified listed species and of assessing the potential environmental impacts on listed species. 

Fisheries 

For fisheries, the Response and the analyses mischaracterize the site and the designated Critical Habitat. 

The WRA report states that: “[the pond] is not conducive to the survival of steelhead due to elevated 

temperatures and low oxygen conditions evident by the dominance of filamentous algae in the 

depression. Steelhead would not be able to survive conditions such as those present in the depression.” 

While those impressions are self-evident for steelhead trout, which are sensitive to environmental 

factors (and were never asserted by BSK to use the pond in the first place), the report makes no mention 

of the measurement of temperature or dissolved oxygen (DO) and neither of these can be visually 

estimated.  Measurement of temperature and DO are easily and commonly accomplished in the field.   

The Response, however, conflates these ad hoc field observations for trout with all other “aquatic 

species.”  The pond is not clearly suitable habitat for trout. However, there are aquatic plant species 

within the pond, and likely several other organisms, do use the ponds but those observations were not 

reported.  Instead, the analysis in the Response makes a claim from literature: “Algae blooms occupy the 

entirety of ponded water within the depression. Such conditions can result in low dissolved oxygen 

concentration that is inhospitable and even lethal to aquatic organisms. “(p. 13.19-14)  There are many 

kinds of algae, some are toxic, but most are not. However, the field work does not identify which algae 

occupy the pond, the DO concentration or temperature. 

Critical Habitat 

The Responses’ second fisheries analysis goes on at length that aquatic Critical Habitat does not include 

the terrestrial potions of the site, and implies in one case and then contradicts itself later that the Bay 

bordering the site is also not steelhead Critical Habitat. The physical area described in the analysis as 

“excluded” is the surrounding watershed proper and not the Bay, which is unambiguously Critical 
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Habitat and specifically the habitat which could be harmed by the project, as described in our original 

analysis (ESA2).  There are Bays within the steelhead Critical Habitat analysis that have been specifically 

excluded, such as Suisun, but the provided analysis is simply incorrect for San Francisco Bay.  See the 

analysis’ cited NMFS letter: “Critical habitat was designated for CCC steelhead on September 2, 2005 (70 

FR 52488) and includes PCEs essential for the conservation of CCC steelhead. Critical habitat in estuaries 

is defined by the perimeter of the waterbody as displayed on standard 1:24,000 scale topographic maps 

or the elevation of extreme high water, whichever is greater.” (p. 28)  The Bay is suitable and occupied 

habitat for steelhead “Steelhead of this size can withstand higher salinities than smaller fish (McCormick 

1994), and are more likely to occur for longer periods in tidally influenced estuaries, such as San 

Francisco Bay.” (p. 25)   

Indeed the analysis identifies a single selection from the life history and impact analysis of the NMFS 

letter, ignoring the numerous other passages that describe potential migratory exposure to the site, 

while singularly failing to mention that one of the reasons for listing critical habitat is because habitat 

quality in the Bay had been impacted by projects such as the proposed arena: “Habitat degradation in 

the action area is primarily due to altered and diminished freshwater inflow, shoreline development, 

shoreline stabilization, non-native invasive species, discharge and accumulation of contaminants,” (pgs. 

37-39 and 40 respectively.)  

There are the very same impacts that we have pointed out related directly to both the site-specific risk 

of contaminants degrading Critical Habitat, as well as clear cumulative effects from the project:   

“The San Mateo HU is located on the coast immediately south of the Golden Gate Bridge and includes 

several small creeks including San Gregorio and Pescadero Creeks.” “The Team concluded that these 

occupied areas contained one or more PCEs (i.e., spawning, rearing, or migratory habitat) for this ESU 

and identified management activities that may affect the PCEs, including agriculture, agricultural and 

non-agricultural water withdrawals, urbanization, non-hydro dams, and road building and 

maintenance.”  

The issue of the Critical Habitat designation, within the Bay is clear: 

 “We now conclude that it is possible to delineate some estuarine areas in California (e.g., the San 

Francisco-San Pablo-Suisun Bay complex, Humboldt Bay, and Morro Bay) that are occupied and contain 

essential habitat features that may require special management considerations or protection. Such 

estuarine areas are crucial for juvenile salmonids, given their multiple functions as areas for 

rearing/feeding, freshwater-saltwater acclimation, and migration (Simenstad et al., 1982; Marriott et al. 

2002). In many areas, especially the San Francisco Bay estuary, these habitats are occupied by multiple 

                                                 

 
2
 http://www.gsweventcenter.com/GSW_RTC_References/2012_1001_ESA.pdf 



Biological Resources Response Review  BSK Project E0906601S  
Mission Bay Subsequent Environmental Impact Report November 2, 2015 
San Francisco, California  Page 7 

 

ESUs. Accordingly, we are proposing to designate specific occupied estuarine areas as defined by a line 

connecting the furthest land points at the estuary mouth.” 

The Response analysis cites a letter from the National Oceanographic Atmospheric Administration - 

National Marine Fisheries Service (NOAA-NMFS) in an attempt to diminish the perception of the possible 

exposure of the fish to the site, by stating that the population splits its migration mainly to the north of 

the site, when instead it provides a perfect illustration of the sort of trustee agency review that should 

be considered for the project’s impacts on the estuary’s environment, a concurrence letter which the 

applicant has failed to secure. (p. 13.19-21)  This is the sort of biological analysis (Biological Assessment) 

and concurrence letter that the project should get to establish its potential impacts on a listed fish and 

its designated Critical Habitat. The Response fails to identify that the applicant or Lead Agency can 

simply request this concurrence from the federal fishery agencies and thus settle this issue. 

The analysis attempts to imply that somehow the listed steelhead trout, and its habitat, is somehow not 

germane by the proposed site development.  This is despite its identification by NOAA-NMFS as using for 

foraging and migration, these waters having been federally designated Critical Habitat, and the listing 

and designation as a result of its population decline by exposure to development and toxics.  

This logical hand waving is a result of the project’s failure to even identify that it was adjacent to 

occupied critical habitat (see BSK’s prior comments.)  Instead, the cited analysis by ESA, now attempts to 

conflate the spawning habitat of the designated stream critical habitat with the project site.  (ESA 2015)  

For example: “San Mateo Bayside HSA…was excluded from designated critical habitat for Central 

California Coastal steelhead DPS.”  The analysis states that its conclusion “is further supported” by the 

finding that the San Mateo Bayside HSA was excluded, as if there was any relevance to that fact.  We 

concur that the conditions of those blocks are not suitable for steelhead, they are unlikely to have 

occupied that site after Mission Bay was completely filled in, do not currently live on those blocks, and 

are unlikely to occupy the site until sea level rise/and or the predicted tsunami elevations are reached 

(see also BSK comments). 

Nowhere has anyone attempted to state or otherwise imply that somehow the Mission Bay Blocks 29-32 

are a migratory fish passage, are access to a spawning stream, or are an isolated lake capable of holding 

an steelhead Evolutionary Significant Unit.  However, clearly, and without ambiguity, the site is adjacent 

to, and influences both directly and indirectly, designated, occupied, critical habitat. Also that, NOAA-

NMFS has clearly identified that they migrate and occupy adjacent to the site in the San Francisco 

Bay/Estuary.   

The analysis required to demonstrate the nature and the extent of the project’s impacts to the aquatic 

environment and on listed fish populations under CEQA (IV Biological Resources, a) and their critical 

habitat (IV Biological Resources, f), has not been completed. We understand that there remain 

significant impacts, and that the project should complete a Biological Assessment and submit this to the 
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NOAA-NMFS and the California Department of Fish and Wildlife as a part of its analysis to either 

demonstrate that it has no significant impacts, or that it has impacts and has provided suitable 

mitigation, or made a finding of significant and unavoidable impact.  

Sensitive Natural Communities 

Similarly, the Response fails to adequately even define the Sensitive Natural Community at the site, 

completely ignoring the emergent wetland which was specifically identified by its own consultants (ESA 

2014), as well as our prior analysis assessing Sensitive Natural Communities.  Please note that there is 

limited Response provided for the whole list of BSK-identified communities, but focusing on just one: 

“California identifies one of these habitat types as sensitive: Bulboschoenus maritimus (Salt 

marsh bulrush marshes) Alliance, status S33 (S3 = Vulnerable in the state due to a restricted 

range, relatively few populations (often 80 or fewer), recent and widespread declines, or other 

factors making it vulnerable to extirpation from the state.)” (BSK initial comments on the DSEIR.) 

The Response states that the site does not qualify due to a lack of density of Bulboschoenus maritimus 

by simply asserting that the density is not enough, without any supporting analysis and then goes on to 

say that regardless, there is plenty of that particular Sensitive Natural Community in the Bay. 

The Response does finally acknowledge that ruderal sites can be habitat for rare plants, but its study 

fails to follow the rare plant protocol identified in its own citations. (See CNPS And CDFG.) In fact, no 

evidence of the qualifications of the surveyor and experience with the listed rare plants is provided. 

Furthermore, the Response provided a specific rebuttal to its own prior comments that ruderal and 

impacted sites might not have rare plants. (p. 13.19-19) Indeed rare plants can be found in many 

settings that are not the historic, pre-urbanization ideal condition, which the Response even specifically 

identifies for one of the species in question, Franciscan manzanita (Arctostaphylos franciscana).  This 

species was at a previously unidentified location within freeway median.  Yet, even this finding of a rare 

plant in an unlikely, highly disturbed location is apparently not a cautionary discovery and the Response 

sees no need for an appropriate survey.  By refusing to complete the proper, definitive surveys, and by 

ignoring documented Sensitive Natural Communities, the project has impacts that remain unanalyzed 

and thus unmitigated.   

Response BIO‐5: Wetlands  

The basic premise of the Response is that there simply is no reversion, since at any time the site could 

have been developed, and the pit filled in (p. 13.19-31).  Again, as stated in the initial BSK assessment of 

site conditions, that particular line of argument fails to acknowledge again that the site was not 

                                                 

 
3
 https://www.dfg.ca.gov/biogeodata/vegcamp/pdfs/natcomlist.pdf 
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consistent with the Order and the Revised Remedial Management Plan (RRMP) at the time it did not 

backfill the pit [[grammer makes this unclear]] . The Response ignores the BSK rebuttal that by the 

DSEIR’s own logic, no site could ever revert since all that is required to demonstrate that it was not 

reverted would be an assertion of future development potential.  All of the discussion regarding waters 

definitions has already been rebutted by BSK’s detailed analysis. No substantive new information has 

been provided by the Response.  The only new information in the Response is that they believe that 

state wetland laws only apply to federal wetlands and waters, which BSK showed previously it does not, 

and state wetland law is vastly more expansive and subject to different, state authorities. (p. 13.19-34)  

Response BIO‐6: Avian Impact 

Foraging habitat losses are dismissed out of hand, despite various consultant’s bird observations, and a 

specific assessment of available replacement habitat provided by BSK in its comments. (p. 13.19-30, 

13.19-47 and 48)  Then the Response analysis goes on to identify that replacement habitat is going to be 

made available by the project: “…while not included under the project purview, the adjacent, planned 

Bayfront Park will likely include landscaped and natural areas that offer similar or improved foraging and 

cover opportunities for local birds that would offset any perceived habitat loss associated with the 

proposed project development.”  It appears that despite its protestations, the Project is attempting to 

mitigate for its impacts without disclosing the impact, thresholds, and the details of the relevant 

Mitigation and Monitoring. (p. 13.19-38 and 13.19-47 and 48)  

Incremental, cumulative impacts to wetlands, foraging, and nesting habitat are exactly why CEQA has a 

cumulatively considerable analysis in order to identify and mitigate these losses.  Even then, where the 

project identifies it could directly kill birds through its construction impacts, it still gets that mitigation 

wrong for ground nesting birds.  

MITIGATION MONITORING & REPORTING PROGRAM 

The DSEIR analysis, at a minimum, should have been fully developed to acknowledge the Clean Water 

Act (CWA) and Porter-Cologne (and other regulatory requirements), as well as the numerous state and 

federal wetland policies and regulations that apply to this site. It remains our opinion that the DSEIR 

continues to fail to identify and mitigate for the project impacts to waters and wetlands at the site; as 

well as the potential impacts to biological resources within and around the site through contact with 

hazardous waste. The following section goes into each of these issues in greater detail.  

The sole mitigation for the loss of the water and wetlands, habitat and Biological Resources, is as 

follows: (Initial Study Section E13) 

M‐BI‐4a: Preconstruction Surveys for Nesting Birds To the extent practicable, vegetation 

removal and grading of the site in advance of new site construction shall be performed between 

September 1 and January 31 in order to avoid breeding and nesting season for birds. If these 
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activities cannot be performed during this period, a preconstruction survey of onsite vegetation 

for nesting birds shall be conducted by a qualified biologist. (Emphasis added.) 

Onsite vegetation is an inappropriate and overly narrow distinction.  Birds nest on the ground as well as 

in shrubs and grasses, including species such as the previously identified juvenile killdeer (Charadrius 

vociferous) and Canada geese (Branta canadensis) which were observed at the site.  Even the prior 

Response Section identifies that all birds nesting at the site should be protected from construction 

impacts: “Potential impacts to urban birds protected under the Migratory Bird Treaty Act and nesting in 

the excavations or vegetation within the entirety of project site are mitigated by implementation of 

Mitigation Measure M‐BI‐4a (Preconstruction Surveys for Nesting Birds), as discussed in the Initial Study 

for non‐special‐status wildlife. (See Initial Study, pp. 81‐83.)” (p. 13.19-37) Although it also fails to 

identify the unvegetated, non-excavated areas, which comprise the majority of the site. 

Finally, there needs to be a full protocol-level survey for the listed plants, including San Francisco 

manzanita (Arctostaphytos franciscana) during the appropriate season, to make an identification of the 

site’s plants by an qualified botanist with field experience in the identification of that and other local 

listed species. If special–status species are identified at the site a Worker Environmental Awareness Plan 

should be put into effect.  

Stormwater Mitigation 

The biological effects of stormwater on the environment are not properly analyzed.  The offered 

responses to comments regarding stormwater mitigation are particularly ironic given that the site has 

demonstrably failed to maintain its Best Management Practices (BMPs) and has visible waste material 

literally clogging its stormwater drains. (See BSK comments.)  The concept that simply stating that a BMP 

will work, without analyzing the nature of the impacts, and without maintaining those BMPs calls into 

question every part of the DSEIR that relates to sediment, toxins and wildlife exposures. For illustration, 

the BMPs at the site currently are not properly maintained and have been filled in or partly filled in with 

sediment, or breached completely. However, even if these sediment BMPs had been installed correctly 

and maintained, they do nothing for dissolved-fraction toxic chemicals.  The project fails to implement 

the sediment BMPs correctly and does not even offer readily implementable BMPs for dissolved-fraction 

chemicals found at the site.4, 5, 6, 7  Yet, the Response states unequivocally, “Any potential effects 

associated with contaminated stormwater runoff into San Francisco Bay would be avoided during 

construction through compliance with the Construction General Permit and implementation of a 

Stormwater Pollution Prevention Plan (SWPPP) as described in the Section 13.21, Response HYD‐2.” (p. 

                                                 

 
4
 http://water.epa.gov/polwaste/npdes/swbmp/index.cfm 

5
 http://water.epa.gov/scitech/wastetech/guide/stormwater/upload/2006_10_31_guide_stormwater_usw_b.pdf 

6
 http://water.epa.gov/scitech/wastetech/upload/2002_06_28_mtb_wetdtnpn.pdf 

7
 http://water.epa.gov/polwaste/npdes/stormwater/upload/nrc_stormwaterreport.pdf 
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Technical Memorandum 

 
Subject: Proposed Warrior Arena Wetland Features 

Date:  July 16, 2015 

To:  Soluri Meserve 

  1010 F St, Ste. 100  

Sacramento, CA 95814 

From:   BSK Associates 

  BSK Associates 

  3140 Gold Camp Drive, #160 

Rancho Cordova, CA 95670 

Re:  BSK Project Number E0906601S 

The purpose of this memorandum is to provide description and an assessment of the site’s 

waters and wetland conditions at Blocks 29-32, Mission Bay Project in San Francisco, California 

(Vicinity Map Figure 1).   

BSK Associates (BSK) provided a screening-level site visit of the proposed project area to assess 

its condition from the public right-of-way, shown on Figure 2. A combination variable intensity, 

pedestrian and vehicular survey was made of the site perimeter and of areas of the project site 

clearly visible from the public right-of-way on June 30, 2015. The approach, assumptions, 

significance evaluation, and results are summarized below.  

