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December 8, 2015

Angela Calvillo
Clerk of the Board of Supervisors
1 Dr. Carlton B. Goodlett Place
City Hall, Room 244
San Francisco, CA  94102-4689

Re: Partial Reply Brief Re Appeal of SEIR for the Warriors Arena
Project

Dear Ms Calvillo:

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”).  

I write today to reply to the OCII brief on this appeal with respect to several issues
involving Air Quality and Transportation. 

A. AIR QUALlTY.

1. The SEIR Fails to Determine the Significance of Project-specific Toxic Air
Contaminant Impacts.

The SEIR assesses Toxic Air Contaminant (TAC) impacts only through a form of
cumulative analysis, and, accordingly, would find an impact requiring mitigation only if 1)
cumulative excess cancers from sources within 1,000 feet were more than 100 in one million and
2) the Project itself contributed more than 10 of these excess cancers.  The Alliance has objected
to the failure to apply a threshold of significance to determine the significance project-specific
TAC impacts because project-specific impacts may be significant even if there is no cumulatively
significant impact.1

OCII’s appeal brief now argues that it “has selected a threshold that SF Planning applies

Thomas N. Lippe, Appellants Partial Brief re: Public Comment, Air Quality, Transportation, Water Quality,1

Biological, and Noise, Nov. 30, 2015 (“Nov 30 Lippe Partial Brief”), pp. 27-34.

mailto:Lippelaw@sonic.net
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to all projects in San Francisco.”    This is not true.  The Alliance has demonstrated that the City2

separately assesses project-specific and cumulative risk in its EIRs and, in particular, may find a
project-specific impact even where there is no cumulative impact.3

OCII’s appeal brief cites Rialto Citizens for Responsible Growth v. City of Rialto (2012)
208 Cal.App.4th 899, 932-934 to claim that it “has the discretion to evaluate the project’s TAC
emissions in the context of cumulative excess cancer risk.”   Rialto Citizens does not stand for4

the proposition that an agency may ignore project-specific risk if it determines that there is no
significant cumulative impact.  In fact, unlike here, the lead agency in Rialto Citizens found the
project-specific risk to be significant and imposed all feasible mitigation.  Id. 

Rialto Citizens did not excuse the agency from a project-specific analysis; it excused the
agency from a portion of the cumulative analysis, holding only that the agency need not have
quantified emissions from a large list of projects within a 5-mile radius because that was not
reasonable or practical under the circumstances.  Id.  Rialto Citizens points out that because the
South Coast Air Quality Management District (SCAQMD) applies the same threshold to
determine project-specific impacts and to determine whether a project makes a considerable
contribution to a cumulatively significant impact, and because the EIR found that the project
would exceed that threshold, it had provided an adequate cumulative analysis.   Rialto Citizens
neither considered nor decided the propriety of SCAQMD’s conflation of the thresholds for
determining project-specific significance and determining whether a project makes a
considerable contribution to a significant cumulative impact. Nor did it consider or decide
whether an agency must consider the possibility that there may be a significant project-specific
impact even if there is no significant cumulative impact. 

OCII’s appeal brief admits that the Project will increase excess cancer risk to sensitive
receptors by as much as 20 in one million.   This is twice the threshold for project-specific5

impacts used by most California air districts, including BAAQMD.   The SEIR is inadequate6

because it does not consider whether this is, by itself, a significant impact.

OCII, Appeal of Final SEIR Certification, Nov. 30, 2015 (“OCII Nov 30 Brief”), p. D-233.2

Nov 30 Lippe Partial Brief, pp. 33-34.3

OCII Nov 30 Brief, p. D-234.4

Id., pp. D-234 to D-235.5

Nov 30 Lippe Partial Brief, p. 30.6
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2. The SEIR’s Fails to Include all sources of TACs in its Impact Assessment.

OCII’s appeal brief claims that the cumulative risk at the project site is under the 100
excess cancers in one million threshold of significance for cumulative TAC impacts it has elected
to borrow from the EPA.   This contention ignores two material sources of TAC risk omitted7

from the SEIR’s analysis, either of which would result in exceeding this threshold.

First, the SEIR’s determination of cumulative significance omits the acknowledged
background TAC levels from regional and global sources, which cause about 100 excess cancers
in one million.   OCII repeats this acknowledgement in its appeal brief without explaining why8

these sources were omitted from the cumulative impact analysis.   Exhibit 2 attached hereto9

shows the effect on the analysis of the Project’s cumulative TAC impacts if regional and global
sources are included.

Second, the SEIR omits TACs from foreseeable future local projects including the
construction and operation of future portions of the Mission Bay project.    With regard to TACs10

from future construction, OCII’s appeal brief now argues that “