SITE OBSERVATIONS 

The proposed project footprint consists of two large paved areas (Southwest parking lot 

approximately 79,910 sq.ft./1.83 ac. and Northeast parking lot approximately 91,776 sq.ft./2.11 

ac.)1 currently being used as paid parking lots; an area of soil stockpiles (31,066 sq.ft./0.71 ac) on 

the eastern edge of the property (Terry A. Francois Boulevard); and an adjoining large open 

field, open water (22,115 sq.ft./0.51 ac) and wetland swale complex, (904 sq.ft./0.02 ac.) 

(closest to the Southwest parking lot) shown on Figure 2. A series of photographs were taken of 

the site and the adjoining areas (Attached Photo Plates).   

At the time of observation, the open water area encompassed the majority of the water feature, 

with a patchy, but substantial fringe of palustrine emergent (predominately alkali bulrush 

[Bolboschoenus maritimus]) and riparian plants (willows [Salix sp.]). The visible forb layer was 

                                                 
12015 Google Earth 
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typical of this sort of site.  The plants were concentrated on the two narrow ends of the water 

feature. The narrower channel and the seasonal wetlands apparent from the aerial photographs 

(Figures 2a-i) were not clearly visible from the site perimeter fence(es).  

Numerous native birds were observed within, and in some cases flying to and from the water 

body. Several Canada geese (Branta canadensis) were seen, including what appear to be adult 

plumage juveniles; three killdeer (Charadrius vociferous), including two juveniles; a female 

mallard and a juvenile (Anas platyrhynchos); several crows (Corvus brachyrhynchos); two non-

native Eurasian collared-doves (Streptopelia decaocto); and numerous non-native rock 

doves/pigeon (Columba livia). The site has significant use for nesting and foraging by these bird 

species.  

WATERS AND WETLAND FEATURE HISTORY 

The site is within the footprint of the historic Mission Bay, which has been filled in over time 

(ESA 2014; Pg. 1). The original Bay muds are still found below the site, as evidenced by the site 

soil borings (LTR 2015; Pg. 13 and Figures A-2 and A-3). The excavation intercepted local shallow 

groundwater and is evidently maintained by that natural source (LTR 2015; Pg. 14). The site also 

has seasonal wetland features which appear to be dominated by stormwater. It is not clear that 

these seasonal features would not be maintained for far longer in the spring, but they have 

been captured through an excavated trench apparently intended to drain them to the open 

water body (ESA 2014; Pg. 2).  The site “remedial” activities thus captured the local water table 

and allowed for the expression of open water and wetland features (ESA 2014; Pg. 2).  The ESA 

analysis goes on to specifically identify that the: “…deeper excavation and surrounding shallow 

depressions within the proposed project site are features that exhibit hydrology and vegetation 

characteristics of wetlands. Hydric soil is presumed present due to the year-round inundation 

and presence of obligate wetland plants.” (ESA 2014; Pg. 3) 

For additional purposes of comparison, BSK has provided a time-series of aerial photos of the 

site using Google Earth historic imagery for the period spanning 1938 through 2013 (Figures 2a, 

through 2i).  The imagery provides a clear indication of vegetation through its distinct shape, 

and indications of both reflectance and morphology for water features.  The time series does 

not provide information for the missing intervals, and so the relative changes of feature 

geometry (relative position and size) over time are used to confirm persistence of those 

features. 

July 1938 - The site has numerous apparent industrial uses, ranging from warehousing and tank 

storage, to railroads (Figure 2i). There is a ruderal area on the site on the northwestern corner.  

July 1946 - These conditions appear similar to 1938 (Figure 2h).  



Technical Memorandum  BSK Project E0906601S 
Blocks 29-32, Mission Bay  July 14, 2015 
San Francisco, California      Page 3 

 

June 21, 1987 - The site has similar activities, but with new buildings, less rail facilities and what 

appears to be a small concrete batch plant and material storage area on the western edge of the 

site (Figure 2g).  

September 25, 2001 - These details are much clearer, with the inclusion of a large soil stockpile 

on the eastern edge of the site (Figure 2f). On October 5, 2005, the site has had most of the 

buildings removed and several large stockpiles, as well as a large parking area (Figure 2e). The 

apparent interception of the local water table in one of the excavated areas is visible (See WRA 

2014; ESA 2014; and LTR 2015.  

February 2007 - The large excavation and a single large water feature are visible, by March 2007, 

that feature was approximately 87,000 sq.ft./2 ac. (Figure 2d).  

May 6, 2009 - There are two large parking lots visible and the main excavation has been filled 

through the middle such that it now has two features, and numerous small seasonal water 

features (Figure 2c). On April 3, 2011, the apparent open water and seasonal wetland features 

have naturalized with several areas of vegetation growing in around them (Figure 2b).  

January 1, 2013 - The water features are again fully flooded and consist of two large wetted 

areas (Figure 2a). According to the aerial photograph, the total waters and wetland area was 

approximately 31,000 sq.ft./0.71 ac. on October 24, 2014.  The available Google Earth historic 

imagery supports the history of water body formation and maintenance over time. 

WATERS AND WETLANDS 

The Clean Water Act (CWA) is the primary federal law in the United States governing water 

pollution and regulating water quality standards for surface waters. The basis of the CWA was 

enacted in 1948 (the Federal Water Pollution Control Act), but the Act was significantly 

reorganized and expanded in 1972. Both the US Army Corps of Engineers (USACE) and the US 

Environmental Protection Agency (USEPA) administer elements of these laws, but typically the 

USACE provides the waters and wetlands delineation protocols, administers the permitting 

program for wetland-impacting projects, and the USEPA provides oversight. Federal waters and 

wetland policy differs in several key regards from California, although there is much similarity. 

California also has a role in the CWA wetland permitting process through the 401 Certification 

process.   

The term "wetlands" from a 404 perspective generally means those areas that are inundated or 

saturated by surface or ground water at a frequency and duration sufficient to support, and that 

under normal circumstances do support, a prevalence of vegetation typically adapted for life in 

saturated soil conditions. Wetlands typically include swamps, marshes, bogs, and similar areas. 

These are typically identified using a three-part test, examining the presence of water, wetland 
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(hydric) soil, and wetland dependent (hydrophytic) vegetation, following specific guidance(s). 

The federal CWA section 404(b)(1) Guidelines list both wetlands and mud flats as types of 

“special aquatic sites”. 

In California, the State Water Resources Control Board (State Water Board) is responsible for 

establishing policy on State waters and wetlands. The policy is implemented through regulations 

established by the State Water Board and nine Regional Water Quality Control Boards (in the 

site’s case the San Francisco Regional Water Quality Control Board). The Boards also administer 

the CWA 401 Certification, which in some cases covers only portions of wetlands, and the Water 

discharge Requirements (WDR) for the non-Federal portions, if present. There are additional 

specific statutes and orders that also define or promote policy objectives regarding California’s 

wetlands, such as EO-W-59-932 and California Department of Fish and Game Streambed 

Alteration Agreement, among others. In addition, Porter-Cologne Water Quality Control Act 

(Cal. Water Code, Div. 7) can apply to coastal wetland projects (§ 13142.5), in particular to 

unabated chemical discharges from construction or chemical waste stockpiles. 

A wetland under California’s regulations contains the following features:  

An area that is covered by shallow water or where the surface soil is saturated, either year-

round or during periods of the year;  Where that water coverage has caused a lack of oxygen in 

the surface soil; and, has either no vegetation or plants of a type that have adapted to shallow 

water or saturated soil. Some examples are fresh water marshes, bogs, riparian areas, vernal 

pools, coastal mud flats and salt marshes. 

In addition, wetlands according to the CA Coastal Commission are defined as land where the 

water table is at, near, or above the land surface long enough to promote the formation of 

hydric soils or to support the growth of hydrophytes, and shall also include those types of 

wetlands where vegetation is lacking and soil is poorly developed or absent as a result of 

frequent and drastic fluctuations of surface water levels, wave action, water flow, turbidity or 

high concentrations of salts or other substances in the substrate. Such wetlands can be 

recognized by the presence of surface water or saturated substrate at some time during each 

year and their location within, or adjacent to, vegetated wetlands or deep-water habitats (14 

CCR 13577(b)). Furthermore, given the special salinity conditions associated with wetlands 

within the coastal zone, they also means lands which may be covered periodically or 

permanently with shallow water and include saltwater marshes, freshwater marshes, open or 

closed brackish water marshes, swamps, mudflats, and fens (Cal. Pub. Res. Code § 30121). 

In this case, there are both a permanent water body and a seasonal feature (possibly a small 

complex) with wetland characteristics by the admission of the experts who prepared the 

                                                 
2http://www.waterboards.ca.gov/water_issues/programs/cwa401/docs/wrapp2008/executive_order_w5
9_93.pdf 
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environmental documentation for the project. These characteristics clearly meet the definitions 

contained in the various regulations, including 14 CCR 13577(b), Cal. Pub. Res. Code § 30121.  

The open water feature and its hydrophytic vegetation was verified in the field, and through the 

use of aerial photos, showing their presence over time, both by season and by year. 

Federal Jurisdiction 

Wetlands created by human actions fall under a couple of discrete classes under Federal 

jurisdiction.  Most typically these are agricultural features that are caused by the movement of 

water from one location to another, such as a dam providing water to a canal constructed in 

uplands. In this case however, the site was originally a tidal mudflat or estuary wetland which 

has since reverted back to a wetland (ESA 2014). In addition, even if it was not originally a water 

or wetland, it currently meets those adjacency, and direct hydrologic connectivity requirements 

under the Final Clean Water Rule (2015; 33 CFR Part 328 and 40 CFR Parts 110, 112, 116, 117, 

122, 230, 232, 300, 302, and 401); and, even manmade wetlands and water bodies have 

restrictions on discharges under 33 CFR 323.4(b).  

There are Federal exemptions for specific construction associated activities.  These exemptions 

(33 CFR 323.4 - Discharges not requiring permits) are invalidated, however: “If any discharge of 

dredged or fill material resulting from the activities listed in paragraphs (a) (1) through (6) of this 

section contains any toxic pollutant listed under section 307 of the CWA such discharge shall be 

subject to any applicable toxic effluent standard or prohibition, and shall require a section 404 

permit.”  (33 CFR 323.4(b)).  

The site’s water and soils include several chemicals identified under CWA section 307 as toxic 

pollutants (BBL 2006; LTR 2015). 3  Those chemicals include the following 12 Priority Pollutants 

found in the in the LTR Phase II (LTR 2015; Table 4 and Table 5): 

1. Benzene 
2. Naphthalene 
3. Cyanide 
4. Antimony 
5. Arsenic 
6. Chromium 
7. Copper 
8. Lead 
9. Mercury 
10. Nickel 
11. Selenium 
12. Zinc 

                                                 
3
 http://water.epa.gov/scitech/methods/cwa/pollutants-background.cfm 
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Therefore, the site is not exempted under 33 CFR 323.4 because it contains 12 of the chemicals 

identified as priority pollutants under section 307. 

The site’s consultant, WRA, in a separate analysis, has attempted to claim exemption from the 

CWA under yet a different test (without identifying that any exemption is invalidated by the 

section 307 test described above (WRA 2014; Pg. 2)). WRA states that: “1986 (51 Fed. Reg. 

41206) (e) Water-filled depressions created in dry land incidental to construction activity and 

pits excavated in dry land for the purpose of obtaining fill, sand, or gravel unless and until the 

construction or excavation operation is abandoned and the resulting body of water meets the 

definition of waters of the United States.”  

This explanation, instead of demonstrating how the site may be exempted as an incidental 

construction feature, provides documentation that clearly shows how that feature has been 

abandoned.  Therefore the exemption also does not apply on that basis. The site owner’s clear 

and continuing failure to backfill the feature and its abandonment for the past decade, despite 

being under Order No. R2-2005-0028 and its RRMP, is on its face abandonment and its clear 

reversion to the definition of waters, wetlands and/or other special aquatic site.  

Indeed, there is no merit to the further argument made by WRA (Pg. 4) that: “As described in 

the RWQCB Order No. R2-2005-0028, the Project Area was to be excavated and backfilled in 

preparation for future development as part of the overall Mission Bay redevelopment plan.” The 

site was not backfilled.  It should be noted by WRA’s argument there could never be a case for 

reversion under the CWA, because any naturalized feature would simply ‘be ready’ for some 

postulated future backfilling.  The provided analysis fails to show: 1. How the feature has not 

reverted and 2. How the exemption override under 33 CFR 323.4 does not apply due to the 

presence of section 307 toxic chemicals. Regardless, WRA is simply silent on the open water and 

wetland features in context of the State water and wetland policy and applicable regulations. 

California Jurisdiction 

California does not have the same exemptions in its waters and wetland framework as exist 

under the CWA.  California derives its authority from different sources (Porter-Cologne Water 

Quality Control Act) for its policies, and includes all man-made features under its jurisdiction. 

Therefore the site’s water features, regardless of origin, appear to be regulated and protected 

waters of the State and wetlands. 

SITE ABANDONMENT AND HAZARDOUS CHEMICALS 

The site “remedial” activities captured the local water table and allowed for the expression of 

wetland characteristics and the site has naturalized over time (ESA 2014; Pg. 2). These activities 

have resulted in the creation of stockpiles of material that in some cases: “…contains 
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contaminants that exceed hazardous waste threshold concentrations and will require special 

handling and disposal.” adjacent or near to these wetland features (TWR 2015; Pg 1).  These 

activities took place over several years culminating in a Phase II remedial action that left the 

excavated area open and abandoned in 2005 (LTR 2015; Pg. 6). The Revised Risk Management 

Plan (RRMP, BBS; Pg. 2-3 and 2-3) infers that the excavation was backfilled, however, it was not.  

The RRMP further identifies that: “1. Because North Terminal, Parcel X4, OAS and 16th Street 

East OUs are currently under development, interim risk management measures (IRMMs) 

designed for undeveloped parcels are not relevant to the protection of human health on those 

OUs. If development ceases or areas are created with uncovered native soils, IRMMs may again 

be necessary.” (BBS 2006; Table 1) The development of the site still has not occurred, and there 

is no evidence that the IRMMs have been applied.  

The site’s open water and wetland features are thus a direct result from the abandonment of a 

site cleanup allowed to revert back to a natural state for approximately a decade.  Not only did 

natural features evolve in response to this abandonment, but the very abandonment created 

conditions that may have exposed wildlife to a variety of hazardous chemicals (LTR 2015). 

CONCLUSIONS 

The site has active wildlife use, open water and various forms of wetland features according to 

our observations (as well as those observations made by others), and appears to be subject to 

both State and Federal regulations associated with the protection of these species, their habitat, 

and these features (ESA 2014).  These regulations have several requirements that apply to the 

protection of wildlife and waters, including but not limited to, the Migratory Bird Treaty Act, the 

federal Clean Water Act, Section 404, and the State’s various Clean Water Act responsibilities, 

and its own Porter-Cologne requirements. It is our opinion that the appropriate course of action 

for this site include: 

1. The site owner immediately ceases the placement of any and all fill material, including 

hazardous materials, into any of the water and wetland features, until those wetlands 

have been delineated using the appropriate protocols; the appropriate State and 

Federal Permits have been secured; and, the appropriate compensatory mitigation has 

been implemented. 

2. The site owner immediately ceases the uncontrolled runoff from the staged covered, 

and any hazardous material piles, into these features. 

3. The protection of wildlife that occupy the site be established through the 

implementation of a Worker Environmental Awareness Plan, and that Plan includes 

protection breeding birds and their offspring. 





Sources: Esri, HERE, DeLorme, TomTom, Intermap, increment P Corp.,
GEBCO, USGS, FAO, NPS, NRCAN, GeoBase, IGN, Kadaster NL,
Ordnance Survey, Esri Japan, METI, Esri China (Hong Kong), swisstopo,
MapmyIndia, © OpenStreetMap contributors, and the GIS User
Community
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Figure 2
Current Aerial Photograph
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Figure 2a
2013 Aerial Photograph
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Source: Google Earth Historical Images, January 1, 2013
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Figure 2b
2011 Aerial Photograph
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Figure 2c
2009 Aerial Photograph
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Figure 2e
2007 Aerial Photograph
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Figure 2e
2005 Aerial Photograph
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Figure 2f
2001 Aerial Photograph
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Figure 2g
1987 Aerial Photograph
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Figure 2h
1946 Aerial Photograph
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Figure 2i
1938 Aerial Photograph
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1. INTRODUCTION 

BSK Associates (BSK) completed a waters assessment and wetland delineation under the direction of 

Soluri-Meserve for the proposed Mission Bay development project site (Blocks 29-32). The site is owned 

by the Golden State Warriors after a recent sale from Salesforce.Com, Inc.  The purpose of the 

delineation was to identify potential wetland features within the project footprint. BSK is requesting a 

Preliminary Jurisdictional Determination (JD) for the purposes of verification of “waters” and the 

wetland features at this proposed project site.  The purpose of this report is to provide supporting 

description and an assessment of the site’s waters and wetland conditions at Blocks 29-32, Mission Bay 

Project in San Francisco, California (Vicinity Map Figure 1). The approach, assumptions, significance 

evaluation, and results are detailed below. 

2. GENERAL SITE DESCRIPTION 

The approximately 12-acre proposed project site (hereinafter the “site”) is located in San Francisco, CA 

on bounded by 3rd, 16th and South Streets, and Terry Francois Blvd (to the east).  This site has also been 

identified as parcel lots 29-32 within the greater Mission Bay South Development (Site Map Figure 2).  

The site vicinity and location figures are provided at the end of this report.  The “Area of Potential 

Effect” (APE) is within the central and southwestern portion of the site. The site is bounded by urban 

development on all four sides, including parking lots on two sides (west and north).  The eastern and 

northeastern sides of the site have staged piles of previously identified potentially hazardous materials 

(BBL 2006 and LTR 2015). 

The terrain is nearly flat, although the western third of the site slopes steeply towards the pond area. 

The majority of the site is disturbed, with several large areas of barren soil, intermixed with low density 

non-native annual ruderal and grassland habitats.  Within that disturbed area, there are wetland 

features which are further described in this study.   

The APE contains features with wetland characteristics, including a series of swales (approximately 904 

sq.ft./0.02 acre) that radiate from the east to the west into to an approximately 22,115 sq.ft./0.51 acre 

open water pond feature.  This pond feature is located approximately 702 feet from the open water of 

the Bay, with the swales located between the pond and the Bay.  

2.1 Waters and Wetland Feature History 

The site is within the footprint of the historic Mission Bay, which has been filled in over time (ESA 2014; 

Pg. 1). The original Bay muds are still found below the site, as evidenced by the site soil borings (LTR 

2015; Pg. 13 and Figures A-2 and A-3). The pond intercepts local shallow groundwater and is evidently 

maintained by that natural source (LTR 2015; Pg. 14). The site also has seasonal wetland features which 

appear to be dominated by stormwater influences. It is not clear that these seasonal features would not 
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be maintained for far longer in the spring, but they have been captured through an excavated trench 

apparently intended to drain them to the pond (ESA 2014; Pg. 2).  The ESA analysis goes on to 

specifically identify that the: “…deeper excavation and surrounding shallow depressions within the 

proposed project site are features that exhibit hydrology and vegetation characteristics of wetlands. 

Hydric soil is presumed present due to the year-round inundation and presence of obligate wetland 

plants.” (ESA 2014; Pg. 3) 

For additional purposes of comparison, BSK has provided a time-series of aerial photos of the site using 

Google Earth historic imagery for the period spanning through 2013 (Figures 3, 4 and 5).  The imagery 

provides a clear indication of vegetation through its distinct shape, and indications of both reflectance 

and morphology for water features.  The time series does not provide information for the missing 

intervals, and so the relative changes of feature geometry (relative position and size) over time are used 

to confirm persistence of those features. 

May 6, 2009 - There are two large parking lots visible and the main pond feature has been filled through 

the middle such that it now has two features, and numerous small seasonal water features (Figure 3).  

On April 3, 2011, the apparent open water and seasonal wetland features have naturalized with several 

areas of vegetation growing in around them (Figure 4).  

January 1, 2013 - The water features are again fully flooded and consist of two large wetted areas 

(Figure 5). According to the aerial photograph, the total waters and wetland area was approximately 

31,000 sq.ft./0.71 ac. on October 24, 2014.  The available Google Earth historic imagery supports the 

history of water body formation and maintenance over time. 

3. REGULATORY BACKGROUND 

Any person, firm, or agency planning to alter or work in navigable waters of the U.S., including planning 

to discharge dredged or fill material, must first obtain authorization from the USACE. Permits, licenses, 

variances, or similar authorization may also be required by other federal, state, and local statutes. 

Section 10 of the Rivers and Harbors Act of 1899 prohibits the obstruction or alteration of navigable 

waters of the U.S. without a permit from the USACE (33 U.S.C. § 403). Section 301 of the Federal Water 

Pollution Control Act and Amendments of 1972 (CWA) prohibits the discharge of pollutants, including 

dredged or fill material, into waters of the U.S. without a Section 404 permit from USACE (33 U.S.C. § 

1344). State Water Quality Certification may be required by the Regional Water Quality Control Board 

before other permits are issued. If a proposed project will result in the alteration of a California lake or 

streambed, the California Department of Fish and Wildlife (CDFW) require notification prior to 

commencement, and may require a Lake or Streambed Alteration Agreement. 
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According to the Code of Federal Regulations, the definition of “waters of the U.S.” includes: 

(1) All waters which are currently used, or were used in the past, or may be 

susceptible to use in interstate or foreign commerce, including all waters which are 

subject to the ebb and flow of the tide;  

(2) All interstate waters including interstate wetlands;  

(3) All other waters such as intrastate lakes, rivers, streams (including intermittent 

streams), mudflats, sandflats, wetlands, sloughs, prairie potholes, wet meadows, playa 

lakes, or natural ponds, the use, degradation or destruction of which could affect 

interstate or foreign commerce. 

(5) Tributaries of waters identified in paragraphs (a) (1) through (4) of this section; 

(6) The territorial seas; 

(7) Wetlands adjacent to waters (other than waters that are themselves wetlands) 

identified in paragraphs (a) (1) through (6) of this section. 

(33 C.F.R. § 328.3) 

This approach to the waters determination extent has been modified somewhat with recent revisions 

under the Clean Water Rule, now subject to litigation1, 2:  

(8) All waters located within the 100-year floodplain of a water identified in paragraphs (a)(1) 

through (3) of this section and all waters located within 4,000 feet of the high tide line or 

ordinary high water mark of a water identified in paragraphs (a)(1) through (5) of this section 

where they are determined on a case-specific basis to have a significant nexus to a water 

identified in paragraphs (a)(1) through (3) of this section. 

And, a more detailed nexus test: 

“(5) Significant nexus. The term significant nexus means that a water, including wetlands, either 

alone or in combination with other similarly situated waters in the region, significantly affects 

the chemical, physical, or biological integrity of a water identified in paragraphs (a)(1) through 

(3) of this section. 

                                                        
1 http://www2.epa.gov/sites/production/files/2015-05/documents/fact_sheet_summary_final_1.pdf 
2 http://www2.epa.gov/cleanwaterrule/clean-water-rule-litigation-statement 
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The term “in the region” means the watershed that drains to the nearest water identified in 

paragraphs (a)(1) through (3) of this section. For an effect to be significant, it must be more than 

speculative or insubstantial. Waters are similarly situated when they function alike and are 

sufficiently close to function together in affecting downstream waters. For purposes of 

determining whether or not a water has a significant nexus, the water's effect on downstream 

paragraph (a)(1) through (3) waters shall be assessed by evaluating the aquatic functions 

identified in paragraphs (c)(5)(i) through (ix) of this section. A water has a significant nexus when 

any single function or combination of functions performed by the water, alone or together with 

similarly situated waters in the region, contributes significantly to the chemical, physical, or 

biological integrity of the nearest water identified in paragraphs (a)(1) through (3) of this 

section. Functions relevant to the significant nexus evaluation are the following: 

(i) Sediment trapping, 

(ii) Nutrient recycling, 

(iii) Pollutant trapping, transformation, filtering, and transport, 

(iv) Retention and attenuation of flood waters, 

(v) Runoff storage, 

(vi) Contribution of flow, 

(vii) Export of organic matter, 

(viii) Export of food resources, and 

(ix) Provision of life cycle dependent aquatic habitat (such as foraging, feeding, nesting, 

breeding, spawning, or use as a nursery area) for species located in a water identified in 

paragraphs (a)(1) through (3) of this section.” 

However, that rule is held in abeyance and follows the historic application of applying relevant case law, 

applicable policy, and the best science and technical data on a case-by-case basis in determining which 

waters are protected by the Clean Water Act, until litigation over the subject matter is resolved. 

Wetlands are defined as: 

“…those areas that are inundated or saturated by surface or ground water at a 

frequency and duration sufficient to support, and that under normal circumstances do 

support, a prevalence of vegetation typically adapted for life in saturated soil 

conditions.”  

(USACE 1987, p. 9, citing Federal Register 1980, 1982) 

The USACE and the Environmental Protection Agency issued the U.S. Army Corps of Engineers 

Jurisdictional Determination Form Instructional Guidebook on May 30, 2007, to provide guidance 

based on the Supreme Court’s decision regarding Rapanos v. United States and Carabell v. United 

States (USACE, 2007a, p. 6). 
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The decision provides new standards that distinguish between traditional navigable waters (TNWs), 

relatively permanent waters (RPWs), and non-relatively permanent waters (non-TNWs). Wetlands 

adjacent to non-TNWs are subject to CWA jurisdiction if:  the water body is relatively permanent, or if a 

water body abuts a RPW, or if a water body, in combination with all wetlands adjacent to that water 

body, has a significant nexus with TNWs (USACE, 2007a, pp. 6 to 7). The significant nexus analysis 

assesses the flow characteristics and functions of the water on the “chemical, physical, and biological 

integrity of downstream traditional navigable waters” (USACE, 2007b, p. 6). 

4. METHODOLOGY 

BSK conducted a fenceline wetland delineation at the site on June 30, 2015.  A combination variable 

intensity, pedestrian and vehicular survey was made of the site perimeter and of areas of the project 

site clearly visible from the public right-of-way.  During the site visit, BSK staff followed to the wetland 

delineation process set forth in the Regional Supplement to the Corps of Engineers Wetland Delineation 

Manual: Arid West Region, Version 2.0 (USACE, 2008) and verified using the adjacent zone’s Western 

Mountains, Valleys, and Coast Region (Version 2.0).  These methods include vegetation identification 

using the USACE State of California 2014 Wetland Plant List (USACE, 2014), including vegetation 

densities, soil classifications, plant species classification to the extent possible given the site access 

conditions. Some features could only be identified using desktop analysis of available aerial imagery. 

Because of documented hazardous wastes and the fact that permission to enter the site was not 

available, the BSK wetland scientist performed a visual survey from adjacent public roads and right of 

ways. Because of this limited access, qualified wetland scientists worked with BSK’s GIS specialists to 

identify and estimate the extent of the features remotely, using topographic maps and aerial 

photography.  Animal and plant species observed during the site visit are included in Table 1 at the end 

of this report. 

Wetlands were differentiated from uplands based upon visible hydrology, soil patterns, and vegetative 

characteristics, as well as observations by workers in a prior assessment (ESA 2014).  The wetland 

boundaries were determined by site-specific characteristics that would result in the best representation 

of all three parameters using the available information. 

5.1.1 Hyrodphytic Vegetation 

Hydrophytic vegetation was evaluated by a field assessment and comparing plant species with the 

USACE State of California 2014 Wetland Plant List (USACE, 2014).  This list determines the possibility of 

whether plants are found in wetlands, uplands, or both.  After classification, the USACE “rapid test” was 

conducted to determine the hydrophytic vegetation parameter.   
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5.1.2 Wetland Hydrology 

It should be noted that the site was surveyed during a “drought year” (USBR, 2014).  This requires 

“Difficult Wetland Situations” procedures (USACE, 2008).  Surveys conducted during drought years 

require a slight variation in the approach to wetland delineation.  This approach provides a better 

estimate of wetland potential based on the three parameters (wetland hydrology, hydric soils, 

hydrophytic vegetation) during a drought. Indicators A1, B1, B4, B6, B7, B8 and B10 were identified. 

5.1.3 Hydric Soil 

Hydric soils were not possible to assess given the nature of this assessment. However, ESA identified 

hydric soils but did not specify their Munsell color codes (ESA 2014).  

5.2 Wetlands and Other Waters of the U.S. 

Wetlands and other waters were described using the Cowardin classification system (Cowardin et al. 

1979).  As described above, approximate wetland boundaries were assessed by using the available 

characteristics and the supplemental features that demonstrated USACE characteristics for wetland and 

adjacent upland areas.  All features that potentially met USACE wetland criteria were recorded as 

polygons and recorded on Figure 2. The boundaries of wetlands were extrapolated from the field map 

by following topographic contours, clear hydrologic boundaries, and wetland vegetation boundaries. 

Cowardin’s wetland classification is as follows, Wetlands are lands transitional between terrestrial and 

aquatic systems where the water table is usually at or near the surface or the land is covered by shallow 

water. Wetlands must have one or more of the following three attributes: (1) at least periodically, the 

land supports predominantly hydrophytes; (2) the substrate is predominantly undrained hydric soil; 2 

and (3) the substrate is non-soil and is saturated with water or covered by shallow water at some time 

during the growing season of each year (Cowardin et al. 1979). 

Other waters of the U.S., were delineated using the methods described above and supported by the use 

of ‘A Field Guide to the Identification of the Ordinary High Water Mark in the Arid West Region of the 

Western United States’ (USACE 2008a), and in USACE Regulatory Guidance Letter No. 05-05 (USACE 

2005), where appropriate. These methodologies provided an approach for identifying the lateral limits 

of other waters of the U.S., using stream geomorphology and vegetation (USACE 2008a).  Indicators of 

the ordinary high water mark (OHWM) evaluated in the field included natural lines impressed on banks, 

stain lines, depositional features, shelving, changes in soil character, changes in vegetation, destruction 

of terrestrial vegetation, and the presence of litter and debris.  A clear debris line and shelf was visible. 
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5. OBSERVATIONS 

The approximately 12-acre site includes two large paved areas (Southwest parking lot approximately 

79,910 sq.ft./1.83 ac. and Northeast parking lot approximately 91,776 sq.ft./2.11 ac.)  currently being 

used as paid parking lots; an area of soil stockpiles (31,066 sq.ft./0.71 ac) on the eastern edge of the site 

(Terry A. Francois Boulevard); and an adjoining large open field, open water (22,115 sq.ft./0.51 ac) and 

wetland swale complex, (approximately 904 sq.ft./0.02 ac.) (closest to the Southwest parking lot) shown 

on Figure 2.  

At the time of observation, the unvegetated, open water area encompassed the majority of the water 

feature, with a patchy, but substantial fringe of palustrine emergent (predominately alkali bulrush 

[Bolboschoenus maritimus]) and riparian plants. The visible forb layer was typical of this sort of ruderal 

site.  The plants were concentrated on the two narrow ends of the water feature. The narrower channel 

and the seasonal wetlands apparent from the aerial photographs (Figures 3, 4 and 5) were not clearly 

visible from the site perimeter fence(es).  Using the Cowardin classification, the pond feature appears to 

presumptively meet the Palustrine Aquatic Bed, algal class. 

In terms of its biological use and wetland habitat function, numerous native birds were observed within, 

and in some cases flying to and from the water body. Several Canada geese (Branta canadensis) were 

seen, including what appear to be adult plumage juveniles; three killdeer (Charadrius vociferous), 

including two juveniles; a female and a juvenile mallard (Anas platyrhynchos); several crows (Corvus 

brachyrhynchos); two non-native Eurasian collared-doves (Streptopelia decaocto); and numerous non-

native rock doves/pigeon (Columba livia). The site has significant use for nesting and foraging by these 

bird species.  

The approximately 12-acre project site, where vegetated, is primarily non-native (ruderal) grassland 

habitat.  The APE is almost exclusively compromised of the herb stratum. It is bounded by urban 

development on all four sides.  The drainage patterns for the entire property are complex but from 

observations, including the aerial photos, it appears that the bare ground portion and parts of the paved 

parking lots provide the contributing watershed for the pond. 

The western portion of the site contains the most visible potential wetland characteristics and 

therefore, it was analyzed for wetland characteristics within the APE (approximately 0.53 acres).  The 

features are connected by a large ditch excavated to apparently drain the swale. The wetland surface is 

concave with a roughly rectangular shape in this area and approximately 30-40 feet across at the widest 

section.   

Aerial imagery from 2008 and 2010 identifies the east of the pond with standing water.  The seasonal 

feature is much larger than mapped because it appears that it has been newly drained into the pond 

feature through a large trench. This satisfies the wetland hydrology parameter “B7” and meets the 

wetland hydrology criterion.  This plot was located within a seasonal wetland.  
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6. DISCUSSION 

As a part of the delineation process, a preliminary search of the relevant historic and modern records of 

the project area was completed by BSK.  Those records include National Wetland Inventory (NWI) and 

Soil Conservation Service (SCS) maps and Federal Emergency Management Agency (FEMA) databases 

were conducted to evaluate if any documented wetlands were located on or near the site.  The NWI and 

SCS databases do not identify wetlands or hydric soils respectively within the APE.  This is because the 

site is identified as urban developed and non-natural conditions as a result of the historic filling of the 

Mission Bay.  San Francisco has not yet completed FEMA flood maps of this area.  Soil profiles were 

identified in the following report, LTR 2015, which verified that the site was developed on fill, placed 

over the Bay muds.  The nearest open water to the project site is San Francisco Bay located 

approximately 702 ft. east of the project site. 

San Francisco Bay is considered jurisdictional waters of the U.S. pursuant to Section 404 of the Clean 

Water Act (USACE, 1987, p. 2; 33 C.F.R. § 328.3). Mission Bay itself was an open tidal bay within the 

estuary, fully navigable and subject to use in international commerce.  The bay was filled in a series of 

stages prior to the CWA (LTR 2015).   

The site features are located approximately 702 feet from the nearest documented waters, tidal waters 

of the United States - San Francisco Bay, therefore adjacent to waters, meet the significant nexus tests; 

and are “other waters” as well, namely an open water pond feature and its associated wetlands is. The 

wetland features have been independently judged by two sets of wetland experts as having met 

wetland criteria for hydrology and vegetation (BSK and ESA), and soils (ESA). The site has been subject to 

significant recent disturbance which has apparently removed most of the vegetation associated with the 

seasonal wetlands. But these characteristics were evident despite being assessed during a drought 

season (USBR, 2014).  Historic aerial photos from verify standing water on the site (Digital Globe, 2014).  

Therefore, all three the wetland hydrology indicators are satisfied (USACE, 2008). 

The APE is within 1,000 feet of tidal waters (702 feet to the permanent water feature, and appears to 

provide the nexus functions: (i) Sediment trapping, (ii) Nutrient recycling,(iii) Pollutant trapping, 

transformation, filtering, and transport,(iv) Retention and attenuation of flood waters, (v) Runoff 

storage, (vii)  Export of organic matter, (viii) Export of food resources, and (ix) Provision of life cycle 

dependent aquatic habitat (such as foraging, feeding, nesting, breeding, spawning, or use as a nursery 

area) for species (BSK 2015; ESA 2014; DSEIR 2015. It further contains characteristics of a wetland as 

defined by the USACE, and therefore, should be classified as waters and a wetland within the identified 

wetland boundary. 

7. LIMITATIONS 

The observations, assessment and recommendations submitted in this report are based upon the data 

obtained from existing reports prepared by others, limited field investigation, and limited access site 
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observations.  The report does not reflect variations which may occur beyond the assessed area. The 

findings of the field observation may have a potential for negative impact(s) on the value or suitability of 

the site for some purposes.  BSK cannot assume liability for any such negative impact(s).  Permitting 

requirements or permit interpretations may change over time.  The findings of this report are valid as of 

the present.  However, changes in the conditions of the site can occur with the passage of time, whether 

caused by natural processes or the human-induced changes on this property or adjacent properties.  In 

addition, changes in applicable or appropriate standards or practices may occur, whether they result 

from legislation, governmental policy, or the broadening of knowledge.  BSK’s services were be 

performed in a manner consistent with the level of care and skill ordinarily exercised by other 

professionals practicing in the same locale and under similar circumstances at the time the work is 

performed.   

BSK has prepared this report for the exclusive use of Soluri-Meserve.  The report has been prepared in 

accordance with generally accepted practices which existed in northern California at the time the report 

was written.  No other warranties either expressed or implied are made as to the professional advice 

provided under the terms of BSK’s agreement with Soluri-Meserve. 

 

 

 

 

 

 

 

 

 

TABLE 1 
OBSERVED BIOLOGICAL RESOURCES  

Scientific Name Common Name Wetland Status 

Plants   

Schoenoplectus maritimus Alkali Rush OBL 
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Animals    

Anas platyrhynchos Mallard  

Branta canadensis Canadian Goose  

Columba livia Rock Dove  

Corvus brachyrhynchos American Crow  

Streptopelia decaocto Eurasian collared-doves  

Source: BSK Associates, 2015 
OBL: Obligate, FACW: Facultative Wetland, FAC: Facultative, FACU: Facultative Upland, UPL: Upland, N/A: Not available (USACE, 2014) 
*  http://rsgisias.crrel.usace.army.mil/NWPL/ 
 
 
 
 
 

TABLE 2 
EESTIMATED AREA OF POTENTIAL EFFECT UPLAND AND WETLAND ACREAGES 

Area Acreage 

Upland 11.47 acres 

Permanent Wetland   0.51 acres 

Seasonal Wetland   0.02 acres 

TOTAL 12.0 acres 
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 Certifications:  
Hazardous Analysis and Critical 
Control Point: Aquatic Nuisance 
Species, USFWS, 2003 
Constructed Wetland Designer; 
UW, Madison, 1993 
40-CFR Hazardous Waste 
Handling, 1992-1993 
 

Education:  
Ph.D., candidate (ABD) Riparian 
and Wetland Research Program, 
University of Montana, School of 
Forestry, Missoula, MT, 2003 
 
M.Sc., Environmental Science, 
Lesley College, Cambridge, MA, 
1991 
 
B.Sc., Microbiology (Business 
concentration), Colorado State 
University, Fort Collins, CO, 1987 
 
Experience:  
BSK Associates 2009-Present 
Wallace-Kuhl 2009-2006 
PLF 2006-2003 
KYNF 2003-2000 
2 

Erik Ringelberg – Ecological Services Group Manager 

Professional Background: 

Mr. Ringelberg began his career as an environmental scientist in 1992. His academic 
background includes a B.Sc. in Microbiology from Colorado State University, a M.Sc. 
in Environmental Science from Lesley University in Cambridge, Massachusetts, and 
he is a Ph. D. candidate at the University of Montana, in Riparian and Wetland 
Ecology. He has directed organizations, managed departments, technical staff, 
contractors, and volunteers for the public and private sectors. He has coordinated 
development and restoration projects with state and federal oversight agencies, 
developed threatened and endangered species management plans. Mr. Ringelberg 
directed and advised non-profit, tribal, and local government agencies on wildlife 
mitigation measures, special studies, habitat management and restoration for listed 
species. 
 
Mr. Ringelberg has completed numerous California Environmental Quality Act 
(CEQA) and National Environmental Policy Act (NEPA) processes and associated 
field studies, including protocol studies for listed avian, terrestrial, and aquatic species 
and their associated habitats in California, Nevada, and Montana.  He has delineated 
Streamside Management Zones, US Army Corps of Engineers - Wetlands and 
Ordinary High Water Marks and California “isolated” waters. Mr. Ringelberg has also 
directed both large and small-scale wetland and river restorations. 
 
Relevant Project Experience: 

Field Studies and Observations 
 
Wetland Delineations 

21 linear miles of Putah Creek for USACE NWP-27 and for Regional General Permits;  
17 linear miles of Cache Creek for the County of Yolo for a USACE Regional General 
Permit 58; 2,560 acres of wetland delineations in Tehama County; and, hundreds of 
acres for development projects in Fresno Sacramento, Solano, Stanislaus, and Yolo 
Counties.  
 
Wetland Habitat Reconstruction Analysis 

Reconstruction of pre-impact wetland and upland conditions using stratified random 
statistical analysis of NHP data, and site specific data from local informants, for the 
Yerington Nevada area.   
 
Worker Environmental Awareness Protection Plans 

Preparation and presentation of Worker Environmental Awareness Protection 
(WEAP) Plans for project which may have potential to impact wetlands, listed species 
and breeding birds in Solano and Yolo Counties. 
 
Field Ecology 
Putah and Cache Creek Plans, Yolo County, CA, Washoe County, and Lyon 

County NV - Technical Advisor on riparian and wetland habitat analysis, restoration 
(and SMARA-equivalent) planning for Yolo County Resource Management Planning 



Erik Ringelberg – Ecological Services Group Manager 

Area for Cache Creek, advisor for large-scale watershed restorations (and dam removal) on Putah Creek; 
and, restoration and management plans for the Pyramid Lake Paiute Reservation. Developed historic 
species lists for Cache Creek and Yerington region.   
 

Pyramid Lake Paiute Tribe, Big Valley, Robinson, and Upper Lake Rancherias,  in Washoe County 

NV and Clear Lake County, CA - Directed a multi-disciplinary lake and river research-management 
program for threatened and endangered species. Provided technical support for federal and state-listed 
species and those of tribal concern (Lahontan cutthroat trout, Cui-ui, Clearlake hitch, Sacramento perch, 
and tui chub), including managing 6 hatcheries, a water quality laboratory, and tagging programs.   
 
Missoula County Riparian Inventory and Classification Project, Missoula County, MT - Co-funded, 
developed, and managed the Missoula County riparian inventory. Researched the integration of riparian 
and wetland vegetation, habitat, and stream classifications.   
 
Certifications 
Hazardous Analysis and Critical Control Point: Aquatic Nuisance Species, USFWS 
Constructed Wetland Designer; University of Wisconsin, Madison 

 
Invited Speaker 
“Large Scale Wetlands Mapping: New Technology and Databases” and “Mitigation and Restoration 
Challenges” for Lorman’s: “Wetland Regulation in California” Sacramento, CA, 2014. 

“Agricultural Impacts from Restoration Activities in the Delta.” Watershed Education Foundation. Stockton, 
CA. 2014. 

“Elk Slough Restoration and Flood Control Opportunities.” Watershed Education Foundation. Sacramento 
CA. 2013. 

"Lessons Learned from Stream Restorations in the Central Valley." Landscape Architecture Department. 
University of California, Davis. CA. 2013.  

“Managing Project Environmental Risks” (co-presenter). 17th Annual Conference. American Public Works 
Association. Richmond, CA. 2013. 

Ringelberg, Erik. "Riparian Restoration - Team Approaches." Landscape Architecture. University of 
California, Davis. CA. 2011. Lecture. 

Ringelberg, Erik. "Applied Ecosystem Restoration." Wildlife, Fish and Conservation Biology, Habitat 
Conservation and Restoration. University of California, Davis. CA. 2009. Lecture. 

Ringelberg, Erik. "Adaptive Management, principles and guidelines." Central Valley Regional Water Quality 
Control Board, Mercury TMDL and BPA Amendment. Stockton, CA. 2009. Lecture. 

Ringelberg, Erik. "Hitch Ecology and Adaptive Management." Hinthil Environmental Resource Consortium. 
Middletown, CA. 2009. Lecture. 

Ringelberg, Erik. "Riparian Management, Cache and Putah Creeks." Restoring habitats Conference, 
Cache Creek Conservancy. Woodland, CA. 2009. Lecture. 

 
Additional Technical Training 
Special Status Amphibians and Reptiles of Northern California, University of California. 2008. 



Erik Ringelberg – Ecological Services Group Manager 

Vernal Pool Workshop, California Native Grasslands Association. 2007. 
California Anostracan and Notostracan Identification Class and Practical Exam, Belk. 2006. 
UCSB Vernal Pool Workshop, Society for Ecological Restoration. 2006. 
Guidance for Characterization, Design Construction and Monitoring of Mitigation Wetlands. USEPA 
Interstate Technology and Regulatory Council, 2006. 
 
Professional Organizations 
California Invasive Plant Council, California Native Grasslands Association, California Society for 
Ecological Restoration, Society of Wetland Scientists, Native American Fish and Wildlife Society 
 



QUALIFICATIONS

Education:

B.S. Environmental Policy
Analysis and Planning and
minor in Managerial
Economics, University of
California, Davis 2013

Experience:

BSK Associates
October 2013-Present

Yolo County Transportation
District
2013

Kevin Grove – Staff Scientist
Professional Background:

Mr. Grove began his career as a Transportation Planning Intern with Yolo County
Transportation District in 2013.  During this internship, Mr. Grove managed the
Thanksgiving Shuttle marketing program. He also assisted with significant route and
schedule changes for YCTD’s local transit agency, Yolobus.

Mr. Grove has assisted with site investigations including biological monitoring, data
collection, soil sampling, remote camera operation and field mapping.  Additionally, he
has interpreted aerial photographs, prepared GIS Figures, conducted 1600 Permit
Vegetation Inventory Surveys, Breeding Bird Surveys, Ordinary High Water Mark
Surveys, and Wetland Delineation Surveys. He supports the preparation of California
Environmental Quality Act documentation, including Environmental Impact Reports,
Initial Studies and Mitigated Negative Declarations for proposed projects.  His work
includes conducting special studies, section writing reference development, and
quality assurance.

Example of Relevant Project Experience:

Field Work
Putah Creek Restoration Projects, Yolo and Solano County, California

Mr. Grove conducted 1600 Permit Vegetation Inventory Surveys, mapped various
species of trees using GPS locations, tree diameters, and aerial photograph
interpretations. Mr. Grove also conducted Ordinary High Water Mark and Wetland
Delineation surveys using centimeter accuracy GPS equipment.

Kilgore Property – Proposed Entertainment Center, EPA Brownfields Phase II
ESA, City of Rancho Cordova

Using GIS, Mr. Grove created all site maps and figures for the project area.  He
worked with Erik Ringelberg, Ecological Services Group Manager, to complete an
ecological screening to determine the potential presence of endangered species on
site.  He also conducted inventory, documentation, and graphical representation of all
soil samples from the project.  Mr. Grove assisted with the writing of the Quality
Assurance Project Plan (QAPP).

Pleasants Dixon Main Drain/V-Drain Enlargement Project – Burrowing Owl
Protocol Survey, Dixon, CA
Mr. Grove assisted Erik Ringelberg, Ecological Services Group Manager, with a
burrowing owl survey to determine the potential presence of burrowing owls on the
project site.

Pleasants Creek Bank Stabilization Project – Breeding Bird Survey, Vacaville,
CA

Mr. Grove assisted Mr. Ringelberg, with a breeding bird survey to determine the
potential presence of breeding birds on the project site.



Special Studies Modeling

Air Modeling and Reporting
· CalEEMod
· Caline4
· CT-EMFAC 5

Grapevine Shopping Center Project, Kern County, California
Mr. Grove performed air quality modeling to determine air emissions during construction and operation of
the proposed project. Implemented mitigation measures to reduce emissions from the project.

Proposed Newcastle Fire Station Phase I and CalEEMOD Air Modeling, Placer County, California
Mr. Grove performed air quality modeling to determine air emissions during construction and operation of
the proposed project.

Noise Modeling
· Federal Highway Administrations (FHWA) Traffic Noise Model TNM 2.5
· FHWA Roadway Construction Noise Model RCNM

Grapevine Shopping Center Project, Kern County, California

Mr. Grove conducted noise modeling to determine noise levels from the construction and operation of the
proposed project.  Implemented mitigation measures to reduce noise levels from the project.

Stormwater Pollution Prevention Plans (SWPPP)
Mr. Grove aided QSDs with the preparation and implementation of multiple SWPPP reports.  He is trained
for on-site water sampling for pH and turbidity, BMP inspection, and monitoring.  He also has experience
with the SMARTS online permitting process for Risk Levels 1, 2 and “exempt” projects.

Environmental Impact Report Preparation
Grapevine Shopping Center Project, Kern County, California
Mr. Grove performed noise and air quality modeling for preparation of an Environmental Impact Report for
the construction of an approximately 45-acre shopping center.  Developed mitigation measures to reduce air
emissions and noise levels from the project.

Phase I and Phase II Environmental Site Assessments
10th and R Street Phase I, Sacramento, CA

In the Phase I work of the 10th and R Street project, Mr. Grove created site maps and figures using GIS.
These maps identified potential hazardous materials, underground storage tanks, existing plumping, and
on-site observations.

McClish Property Phase II, Yolo County, California

In the Phase II work of the McClish Property Project, he created site maps and figures for the project area
using GIS.  These maps included monitoring well locations and ground water flow direction.

Professional Organizations
American Public Works Association
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TO: State Board Members
Regional Board Executive Officers

FROM: Craig M. Wilson
Chief Counsel
OFFICE OF CHIEF COUNSEL

DATE: January 25, 2001

SUBJECT: EFFECT OF SWANCC V. UNITED STATES ON THE 401 CERTIFICATION
PROGRAM

This memorandum has been prepared to explain the effect of the recent US Supreme Court
decision of Solid Waste Association of Northern Cook Counties v. United States Corps of
Engineers (hereinafter “SWANCC”), which was issued on January 9th.  The memo is intended to
address the impact of the decision on the 401 program (33 U.S.C. § 1341), and to indicate
alternative regulatory avenues available to the Regional Boards for waters that are no longer
covered by section 404/401 jurisdiction.

I. Facts of the SWANCC decision and holding

SWANCC is a consortium of suburban Chicago cities and villages looking to develop a solid
waste disposal site. It located a 533-acre parcel that was a gravel-mining pit until about 1960.
The pit has reverted into a successional stage forest with seasonal and permanent ponds, but it
was not a delineated wetland.  SWANCC purchased the site and applied for a § 404 permit.  In
furtherance thereof, it sought certification from the state of Illinois.  

The Clean Water Act (CWA) only regulates what it refers to as “navigable waters.”  The CWA
defines navigable waters as “waters of the United States.”  In the past, the agencies responsible
for implementing the Clean Water Act interpreted the term “waters of the United States”
broadly.  They determined that it reflected Congress’ intention to regulate all waters that the
Congress could constitutionally regulate under its commerce power. (See Art. I, Section 8 of the
U.S. Constitution, generally known as the Commerce Clause.)  Specifically, if the water had any
possible connection to interstate commerce, it fell within the scope of the CWA.  Since 1986 the
Army Corps of Engineers’ (COE) regulations reflected this determination. They stated that
“waters of the United States” includes, among other things, intrastate waters:



State Board Members - 2 - January 25, 2001

California Environmental Protection Agency
  Recycled Paper

(a) That are or would be used as habitat by birds protected by migratory bird
treaties; or

(b) That are or would be used as habitat by other migratory birds that cross state
lines; or

(c) That are or would be used as habitat for endangered species; or 
(d) That are or would be used to irrigate crops sold in interstate commerce.

This has been dubbed “The Migratory Bird Rule.” 

Although the SWANCC site was not a “wetland” according to the COE’s wetland delineation
manual, the COE found that approximately 121 bird species dependent on aquatic environments
were observed at the site, and thus found the site to be a water of the United States.  Accordingly
the COE asserted jurisdiction over the site.  The state of Illinois granted 401 certification, but the
COE denied the 404 permit on traditional grounds.1 

SWANCC sued to challenge the COE’s jurisdiction over the site, claiming that the COE could
not regulate non-navigable, isolated, intrastate waters based on the presence of migratory birds,
and that Congress lacked authority under the Commerce Clause to grant the COE such
jurisdiction in any event. Although the COE prevailed in the trial and appellate courts, the US
Supreme Court reversed, and invalidated the Migratory Bird Rule.  It held that the rule is not a
fairly supported interpretation of the term “waters of the United States,” and the COE exceeded
its jurisdiction by interpreting the CWA’s reach to include isolated, inland, non-navigable
waters.  The Court held or implied that the CWA might fairly extend to:  

“(a) [t]hose waters of the United States which are subject to the ebb and flow of
the tide, and/or are presently, or have been in the past, or may be in the
future susceptible for use for purposes of interstate or foreign commerce;

“(b) waters that were or had been navigable in fact or which could reasonably be
so made; 

“(c) non-navigable wetlands adjacent to open waters;
“(d) wetlands [that are] ‘inseparably bound up with the waters of the United

States; and
“(e) water bodies [capable] of use by the public for purposes of transportation or

commerce.”

                                                
1  The COE found (1) that SWANCC had not established that the proposal was the least harmful practicable
alternative; (2) that SWANCC’s failure to set aside funds for leak remediation was unacceptable risk to public
drinking water supplies; and (3) that the impact to the waters was unmitigable because a landfill cannot be
redeveloped into forested habitat.
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The Supreme Court questioned the constitutionality of any amendment to the CWA, if Congress
was so inclined, that would purport to assert federal jurisdiction over isolated, inland waters.  In
other words, if Congress tried to adopt the “migratory bird rule,” a majority of the Court
indicated its belief that it would exceed the power granted to Congress under the U.S.
Constitution.

II. SWANCC’s effect upon the 401 certification program will not be wholly determined
until the COE issues guidance implementing the decision.

California’s right and duty to evaluate certification requests under section 401 is pendant to (or
dependent upon) a valid application for a section 404 permit from the COE, or another
application for a federal license or permit. Thus if the Corps determines that the water body in
question is not subject to regulation under the COE’s 404 program, for instance, no application
for 401 certification will be required.  Accordingly, the COE’s interpretation of the SWANCC
decision will determine SWANCC’s impact upon a major portion of California’s 401 program.
The COE has yet to issue guidance setting forth how the SWANCC decision will be
implemented.  Clearly, however, the Migratory Bird Rule will not determine the scope of the
COE’s authority over isolated waters.  Isolated non-navigable waters (including most non-tidal
wetlands) appear to be outside the purview of section 404 of the Clean Water Act.  

III. The SWANCC decision does not affect the Porter-Cologne authorities to regulate
discharges to isolated, non-navigable waters of the state.

If anything definitive can be said about the SWANCC decision, it is that the Supreme Court
believes regulating inland waters, including isolated wetlands, vernal pools, etc., are the primary
(and probably now the exclusive) province of the state.  California has numerous authorities that
require these waters to be protected.  None of those state authorities are affected by the
U.S. Supreme Court’s decision.  Accordingly, the SWANCC decision has no impact upon the
Regional Board’s authority to act under state law. Some major relevant provisions are set forth
below.

Water Code section 13260 requires “any person discharging waste, or proposing to discharge
waste, within any region that could affect the waters of the state to file a report of discharge (an
application for waste discharge requirements).” (Water Code § 13260(a)(1) (emphasis added).)
The term “waters of the state” is defined as “any surface water or groundwater, including saline
waters, within the boundaries of the state.”  (Water Code § 13050(e).)  The U.S. Supreme
Court’s ruling in SWANCC has no bearing on the Porter-Cologne definition.  While all waters of
the United States that are within the borders of California are also waters of the state, the
converse is not true—waters of the United States is a subset of waters of the state.  Thus, since
Porter-Cologne was enacted California always had and retains authority to regulate discharges of
waste into any waters of the state, regardless of whether the COE has concurrent jurisdiction
under section 404.  The fact that often Regional Boards opted to regulate discharges to, e.g.,
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vernal pools, through the 401 program in lieu of or in addition to issuing waste discharge
requirements (or waivers thereof) does not preclude the regions from issuing WDRs (or waivers
of WDRs) in the absence of a request for 401 certification.

Under state law, the duty to file a report of waste discharge is mandatory:  

All of the following persons shall file with the appropriate regional board a report
of the discharge. (Water Code § 13260(a).)

Furthermore, the Regional Board is required to issue or waive WDRs whenever it receives a
report of discharge:

The regional board, after any necessary hearing, shall prescribe requirements as to
the nature of any proposed discharge, existing discharge, or material change in an
existing discharge… with relation to the conditions existing in the disposal area or
receiving waters upon, or into which the discharge is made or proposed.  The
requirements shall implement any relevant water quality control plans that have
been adopted, and shall take into consideration the beneficial uses to be protected,
the water quality objectives reasonably required for that purpose [etc.]
(Water Code § 13263(a).)

Notably, every person is precluded from initiating new discharges or making material changes to
discharges prior to filing the report of waste discharge described in section 13260, and for 120
days thereafter unless they have received WDRs (or appropriate waivers). (Water Code §
13264(a).)  Given the state’s interest in protecting wetlands, it is incumbent upon staff to act
within the 120 days.  A fill thereafter may be lawful.  If, however, it appears that the Regional
Board is unable to meet and consider WDRs (or a waiver thereof) within the statutory time
allotted, the Regional Board could issue a cleanup and abatement order under section 13304
against anyone who, through a discharge to waters of the state, has created or threatens to create
a condition of pollution.  “Pollution” is defined as an alteration of the quality of the waters of the
state, which unreasonably affects its beneficial uses.  (Water Code § 13050(l).)  Wildlife is a
beneficial use, and thus filling or threatening to fill wetlands would provide grounds to issue an
appropriate order under 13304.

The California Environmental Quality Act (CEQA) also provides a requirement for the Regional
Boards to exercise their authorities to require minimization and mitigation of impacts to waters
of the state.  Whenever a Regional Board is a responsible agency under CEQA, and the Lead
Agency has prepared an EIR, the Regional Board must not only review the CEQA document, but
it must reach its own conclusions on whether and how to approve the project involved.
(14 CCR § 15096(a).)  Moreover, the Regional Board must mitigate or avoid the direct or
indirect environmental effects of the parts of the project it approves, and it is prohibited from
approving a project if there is a feasible alternative or feasible mitigation measures that would
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lessen or avoid significant impacts. (14 CCR § 15096(g)(1) and (g)(2).) Furthermore, as a
responsible agency the Regional Board must make specific findings relating to the feasibility of
avoidance, minimization, or mitigation of the adverse effects.  (14 CCR §§ 15096(h), 15091,
15093.)  Feasible changes or alterations within the control of the Regional Board must be
articulated in the WDRs.
 
Notably, since 1993 and continuing through the present, the official policy of the United States
and the State of California respecting wetlands has and continues to be one of “no net loss.”
Accordingly, the charge to protect the state’s wetlands has already been articulated.  In areas
where the COE determines it no longer has jurisdiction, it would be consistent with present
federal and state policy for the Regional Boards to fill the gap.  This may require contacting the
applicable COE divisions for assistance in identifying pending 404 permit applications, or
conducting outreach to the local development interests to remind them that, irrespective of the
COE’s authority or the 404 program, they still must comply with applicable state requirements
for discharges.

IV. Conclusion

While the SWANCC decision will no doubt have repercussions for the state’s 401 certification
program, the reach of the decision will not be clear until the COE issues guidance indicating how
it intends to implement the holding.  The 404 program may be dramatically scaled back or the
COE could read the decision narrowly, as merely invalidating the Migratory Bird Rule.
Irrespective, the state retains its independent authority under Porter-Cologne and other statutes,
to regulate discharges of waste to all waters of the state, including those waters that are no longer
considered waters of the United States.  The thrust of the SWANCC decision is that regulation of
inland, isolated waters is and should be under the primary authority of the state rather than the
federal government.  Given the state and federal “no net loss” of wetlands policy, the Regional
Board’s should consider that regulating any discharges of waste to waters that may no longer be
subject to COE jurisdiction is both authorized and justified.

If you have any questions about this memo, please contact Michael Levy, Staff Counsel at
(916) 341-5193.

cc: Edward C. Anton, EXEC
Stan Martinson, DWQ
RWQCB Attorneys, OCC
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STATE WATER RESOURCES CONTROL BOARD 

WATER QUALITY ORDER NO. 2004-0004-DWQ 
 

STATEWIDE GENERAL WASTE DISCHARGE REQUIREMENTS 
FOR DREDGED OR FILL DISCHARGES TO WATERS DEEMED BY THE  

U.S. ARMY CORPS OF ENGINEERS TO BE OUTSIDE OF  
FEDERAL JURISDICTION (GENERAL WDRs) 

 
 
I. FINDINGS 
 
The State Water Resources Control Board (SWRCB) finds that: 
 
Reasons for issuing these General WDRs 

1. Section 13260(a) of the California Water Code (Water Code) requires that any person 
discharging waste or proposing to discharge waste within any region, other than to a 
community sewer system, which could affect the quality of the waters of the State1, file a report 
of waste discharge (ROWD).  The discharge of dredged or fill material may constitute a 
discharge of waste that could affect the quality of waters of the State. 

 
2. California has largely relied upon its authority under section 401 of the federal Clean Water 

Act (CWA) (33 U.S.C. § 1341) to regulate discharges of dredged or fill material to California 
waters.  That section requires an applicant to obtain “water quality certification” from 
California that the project will comply with State water quality standards before certain 
federal licenses or permits may be issued.  The permits subject to section 401 include permits 
for the discharge of dredged or fill materials (CWA section 404 permits) issued by the U.S. 
Army Corps of Engineers (ACOE).   

 
3. Given the regulatory process employed under section 401, waste discharge requirements 

under the Porter-Cologne Water Quality Control Act were typically waived for projects that 
required certification.  Regional Water Quality Control Board (RWQCB) waivers also 
applied to discharges outside of ACOE jurisdiction.  However, these waivers expired as of 
January 1, 2003 pursuant to the requirements of SB 390.  These General WDRs regulate 
some of the activities for which WDRs were previously waived. 

 
4. The certification process under section 401 only applies to those waters that are subject to the 

reach of the CWA.  The CWA applies to “navigable waters,” which are defined in the CWA as 
“waters of the United States.”  The term “waters of the United States” is defined expansively in 
33 Code of Federal Regulations (CFR), part 328.  In 2001, the U.S. Supreme Court issued a 
decision in Solid Waste Agency of Northern Cook County v. U.S. Army Corps of Engineers, 
531 U.S. 159 (2001) (“SWANCC”), which held that certain “isolated” waters are not subject to  
CWA jurisdiction merely because they are frequented by migratory birds that cross state lines.  
The full implications of SWANCC are yet to be determined in the federal courts, but as a result 

                                                           
1 “Waters of the State” as defined in  Water Code section 13050(e). 
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of the decision, many projects that previously would have required a section 404 permit now no 
longer need one.  From January 1, 2001 to December 31, 2003, the ACOE disclaimed 
jurisdiction over 160 water bodies comprising 449 acres of waters of the state, including 251 
acres of wetlands, 121 acres of riparian area, and 77 acres of other waters (these figures are 
under-reported because 24 percent of the jurisdictional disclaimers did not specify the sizes of 
the disclaimed waterbodies).  The prospect of issuing waste discharge requirements for each of 
the now non-federal waters, especially in a time of budgetary contraction, is daunting.  Many of 
the projects that were traditionally subject to certification requirements involved small 
discharges with few or no permanent impacts.  It is the intent of these General WDRs to 
regulate a subset of the discharges that have been determined not to fall within federal 
jurisdiction, particularly those projects involving impacts to small acreage or linear feet and 
those involving a small volume of dredged material. 

 
5. Wetlands, riparian areas, and headwaters are shallow waters of the state, which are by their 

nature affected most often and severely by filling and excavation.  Regulatory attention to 
these water bodies is necessitated by the State "No Net Loss" Policy for wetlands (Executive 
Order W-59-93); the high habitat value of these waters; the basin-wide value of these waters 
for pollutant removal, floodwater retention, channel stability, and habitat connectivity; the 
high number of special-status species associated with these waters and their associated 
habitats; the high percentage of historic losses of these waters in California; the vulnerability 
of these waters to future impacts from projected population growth and land development; 
and the high level of public interest in these waters. 

 
6. Water Code section 13263(a) requires that waste discharge requirements (WDRs) be 

prescribed as to the nature of any proposed discharge, existing discharge, or material change 
in an existing discharge.  Such WDRs must implement any relevant water quality control 
plans, taking into consideration beneficial uses to be protected, the water quality objectives 
reasonably required for those purposes, other waste discharges, the need to prevent nuisance, 
and the provisions of section 13241 of the Water Code. 

 
7. Water Code section 13263(i) authorizes the SWRCB to prescribe general WDRs for a 

category of discharges if the discharges are produced by the same or similar operations; the 
discharges involve the same or similar types of waste; the discharges require the same or 
similar treatment standards; and the discharges are more appropriately regulated under 
general discharge requirements than individual discharge requirements. 

 
8. The discharges authorized by these General WDRs meet the criteria for general WDRs set 

forth in Water Code section 13263(i) because they are all produced by dredging  or filling 
operations; they all involve the discharge of earth, rock, or similar solid materials; they are 
all limited in size per the terms of the WDRs; they all require similar mitigation techniques to 
avoid, minimize, and/or compensate for their adverse impacts; and they are all relatively 
small surface water bodies or water body segments that have been deemed by ACOE to be 
“isolated,” do not meet the federal wetland criteria, or are above the “line of ordinary high 
water” limit of federal jurisdiction.  They are appropriately regulated under General WDRs 
because of their similar nature, large numbers, and amenability to being regulated through 
the use of similar discharge restrictions, as specified in these General WDRs.  Regulation of 
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such discharges by these General WDRs will allow the SWRCB and RWQCBs to direct 
limited staff time to larger, more complex, and potentially more damaging discharges to 
waters deemed to be outside of federal jurisdiction. 

 

Eligibility Criteria 

9. These General WDRs are restricted to dredged  or fill discharges of not more than two-tenths 
(0.2) of an acre and 400 linear feet for fill and excavation discharges, and of not more than 
50 cubic yards for dredging discharges.  Projects that may be covered under these 
General WDRs include land development, detention basins, disposal of dredged material, bank 
stabilization, revetment, channelization, and other similar projects.  These size maximums help 
limit the potential environmental impact of the discharges and make them amenable to similar 
discharge restrictions, while permitting about half of the projects discharging to non-federal 
waters, as projected from historical data on discharge sizes.  The size and volume restrictions 
are appropriate because larger projects involve a significantly greater risk to the environment 
and are more appropriately regulated by individual WDRs.   

Absent a potential effect on the quality of waters of the state, no notification is required under 
these General WDRs.2  The “quality of waters” refers to chemical, physical, biological, 
bacteriological, radiological, and other properties and characteristics of water which affects its 
use.3  Because of the variability, complexity, and interactions of the factors affecting the quality 
of waters, it is not possible to provide advice on the kind, size, location, or duration of 
discharges that can affect water quality under all circumstances.  Generally, discharges of 
dredged, fill, or excavated material to a wetland, or to the active channel or bed of a waterbody 
will require regulation.  Discharges to a riparian area or to an area in proximity to a waterbody 
can affect the quality of the water if they directly or indirectly result in a discharge to the water 
(e.g., via stormwater flows, during flood events, or by generating pollutants or increased 
runoff); are associated with a change in the nature of vegetation that could affect water quality 
(e.g., by affecting pollutant removal, stream shading, or bank stability); or change the 
hydrologic or geomorphologic characteristics of the waterbody during some flow condition. 

These General WDRs do not set a lower size limit below which a Notice of Intent is not 
required.  Neither the Porter-Cologne Water Quality Control Act nor the federal CWA establish 
a lower size threshold for permitting.  If a lower threshold were established in these General 
WDRs, discharges below that threshold would be subject to regulation under individual WDRs 
or an individual waiver of WDRs, thus defeating the purpose of these General WDRs.  
Moreover, size is not the sole factor dictating the value of a wetland or other water.  Small, 
strategically placed waters, or segments of waters, can play important roles in supporting local 
habitat, habitat connectivity, pollutant removal, floodwater attenuation, and other beneficial 
uses.  In addition, without a reporting requirement, there would be no way for the State to 
ensure that multiple small discharges will not have significant cumulative effects.  

 
10. Discharges of fill can directly or indirectly destabilize the channel or bed of a receiving water 

by changing geomorphic parameters, including hydrologic characteristics, sediment 
characteristics, or stream grade.  Such destabilization diminishes the ability of the water body 

                                                           
2 Water Code section 13260 
3 Water Code section 13050(g) 
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to support designated beneficial uses.  Quantification and mitigation of such impacts may 
require detailed project-specific analyses.  Therefore, these General WDRs do not authorize 
discharges that could destabilize the channel or bed of a receiving water. 

 
11. In urbanizing basins or other situations, a large number of relatively small projects 

potentially eligible for these General WDRs, in their aggregate, may adversely impair the 
ability of the water body to support beneficial uses.  Quantification and mitigation of such 
impacts may require basin-wide analyses.  Therefore, these General WDRs do not authorize 
discharges that, when considered in conjunction with other potential discharges, could cause 
a significant cumulative effect on water quality or beneficial uses. 

 
12. To the extent they are determined to fall within federal jurisdiction, it is likely that the 

SWRCB and RWQCBs will continue to regulate dredged or fill discharges primarily through 
their authority under section 401 of the CWA.  Therefore, these General WDRs do not apply 
to discharges to federal waters that are subject to sections 401 and 404 of the CWA.  These 
General WDRs likewise do not apply to discharges regulated under a section 402 storm 
water permit. 

 
13. Discharges which could have a significant impact on rare, candidate, threatened, or 

endangered species require detailed project-specific analysis and individual regulation.  Such 
discharges are therefore not authorized by these General WDRs. 

 
14. Although a discharge may be eligible for coverage under these General WDRs, the RWQCB 

may elect to regulate the discharge under other WDRs or waivers thereof. 
 
15. Discharges that would be exempt pursuant to section 404(f) of the CWA are waived from these 

WDRs.  This waiver shall not affect a RWQCB’s authority  to issue individual WDRs or 
waivers for such discharges if it deems it appropriate. 

 

Mitigation Plan 

16. SWRCB Resolution No. 68-16, “Statement Of Policy With Respect To Maintaining High 
Quality Of Waters In California” (“Antidegradation Policy”), states that discharges to 
existing high quality waters will be required to meet WDRs which will result in the best 
practicable treatment or control of the discharge necessary to assure that (a) a pollution or 
nuisance will not occur, and (b) the highest water quality consistent with maximum benefit to 
the people of the State will be maintained. 

 

17. Executive Order W-59-93, dated August 23, 1993, establishes a California Wetlands 
Conservation Policy including an objective to ensure no overall net loss of and a long term 
net gain in the quantity, quality, and permanence of wetland acreage and value in California 
(“No Net Loss Policy”). 

 

18. Filling wetlands, riparian areas, headwaters, and other waters causes partial or complete loss 
of the beneficial uses provided by those waters.  To reconcile such losses with the “No Net 
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Loss” requirements of Executive Order W-59-93 and the “Antidegradation” requirements of 
SWRCB Resolution No. 68-16, these General WDRs require mitigation plans to ensure that 
impacts are mitigated through avoidance and minimization and that unavoidable loss of 
beneficial uses is offset with appropriate compensatory mitigation, including creation, 
restoration, or (in exceptional cases) preservation of other waters of the state.  These 
mitigation requirements are consistent with those adopted by the U.S. Environmental 
Protection Agency and the ACOE for regulation of dredged or fill discharges to federal 
waters under CWA section 404. 

 

19. To comply with the objective of the State “No Net Loss Policy” to ensure the quantity, 
quality, and permanence of wetland acreage and values in California, and with the 
“Antidegradation” requirements of SWRCB Resolution No. 68-16, these General WDRs 
require that compensatory mitigation areas for permanent impacts be subject to a deed 
restriction or other legal instrument that ensures preservation of the mitigation in perpetuity.  
These General WDRs do not generally require compensatory mitigation for temporary 
impacts, because the SWRCB does not anticipate that projects eligible under this order 
would ordinarily create temporary impacts of a size, severity, and/or duration that would 
have a significant adverse impact on beneficial uses.  The decision in this order to generally 
require compensatory mitigation only for permanent impacts is not meant to be a precedent 
for any other SWRCB or RWQCB order. 

 
20. Consistent and equitable application of these General WDRs is in the interest of 

environmental protection and the applicants.  These General WDRs therefore provide 
guidance to SWRCB and RWQCB staffs regarding factors to evaluate in considering the 
eligibility of these General WDRs and in evaluating mitigation plans. 

 

Basin Plans 

21. All WDRs must implement the RWQCB Water Quality Control Plan (Basin Plan) for the 
region affected by the discharge.  These General WDRs require dischargers to comply with 
all applicable Basin Plan provisions, including maintaining the protection of beneficial uses 
and complying with any prohibitions and water quality objectives governing the discharge. 

 

Beneficial Uses 

22. Beneficial uses are the most fundamental of the State’s water quality standards.  RWQCBs 
designate appropriate beneficial uses for waters in their regions’ Basin Plans.  The beneficial 
uses for the waters of the State include, but are not limited to, domestic supply, municipal 
supply, agricultural and industrial supply, power generation, recreation, aesthetic enjoyment, 
navigation, and preservation and enhancement of fish, wildlife, and other aquatic resources 
or preserves. 

 
Fees 

23. Water Code section 13260(d)(1) requires that each person for whom WDRs have been 
prescribed pursuant to section 13263 shall submit an annual fee according to a reasonable fee 
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schedule established by the SWRCB.  The schedule of fees for discharges of dredged or fill 
material is published at California Code of Regulations (CCR) 23 section 2200(a)(2).  For 
activities covered by these General WDRs, the SWRCB anticipates that most of the discharges 
will be one-time and of short duration.  Therefore, only a one-time fee usually will be charged. 

 

California Environmental Quality Act (CEQA) 

24. CEQA requires a government agency to comply with certain procedures when it approves or 
proposes to carry out an activity.  (Cal. Code Regs., tit. 14, § 15002(e))  

 
25. Private actions are subject to CEQA if they involve governmental participation, financing, or 

approval.  (Cal. Code Regs., tit. 14, § 15002(c)) 
  
26. A Mitigated Negative Declaration in compliance with CEQA has been adopted for these 

General WDRs. 
 
27. Potential dischargers and all other known interested parties have been notified of the intent to 

adopt these General WDRs. 
 
28. All comments pertaining to the proposed discharges have been heard and considered in a public 

meeting. 
 
 
II. ORDER 
 
 
A. ELIGIBILITY 
 
IT IS HEREBY ORDERED that only discharges that meet the following criteria shall be 
enrolled under these General WDRs: 
 
1. The discharge shall not be subject to section 404 of the CWA or section 10 of the federal 

Rivers and Harbors Act.  These General WDRs likewise do not apply to discharges regulated 
under a section 402 storm water permit. 

 
2. The discharge shall be dredged or fill materials. 

 
3. The discharge shall meet the following size criteria: 
 

a. Excavation4 and fill activities must not excavate or fill an area greater than two-tenths 
(0.2) of an acre of waters of the state, and 

                                                           
4  “Excavation refers to moving sediment or soil in shallow waters or under no-flow conditions where impacts to 

beneficial uses are best described by the area of discharge.  It typically is done for purposes other than 
navigation. Examples include trenching for utility lines, other earthwork preliminary to construction, removing 
sediment to increase channel capacity, and aggregate mining in fresh water.”  (Cal. Code Regs., tit. 23, § 
2200(a)(2).) 
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b. Linear excavation and fill activities affecting drainage features and shorelines (e.g., 

bank stabilization, revetment, and channelization projects), must not excavate or fill 
more than 400 linear feet of waters of the state, measured parallel to the streambank or 
shoreline, and 

 
c. Dredging5 activities must dredge not more than 50 cubic yards within waters of the 

state. 
 

d. These size criteria apply to discharges, which could either permanently or temporarily 
affect the quality of waters of the state6. 

 
e. These size criteria apply to complete projects and shall not be used to authorize 

“piecemealing” of larger discharges.  In regulating recurring discharges, e.g., routine 
maintenance of sedimentation basins, forebays, or similar waters, these criteria shall be 
applied for each discharge episode. 

 
4. For purposes of defining the size criteria specified in this section, determining fees as 

required by section II.B.3, and evaluating mitigation proposals as required by section II.B.4 
of these General WDRs, the lateral extent of waters of the state shall be determined by the 
most expansive of the following: 

a. The federal criteria current on the date of adoption of these General WDRs7, 

b. Headwaters, defined as intermittent and ephemeral drainages. 

 
5. The discharge shall not directly or indirectly destabilize a channel or bed of a receiving 

water.  In determining whether a discharge meets this criterion, the RWQCB Executive 
Officer8 will consider potential project-induced changes to: 

 

                                                           
5  “Dredging” refers to removing sediment in deeper water to increase the depth.  Impacts to beneficial uses are 

best described by the volume of the discharge.  It typically occurs to facilitate navigation and for aggregate 
extraction in marine waters. 

6 Fill or dredged discharges can permanently affect the quality of waters of the state when the discharged material 
will be in place indefinitely and/or by its nature precludes a reasonable assurance that beneficial uses will be 
fully reestablished.  Examples include filling of wetlands or other waters, streambank hardening, channelization, 
construction of bridge piers and abutments, and ongoing vegetation removal and channel maintenance.  Fill or 
dredged discharges can temporarily affect the quality of waters of the state when the discharged material will be 
in place for a limited time and/or there is a reasonable assurance that beneficial uses will be fully reestablished 
once the discharge ceases.  Examples include temporary fills, excavation for temporary access roads, and one-
time vegetation removal or excavation of sediment.  Mitigation measures or management practices may be 
needed to assure that impacts are “temporary” (e.g., reestablishment of natural grade, revegetation, 
reestablishment of soil permeability to allow vegetative growth, compaction of backfill to assure that utility 
trenches do not dewater wetlands). 

7 33 CFR 328.3(b)-(e), 33 CFR 328.4, 40 CFR 230.41. 
8  For multi-region projects, the SWRCB Executive Director.  The terms Executive Officer or Executive Director 

as used herein include any designees. 



  

-8- 

a. Quantity, velocity, timing, and direction of flow; 
b. Sediment characteristics;  
c. Stream grade; and 
d. Other relevant project-induced changes.  

 
6. The discharge shall not cause in combination with other discharges a significant cumulative 

effect on water quality or beneficial uses of the waters of the State including, but not limited 
to, wetlands and headwaters. 

 
7. The discharge shall not adversely impact, either directly or through habitat modification, any 

plants or animals identified as candidate, sensitive, or special status species in local or 
regional plans, policies or regulations; or by the California Department of Fish and Game 
(DFG), the U.S. Fish and Wildlife Service (USFWS), or the National Marine Fisheries 
Service (NMFS).  The project shall not , substantially reduce the habitat of fish or wildlife 
species, cause a fish or wildlife population to drop below self-sustaining levels, threaten to 
eliminate a plant or animal community, or reduce the number of or restrict the range of an 
endangered, rare or threatened species. 

 
8. The discharge shall not significantly conflict with any adopted and approved USFWS Habitat 

Conservation Plan (HCP) or DFG Natural Community Conservation Plan (NCCP). 
 
9. The discharge shall not adversely impact a significant historical or archeological resource, 

shall not directly or indirectly destroy a unique paleontological resource or site or unique 
geologic feature, shall not disturb any human remains, and shall not eliminate important 
examples of the major periods of California history or prehistory. 

 
10. The discharge shall not cause conflict with existing zoning for agricultural use or a 

Williamson Act contract. 
 

11. The discharge, as mitigated, shall not cause significant adverse environmental impacts. 
 
12. Discharges that would be exempt pursuant to section 404(f) of the CWA are waived from these 

WDRs.  This waiver shall not affect a RWQCB’s authority  to issue individual WDRs or 
waivers for such discharges if it deems it appropriate. 

 
B. APPLICATION REQUIREMENTS 
 
IT IS FURTHER ORDERED that dischargers seeking enrollment under these General WDRs 
shall submit the following to the appropriate RWQCB Executive Officer or, in the case of multi-
Region projects, to the SWRCB Water Quality Certification Program Manager at least 45 days 
prior to any discharge: 
 
1. A Notice of Intent (NOI) to be enrolled under and to comply with these General WDRs.  
 
2. Any CEQA documents that have been prepared for the project. 
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3. A fee pursuant to Title 23, section 2200 of the CCR. 
 
4. A Mitigation Plan:  
 

The Mitigation Plan shall demonstrate that the discharger will sequentially avoid, minimize, 
and compensate for the adverse impacts to the affected water bodies’ beneficial uses (as 
defined in the applicable Basin Plan).  The Mitigation Plan shall address the following: 

 
a. Avoidance:  No discharge shall be permitted if there is a practicable alternative9 to the 

proposed discharge, which would have less adverse impact to the aquatic ecosystem, as 
long as the alternative does not have other significant adverse environmental 
consequences.  

 
b. Minimization:  Unavoidable temporary impacts shall be mitigated by restoring water 

bodies and vegetation to pre-discharge conditions as quickly as practicable and by taking 
other practicable measures to reduce the severity and duration of such impacts. 

 
c. Compensatory mitigation:  Discharges resulting in unavoidable permanent impacts to 

wetlands or headwaters shall ensure “no net loss” of area (acreage), functions, and 
beneficial use values by providing appropriate compensatory mitigation including creation, 
restoration, or (in exceptional cases) preservation.  The RWQCB Executive 
Officer/SWRCB Executive Director will consider, at a minimum, the following when 
reviewing the adequacy of compensatory mitigation: 

(1) Onsite habitat value 
(2) Habitat connectivity value 
(3) Floodwater retention value 
(4) Pollutant removal value 
(5) Ratio of area of proposed compensation to proposed loss 
(6) Proposed revegetation and irrigation plans and success criteria 
(7) Availability of suitable soils, hydrology, and natural vegetation at the compensation site 
(8) Monitoring and reporting provisions 
(9) Contingency plan for failure to achieve success criteria 

(10) Any other information requested by the RWQCB or SWRCB. 
 

The Mitigation Plan shall demonstrate that all potentially adverse environmental impacts 
have been mitigated to a less than significant level.  The thoroughness of the alternatives 
analysis and the extent of the proposed mitigation shall be commensurate with the purpose of 
the discharge, the value and sensitivity of the receiving water(s), and the extent, severity, and 
duration of the effect on the quality of waters. 

 

                                                           
9 An alternative is practicable if it is available and capable of being done after taking into consideration cost, 

existing technology, and logistics in light of overall project purposes.  If it is otherwise a practicable alternative, 
an area not presently owned by the applicant which could reasonably be obtained, utilized, expanded, or managed 
in order to fulfil the basic purpose of the proposed activity may be considered (this definition is the same as 
presented in federal regulations at section 230.10(a)(2) of Title 33 of the CFR). 
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5. Any other additional information requested by the SWRCB or RWQCB to evaluate the 
proposed dredged or fill discharge. 

 
A discharge shall not be enrolled under these General WDRs unless the RWQCB Executive 
Officer or SWRCB Executive Director finds that the Mitigation Plan meets the requirements of 
this section and the discharge meets all other eligibility criteria.  The RWQCB Executive Officer 
or SWRCB Executive Director shall independently determine eligibility, including the adequacy 
of the Mitigation Plan, but may consider findings and requirements included in other agencies’ 
permits. 
 
C. DISCHARGE REQUIREMENTS 
 
IT IS FURTHER ORDERED that the discharger shall comply with the following: 

 
Prohibitions: 
 
1. The discharge of material is prohibited until the discharger has received a Notice of 

Applicability (NOA) from the RWQCB Executive Officer or the SWRCB Executive Director 
or until 45 days after submission of a complete and accurate NOI.10  If the RWQCB 
Executive Officer or the SWRCB Executive Director has not issued a Notice of Exclusion 
(NOE) within 45 days of receiving a complete and accurate NOI, the discharge may proceed.  
 

2. No discharges are authorized under these General WDRs if the discharger has received a 
NOE from the RWQCB Executive Officer or the SWRCB Executive Director.  

 
3. The discharge shall not cause pollution, contamination, or nuisance as defined in Water Code 

section 13050. 
 
4. The discharge of material in a manner other than as described in the NOI, the Findings or 

conditions of these General WDRs, or in the RWQCB Executive Officer or SWRCB 
Executive Director-approved Mitigation Plan is prohibited. 

 
5. The discharge of substances in concentrations toxic to human, plant, animal, or aquatic life or 

that produce detrimental physiological responses therein, is prohibited. 
 
6. The discharge of waste classified as “hazardous” or “designated” as defined in Title 22, 

section 66261 of the CCR, or Water Code section 13173 is prohibited. 
 
Special Provisions: 
 
7. The discharger shall discharge in a manner that is consistent with the information provided in 

the NOI. 
 

                                                           
10 The RWQCB Executive Officer or the SWRCB Executive Director, within 30 days from submittal of the NOI, may find a 

submittal to be incomplete or inaccurate. 
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8. The discharger shall comply with the eligibility criteria for these General WDRs. 
 

9. The discharger shall implement the approved Mitigation Plan. 
 

10. Requested amendments to the approved Mitigation Plan must be submitted in writing to the 
RWQCB Executive Officer and, for multi-region projects, to the SWRCB Water Quality 
Certification Program Manager.  The discharger may not modify operations until the 
discharger has received written notification that the RWQCB Executive Officer or SWRCB 
Executive Director has approved the amendment.  If the RWQCB Executive Officer or the 
SWRCB Executive Director does not disapprove the requested amendment within 45 days of 
receiving the written notification, the changes to the approved Mitigation Plan may be 
implemented as described in the requested amendment. 
 

11. If mitigation measures do not meet their interim or ultimate success criteria, the discharger 
shall implement remedial measures that are acceptable to the RWQCB Executive Officer or 
SWRCB Executive Director. 
 

12. All compensatory mitigation areas shall be subject to a conservation easement, deed restriction, 
or other legal instrument, which shall ensure preservation of the mitigation in perpetuity.  
Documentation of the easement, restriction, or other legal instrument shall be submitted to the 
RWQCB, or to the SWRCB for multi-region projects, before any discharge authorized by these 
General WDRs occurs. 
 

13. The discharger, if requested by the RWQCB or SWRCB, shall provide certification that 
supervisory and other responsible operations personnel have received training regarding 
these General WDRs. 
 

14. Fueling, lubrication, maintenance, operation, and storage of vehicles and equipment shall not 
result in a discharge or a threatened discharge to water bodies.  At no time shall the 
discharger use vehicles or equipment that leak any substance that might impact water quality.  
Staging and storage areas for vehicles and equipment shall be located outside of water 
bodies. 
 

15. Except in compliance with the terms of an NOA for this order, no construction material, 
spoils, debris, or other substances associated with this project, that may adversely impact 
water quality, shall be located in a manner which may result in a discharge or threatened 
discharge to water bodies. 

 
16. Upon completion of the project, the discharger shall complete a Notice of Termination 

(NOT) requesting to be un-enrolled from these General WDRs. 
 

Standard Provisions: 
 

17. A copy of these General WDRs shall be kept at the project site for reference by project 
personnel.  Personnel shall be familiar with its contents. 
 



  

-12- 

18. The discharger shall take all reasonable steps to prevent any discharge in violation of these 
General WDRs. 

 
19. The discharger shall report promptly to the RWQCB or SWRCB any proposed material change 

in the character, location, area, and/or volume of the discharge.  The discharger shall obtain 
confirmation from the RWQCB or SWRCB that such proposed modifications do not disqualify 
the discharger from coverage under these General WDRs.  Confirmation or new WDRs shall be 
obtained before any modifications are implemented.  If the RWQCB Executive Officer or the 
SWRCB Executive Director does not disapprove the proposed change within 45 days of 
receiving a written report describing the proposed change, the discharge may proceed in 
accordance with the proposed modifications. 

 
20. These General WDRs do not convey any property rights or exclusive privileges.  The 

requirements prescribed herein do not authorize the commission of any act causing injury to 
persons or property, do not protect the discharger from liability under federal, State, or local 
laws, and do not create a vested right to continue to discharge waste. 

 
21. These General WDRs do not relieve the discharger from the responsibility to obtain other 

necessary local, State, and federal permits, nor do these General WDRs prevent imposition of 
additional standards, requirements, or conditions by any other regulatory agency. 

 
22. The discharger shall allow the RWQCB or SWRCB, or an authorized representative, upon the 

presentation of credentials and other documents, as may be required by law, to do the 
following: 

 
a. Enter upon the premises where a regulated facility or activity is located or conducted, or 

where records must be kept under the conditions of these General WDRs, 

b. Have access to and copy, at reasonable times, any records that must be kept under the 
conditions of these General WDRs, 

c. Inspect at reasonable times any facilities, equipment (including monitoring and control 
equipment), practices, or operations regulated or required under these General WDRs, 
and 

d. Sample, photograph, and monitor at reasonable times, for the purpose of assuring 
compliance with these General WDRs. 

 
23. After notice and opportunity for a hearing, coverage of an individual discharge under these 

General WDRs may be terminated or modified for cause, including, but not limited to, the 
following: 

 
a. Violation of any term or condition of these General WDRs.  

b. Obtaining these General WDRs by misrepresentation or failure to disclose all relevant 
facts. 
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c. A change in any condition that requires either a temporary or permanent reduction or 
elimination of the authorized discharge. 

 
24. The filing of a request by the discharger for an order modification, revocation and reissuance, 

or termination, or a notification of planned changes or anticipated noncompliance does not stay 
any condition of these General WDRs.  

 
25. Where the discharger becomes aware that it failed to submit any relevant facts in an NOI or 

submitted incorrect information in an NOI to the RWQCB or SWRCB, it shall promptly submit 
such facts or information. 

 
26. The discharger shall furnish, within a reasonable time, any information the RWQCB or 

SWRCB may request to determine whether cause exists for modifying, revoking and reissuing, 
or terminating the discharger coverage under these General WDRs.  The discharger shall also 
furnish to the RWQCB or SWRCB, upon request, copies of records required to be kept by these 
General WDRs. 

 
27. The Water Code provides that any person failing or refusing to furnish technical or monitoring 

program reports, as required under these General WDRs, or falsifying any information 
provided in the monitoring reports, is subject to civil liability for each day in which the 
violation occurs. 

 
28. The discharger shall take all reasonable steps to minimize or correct any adverse impact on the 

environment resulting from noncompliance with these General WDRs, including such 
accelerated or additional monitoring as may be necessary to determine the nature and impact of 
the noncompliance. 

 
29. All reports, notices, or other documents required by these General WDRs or requested by the 

RWQCB or SWRCB shall be signed by a person described below or by a duly authorized 
representative of that person. 

 
a. For a corporation:  by a responsible corporate officer such as (1) a president, secretary, 

treasurer, or vice president of the corporation in charge of a principal business function; 
(2) any other person who performs similar policy or decision-making functions for the 
corporation; or (3) the manager of one or more manufacturing, production, or operating 
facilities if authority to sign documents has been assigned or delegated to the manager in 
accordance with corporate procedures. 

b. For a partnership or sole proprietorship:  by a general partner or the proprietor. 

c. For a municipality, State, federal, or other public agency:  by either a principal executive 
officer or ranking elected official.  
 

30. Any person signing a document under Provision II.C.29 shall make the following certification, 
whether written or implied: 
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“I certify under penalty of law that this document and all attachments were prepared under my 
direction or supervision in accordance with a system designed to assure that qualified personnel 
properly gathered and evaluated the information submitted.  Based on my inquiry of the person 
or persons who manage the system, or those persons directly responsible for gathering the 
information, the information submitted is, to the best of my knowledge and belief, true, accurate, 
and complete.  I am aware there are significant penalties for submitting false information, 
including the possibility of fine and imprisonment for knowing violations.” 

 
31. The discharger shall report any discharge of waste that may endanger public health or the 

environment.  Any information shall be provided orally to the RWQCB within 24 hours from 
the time the discharger becomes aware of the occurrence.  A written report shall also be 
submitted to the RWQCB Executive Officer within five (5) consecutive days of the time the 
discharger becomes aware of the occurrence.  The written report shall contain (a) a description 
of the noncompliance and its cause; (b) the period of the noncompliance event, including dates 
and times, and if the noncompliance has not been corrected, the anticipated time it is expected 
to continue; and (c) steps taken or planned to reduce, eliminate, and prevent reoccurrence of the 
noncompliance.  

 
32. The discharger shall report all instances of noncompliance not reported under Provision II.C.31 

within seven (7) consecutive days of the time the discharger becomes aware of the occurrence.  
The report shall contain any applicable information listed in Provision II.C.31. 

 
33. The discharger shall comply with all of the conditions of these General WDRs.  Any 

noncompliance with these General WDRs constitutes a violation of the Water Code and is 
grounds for an enforcement action. 

 
34. The discharger must comply with all applicable Basin Plan provisions, including maintaining 

the protection of beneficial uses and complying with any prohibitions and water quality 
objectives governing the discharge.  In the event of a conflict between the provisions of these 
General WDRs and the applicable Basin Plan, the more stringent provisions prevails. 
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CERTIFICATION 
 

The undersigned, Clerk to the Board, does hereby certify that the foregoing is a full, true, and 
correct copy of an order duly and regularly adopted at a meeting of the SWRCB held on 
May 4, 2004. 
 
 
AYE: 
 
NO: 
 
ABSENT:  
 
ABSTAIN:  

 
 
 

_____________________________________ 
Debbie Irvin 
Clerk to the Board 

 
 



  
ATTACHMENT 1 

TO WQ ORDER NO. 2004-004-DWQ 
 

     
STATE WATER RESOURCES CONTROL BOARD  

 
NOTICE OF INTENT (NOI) 

TO ENROLL UNDER AND COMPLY WITH THE TERMS OF WATER QUALITY ORDER NO. 2004-004 
DWQ (GENERAL WDRs), STATEWIDE GENERAL WASTE DISCHARGE REQUIREMENTS FOR 
DREDGED OR FILL DISCHARGES TO WATERS DEEMED BY THE U.S. ARMY CORPS OF 
ENGINEERS TO BE OUTSIDE OF FEDERAL JURISDICTION 
 

 
Mark Only One Item                                        1.   �  New Discharge 
                                                                         2.   �  Change of Information-WDID # ____________   
 

 
I. Owner of the Land 

Name 

Mailing Address 

City 
 

County 
 

State Zip Phone 

Contact Person 
 
 

II. Billing Address 

Name 

Mailing Address 
 
City County State Zip Phone 

Contact Person 

 
III. Discharger (if different from owner of the land)  

Name 
 
Mailing Address 
 
City County State Zip Phone 

Contact Person 

 
STATE USE ONLY 
WDID: 
����������� 

Regional Board Office: 
�� 

Date NOI Received: 
 

 

  Check #: __________ 
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IV.  Site Location 

Street (including address, if any) 

Nearest Cross Street(s) 

County: Total Size of Site (acres): 

 
Latitude/Longitude  (Center of Discharge Area) in degrees/minutes/seconds (DMS) to the nearest ½ second  
or  decimal degrees (DD) to four decimals (0.0001 degree)   

DMS:    N.     Latitude      Deg. _______  Min. ________  Sec. ____________      

 W.   Longitude Deg. _______ Min. ________  Sec. ____________      

DD:       N.  Latitude       ________________________________________                                                   

 W.   Longitude     ________________________________________                                  
 
Attach a map of at least 1:24000 (1” = 2000’) detail of the proposed discharge site (e.g., USGS 7.5 minute 
topographic map). 
 
 

V. Discharge Information 

Subject Notes 
Name(s) and type(s) of receiving waters: 

 
 
 
 
 
 

Receiving water 
types are: 
river/streambed, 
lake/reservoir, 
ocean/estuary/bay, 
riparian area, 
wetland  

Eligibility of receiving water.  Provide evidence that the water affected by this discharge is 
deemed to be out side of federal jurisdiction: 

U.S. Army Corps of 
Engineers 
jurisdictional 
disclaimer letter, or 
explanation why 
such a disclaimer is 
not needed 

Identify all regulatory agencies having jurisdiction over this project.  Attach copies of all  
federal and State license/permit applications or issued copies of licenses/permits from 
government agencies:  
 
 
 
 
 
 
 

For example: Dept. 
of Fish and Game 
Streambed 
Alteration 
Agreement,  
Coastal Commission 
permit 

Proposed project start date: 
 
 

Expected date of completion:  
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Project description: 
 
 
 
 
 

For example: 
Discharge of riprap; 
discharge of fill; 
excavation for a 
utility line  

Purpose of the entire activity: 
 
 
 
 

For example: 
Stream-bank erosion 
control; flood 
management; 
residential 
development  

Characterization of discharges: 
 
 
 
 
 
 

What types of 
constituents will be 
discharged?  Is the 
sediment 
contaminated? 

Fill and Excavation Discharges:  For each water body type listed below indicate in ACRES the area of the    
proposed  discharge to waters of the state, and identify the impacts(s) as permanent and/or temporary.  For linear 
discharges to drainage features and shorelines, e.g., bank stabilization, revetment, and channelization projects, 
ALSO specify the length of the proposed discharge to waters of the state IN FEET.1              

Permanent Impact Temporary Impact Water Body Type 
Acres Linear Feet Acres Linear Feet 

Wetland      
Streambed      

Lake/Reservoir      

Ocean/Estuary/Bay      

Riparian       

Dredging Discharges: Volume (cubic yards) of dredged material to be discharged into waters of the United 
States. 

 

 
 

                                                           
1 For guidance in determining the extent of impacted waters, see General WDRs, section II.A.4 
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VI. California Environmental Quality Act  
 
 Will an environmental impact report or a negative declaration be adopted for this project or has one been 

adopted? 
 

 YES      NO 
 
 If yes, what is the current status of the environmental impact report or negative declaration? 
 

  Not yet issued for public review. 
  In public review. 
  Adopted. 

 
Name of lead agency _________________________________________________ 
 
If an environmental impact report or a negative declaration is in public review or has been adopted, enclose 
the document with this NOI. 

 
    
Will the discharge occur in, or in immediate proximity to, an area covered by a U.S. Fish and Wildlife 
Service (USFWS) Habitat Conservation Plan (HCP) or a Department of Fish and Game Natural 
Community Conservation Plan (NCCP)? 
 

YES      NO 
 
Will the discharge occur in, or in immediate proximity to, any habitat of a plant or animal species that has 
been classified by the Department of Fish and Game, the U.S. Fish and Wildlife Service, or the National 
Marine Fisheries Service as candidate, sensitive, endangered, rare, or threatened? 
 

YES        NO 
 
Will the discharge occur in, or in immediate proximity to, a significant historical or archeological resource, 
a unique paleontological resource or site, a unique geologic feature, or any human remains? 
 

YES      NO 
 
Will the discharge occur in, or in immediate proximity to, land under existing zoning for agricultural use or 
under a Williamson Act contract? 
 

YES       NO 
 
Will the discharge, as mitigated, cause any other significant adverse environmental impact? 
 

YES      NO 
 
If you answered “yes” to any of the previous five questions, provide a detailed explanation 
demonstrating why the discharge is eligible to be enrolled under the General WDRs. 
 

VII. Additional Submittals.  In accordance with provisions of State Water Resources Control Board (SWRCB) 
Water Quality Order No. 2004-0004 DWQ, please submit the following with this NOI to the appropriate 
Regional Water Quality Control Board or, for multi-Region projects, to the SWRCB. 
  
a. A fee pursuant to California Code of Regulations, Title 23 Section 2200. 

 
b. A Mitigation Plan, as described in the General WDRs. 

 
 
VIII. CERTIFICATION 
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“I certify under penalty of law that this document and all attachments were prepared under my direction and supervision 
in accordance with a system designed to assure that qualified personnel properly gather and evaluate the information 
submitted.  Based on my inquiry of the person or persons who manage the system, or those persons directly responsible 
for gathering the information, the information submitted is, to the best of my knowledge and belief, true, accurate, and 
complete.  I am aware that there are significant penalties for submitting false information, including the possibility of 
fine and imprisonment.  In addition, I certify that the provisions of these General WDRs will be complied with.” 
 
Signature of Discharger Title 

Printed or Typed Name Date 

 



  
ATTACHMENT 2 

TO WQ ORDER NO. 2004-0004-DWQ 
   

STATE WATER RESOURCES CONTROL BOARD 
 

NOTICE OF TERMINATION  

OF DREDGED OR FILL DISCHARGES  
TO WATERS DEEMED BY THE U.S. ARMY CORPS OF ENGINEERS  

TO BE OUTSIDE OF FEDERAL JURISDICTION  
(WATER QUALITY ORDER NO. 2004-0004 DWQ) 

 

WDID  # _____________________________ 

III. Owner of the Land 

Name 
 
Mailing Address 

City County State Zip Phone 

Contact Person  

III. Discharger (if different from owner of the land) 

Name 
 
Mailing Address 
 
City  County State Zip Phone 

Contact Person 

III. Site Location 

Street (including address, if any) 
 

Nearest Cross Street(s) 
 
County: 

 
IV. Reason For Notice of Termination 

Indicate why the discharge should no longer be regulated under WQ Order No. 2004-0004-DWQ. 
 

 
STATE USE ONLY 

WDID: 
����������� 

Regional Board Office: 
�� 

Date NOT 
Received: 
_______________
__ 

Date NOT 
Processed: 
______________
__ 
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V. CERTIFICATION 

“I certify under penalty of law that this document and all attachments were prepared under my direction and 
supervision in accordance with a system designed to assure that qualified personnel properly gather and evaluate the 
information submitted.  Based on my inquiry of the person or persons who manage the system, or those persons 
directly responsible for gathering the information, the information submitted is, to the best of my knowledge and 
belief, true, accurate, and complete.  I am aware that there are significant penalties for submitting false information, 
including the possibility of fine and imprisonment.”  

Signature  of Discharger Title 

Printed or Typed  Name Date 

 
 
 
 
 



EXHIBIT R



STATE WATER RESOURCES CONTROL BOARD 
RESOLUTION NO. 2008-0026 

 
 

DEVELOPMENT OF A POLICY TO PROTECT WETLANDS AND RIPARIAN AREAS 
IN ORDER TO RESTORE AND MAINTAIN THE WATER QUALITY AND BENEFICIAL USES 

OF THE WATERS OF THE STATE 
 
 

WHEREAS: 

1. Over 85 percent of historic wetland and riparian acreage in California has been lost according 
to published research estimates.  Remaining resources continue to be vulnerable to future 
impacts from projected population growth, land development, sea level rise, and climate 
change in California. 

2. Although physically occupying only a small percentage of California watersheds, wetlands and 
riparian areas provide valuable water quality functions such as flood control, pollutant filtration, 
water supply and replenishment, recreation, and habitat for a wide variety of plants and 
animals.  Wetlands and riparian areas act to promote the health and existence of other vital 
natural resources, and provide significant economic benefits to California. 

3. The value of wetlands and riparian areas has been recognized in California through the 
enactment of the California Wetlands Conservation Policy that sets a goal to “ensure no overall 
net loss and achieve a long-term net gain in the quantity, quality, and permanence of wetlands 
acreage and values in California in a manner that fosters creativity, stewardship, and respect 
for private property” (Executive Order W-59-93). 

4. The State has relied primarily on requirements of the Federal Water Pollution Control Act 
(33 U.S.C. § 1251 et seq.) (Clean Water Act) to protect wetlands and riparian areas for water 
quality goals. 

5. Recent U.S. Supreme Court rulings (Solid Waste Agency of Northern Cook County v. 
U.S. Army Corps of Engineers, 2001 and Rapanos v. United States, 2006) have reduced the 
jurisdiction of the Clean Water Act over wetland and riparian areas by limiting the definition of 
“waters of the United States.”  These decisions necessitate the use of California’s independent 
authorities under the Porter-Cologne Water Quality Control Act (Wat. Code, § 13000 et seq.) to 
protect these vital resources. 

6. In 2003, the State Water Resources Control Board (State Water Board) issued a report to the 
Legislature titled, Regulatory Steps Needed to Protect and Conserve Wetlands Not Subject to 
the Clean Water Act (Supplemental Report of the 2002 Budget Act Item 3940-001-0001).  This 
report reviewed the critical role that wetlands and riparian areas have in protecting the 
beneficial uses of waters throughout the State.  Consistent with the State Water Board and 
Regional Water Quality Control Boards’ (Regional Water Boards) (collectively California Water 
Boards) 2001 Watershed Management Initiative, this report further recognizes that a 
watershed-level approach is needed to protect wetlands and riparian areas and their 
associated water quality functions. 



7. In 2004, State Water Board staff initiated a Workplan upon the California Environmental 
Protection Agency’s request (Workplan: Filling the Gaps in Wetland Protection) to address the 
waters of the State that are no longer protected under the Clean Water Act.  This Workplan 
specified the need to adopt a State wetland definition to “provide a standard metric to help 
determine compensatory mitigation requirements and compliance with [the] ‘no net loss’ policy 
[Executive Order W-59-93].”  In addition, the Workplan included developing a statewide policy 
for wetland protection “at least as protective as the federal requirements.”  To immediately 
address part of “the gap,” the State Water Board adopted general waste discharge 
requirements for minor discharges to non-federal waters (Water Quality Order 2004-0004 May 
4, 2004). 

8. California continues to lose “functional wetlands” at an increasing rate despite the efforts of the 
State’s 401 Water Quality Certification Program.  This fact is documented in a State Water 
Board research study contracted with UCLA titled An Evaluation of Compensatory Mitigation 
Projects Permitted Under Clean Water Act Section 401 by The California State Water 
Resources Control Board, 1991-2002.  The current implementation of the 401 Water Quality 
Certification Program does not adequately protect functional wetlands.  Unfortunately, 
compliance with regulatory requirements has not resulted in resource protection.  Clearly, there 
is a need for a strong statewide policy that provides both guidance on the protection and 
restoration of wetlands, as well as assessing and measuring net change in wetland functions. .  
The purpose of the proposed Policy is to ensure no further net loss and ultimate long-term gain 
in the quantity and quality of “functional” wetlands and riparian areas within the State.  
Successful implementation of the proposed Policy will be assessed via measurable 
environmental outcomes. 

9. In 2007, State Water Board staff completed public scoping meetings on wetland and riparian 
area policy alternatives and considered comments received in accordance with the California 
Environmental Quality Act. 

 
 
THEREFORE BE IT RESOLVED THAT: 
 
1. The State Water Board recognizes the beneficial services of wetlands and riparian areas for 

people and wildlife in protecting and improving water quality, providing fish and wildlife habitat 
including unique plant communities (i.e., wetland and riparian vegetation), storing floodwaters, 
maintaining surface water flows in dry periods, and other valuable functions.  California has a 
rich ecological diversity, therefore, the State Water Board further recognizes that watershed 
focused planning is the most effective strategy for maintaining and enhancing these functions. 

2. The State Water Board will take action to ensure the protection of the vital beneficial services 
provided by wetlands and riparian areas through the development of a statewide policy to 
protect wetlands and riparian areas (Policy) that is watershed-based. 

3. The Development Team, as defined below, will examine the environmental issues, evaluate 
the relevant alternatives, and make recommendations regarding the Policy.  To ensure a 
comprehensive scope, the staff is directed to consider additional alternatives and 
recommendations other than those outlined in the 2004 Workplan. 

4. In recognition that successful Policy implementation will require a supporting level of internal 
program infrastructure, major policy areas should be addressed in a step-wise fashion and 
implemented in phases to allow for commensurate program development.  The Policy shall 
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support efforts to collect wetland data to monitor progress towards statewide wetland 
protection and to evaluate the level of program resources needed, including staffing, to 
undertake the next phases. 

5. (a) The State Water Board staff is directed to develop the Policy using a collaborative 
process that involves the Regional Water Boards and bring that Policy to the State Water 
Board for consideration.  A California Water Board development team (Development 
Team) will be formed for the Policy.  The Development Team will consider and utilize 
relevant plans, policies, and technical documents already adopted or being developed by 
the Regional Water Boards, including the Stream and Wetland Systems Protection Policy 
Basin Plan Amendment being prepared by Regions 1 and 2. 

(b) The Development Team will coordinate with other State and federal agencies and 
interested stakeholders to ensure a high degree of public involvement and agency 
coordination throughout the Policy development process. 

(c) A charter will be developed by the Development Team defining the Development Team’s 
purpose, responsibilities, goals and objectives, operating procedures, and timelines.  The 
charter will identify the relationship of the Development Team to the water boards, other 
public agencies, and stakeholders.  In July 2008, the Development Team will report back 
to the State Water Board on the proposed charter, before adoption by the Development 
Team. 

(d) The State Water Board will review the Development Team’s progress in July 2008, and 
periodically thereafter to provide oversight guidance as needed. 

(e) The Policy, as well as the work of the Development Team, will inform and shape 
proposed Regional Basin Plan amendments.  At a minimum for the proposed Regional 
Basin Plan amendments, this would include a review following the completion of the peer 
review process, and also a review within the public comment period prior to adoption 
hearings by the Regional Water Boards. 

6. The Development Team will develop the Policy in three phases: 

Phase 1 – establish a Policy to protect wetlands from dredge and fill activities.  The 
Development Team is directed to develop and bring forward for State Water Board 
consideration:  (a) a wetland definition that would reliably define the diverse array of California 
wetlands based on the United States Army Corps of Engineers’ wetland delineation methods to 
the extent feasible, (b) a wetland regulatory mechanism based on the 404 (b)(1) guidelines (40 
C.F.R. parts 230-233) that includes a watershed focus, and (c) an assessment method for 
collecting wetland data to monitor progress toward wetland protection and to evaluate program 
development. 
 
Phase 2 – expand the scope of the Policy to protect wetlands from all other activities impacting 
water quality.  The Development Team is directed to develop and bring forward for State Water 
Board consideration:  (a) new beneficial use definitions, (b) water quality objectives, and (c) a 
program of implementation to achieve the water quality objectives, as necessary, to protect 
wetland-related functions. 
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Phase 3 – extend the Policy’s protection to riparian areas.  The Development Team is directed 
to develop, and bring forward for State Water Board consideration:  (a) new beneficial use 
definitions, (b) water quality objectives, and (c) a program of implementation to achieve the 
water quality objectives, as necessary, to protect riparian area-related functions. 

7. The Development Team will begin Phase 1 immediately with a target completion date of mid-
2009.  Work on Phases 2 and 3 will proceed in parallel or in sequence as appropriate and will 
follow in subsequent years.  Phase 1 work products will include:  

a. An overarching policy statement establishing the intent of the California Water Boards to 
protect all waters of the State using a watershed approach in coordination with the 
Regional Water Boards; other local, State, and federal agencies; and local watershed 
and stakeholder groups and forums; 

b. A wetland definition that would reliably define the diverse array of California wetlands 
based on the United States Army Corps of Engineers’ wetland delineation methods to the 
extent feasible; 

c. A framework for protecting water quality and beneficial uses that relies on sequential 
avoidance, minimization, and mitigation of impacts; and, 

d. Guidance on tracking wetland condition and function to monitor wetland protection and 
other required data to evaluate necessary program development resources. 

8. At all phases, the Policy is intended to complement and support Region-specific plans and 
policies to protect the functionality of wetlands and riparian areas and should recognize the 
Regional Water Boards’ essential role in implementing and informing statewide policy.   

 
 

CERTIFICATION 
 
The undersigned Clerk to the Board does hereby certify that the foregoing is a full, true, and correct 
copy of a resolution duly and regularly adopted at a meeting of the State Water Resources Control 
Board held on April 15, 2008. 
 
AYE:   Chair Tam M. Doduc 

  Vice Chair Gary Wolff, P.E., Ph.D 
  Charles R. Hoppin 

  Frances Spivy-Weber 
NAY:  None 
ABSENT: Arthur G. Baggett, Jr. 
ABSTAIN: None 
 
              

Jeanine Townsend 
Clerk to the Board 
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Frank Hubach Associates, Inc 4905 Central Ave, Ste 100
Richmond, CA  94804

Acoustics and Vibration Phone 510-528-1505
Engineering Consultants Fax 510-528-1506

Email: info@fha-eng.com

2 November 2015

Mr. Tom Lippe, Esq.
Law Offices of Thomas N. Lippe APC
201 Mission Street, 12th Floor
San Francisco, CA 94105

Project: Warriors Event Center in Mission Bay
  FHA # 648-02

Dear Mr. Lippe,

You requested that I review the analysis of this Project's noise impacts in the Responses to
Comments on the Draft Subsequent EIR dated 5 June 2015, Chapters 12 & 13. This letter report
summarizes my comments and responds to your specific questions.

Does the DSEIR use a reliable methodology to determine the significance of Impact
NO-1 and Impact NO-5?

Impact NO-1 is “Construction of the proposed project would not cause a substantial
temporary or periodic increase in ambient noise levels in the project vicinity above levels
existing without the project. (Less than Significant).” (DSEIR, pp. 5.3-20 to 5.3-23.)

Impact NO-5 is “Operation of the proposed project would cause a substantial permanent
increase in ambient noise levels in the project vicinity. (Significant and Unavoidable with
Mitigation).” (DSEIR, pp. 5.3-32 to 5.3-39.)
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In my opinion the DSEIR does not use a reliable methodology to determine whether
Impact NO-1 or NO-5 is significant.

For Impact NO-1 and Impact NO-5, the DSEIR uses a threshold of significance of the
“ambient plus increment” type. For Impact No-1, the “ambient plus increment” threshold of
significance is whether the “the increase in noise levels over existing conditions would be less
than 10 dBA.” (DSEIR, p. 5.3-23.)

This type of threshold discounts the significance or severity of pre-existing noise levels
and treats them as if they are irrelevant to whether the incremental change caused by the Project
is “significant.”  Refer to additional detailed information in my 22 July 2015 report.

12.2.1 Generator Relocation

“Because the generators would no longer be in a sub-grade location with the project refinements, the potential noise
impacts of the routine generator maintenance operations at the at- or above-grade locations were
assessed quantitatively, as described below.”  (pg 12-2) 

The generator relocation does not specifically address (in terms of decibels) the potential impact
to pedestrians, bicyclists or motorists when in close proximity to the generators.  Only the two
large 150 kW generators are fitted with noise control treatments which will have some localized
benefit.  This is potentially significant impact.

12.2.3 Transportation Improvements

“Similarly, the temporary impacts of construction noise would be limited to standard construction
equipment such as a backhoe and jackhammer, which would not be expected to result in a
significant construction noise impact, as these equipment types comply with the construction noise
limits of the Sections 2907(a) and (b) of the Police Code, as discussed on page 5.3-14 of the SEIR and
would occur in an area with elevated ambient background noise based on modeled baseline traffic
volumes derived from the San Francisco County Transportation Authority travel demand model.” (pg 12-11)

This work along King Street has an unspecified noise impact that is in my opinion potentially
significant.
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12.3.2 Other Construction Refinements

“Refinements to the proposed construction techniques that were described in the Draft SEIR
include: addition of on-site soil treatment, possible use of dewatering pump generators, and
removal of rapid impact compaction equipment.” (pg 12-16)

The dewatering pump generators added do not specifically address (in terms of decibels) the
potential impact to pedestrians, bicyclists or motorists when in close proximity to the generators. 
This is potentially significant impact.

“The pug mill would be enclosed within a large canvas tent to control dust and noise generated by the plant.” 

(pg 12-17)

It is unlikely the tent will attenuate any pug mill noise.  This is potentially significant impact.

12.4 Muni UCSF/Mission Bay Station Variant

“Assuming use of a backhoe, jack hammer and truck crane, construction activities for the demolition of the existing
northbound platform wouldgenerate noise levels of 79.4 dBA, Leq at the nearest receptor (Hearst Tower), 75 feet
away, which would result in a less than 10 dBA increase over existing ambient noise levels of 71.2 dBA, Leq.” 
(pg 12-28)

This is an 8.2 dB increase above ambient and in my opinion significant.

Using these “ambient plus increment” thresholds where existing noise levels are already
too high, as shown in Tables 5.3-9 and 5.3-10 (DSEIR, pp. 5.3-34, 36), disregards the fact that
the Project will make already severe conditions worse. In addition, using these “ambient plus
increment” thresholds for operational noise results in an unsustainable gradual increase in
ambient noise. It is a formula for ever-increasing noise levels because each new project
establishes a new, higher, baseline; then when the next project is approved, the incremental
change will be added to the new baseline.

Therefore, the operational impact assessment needs to be redone using valid, science-based
thresholds that relate to actual human health and welfare effects of noise.
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In my opinion, is the Project will cause a significant increase in Impact NO-1 and Impact
NO-5 above levels existing without the project.

Very truly yours,

Frank J. Hubach
President

FJH:fjh
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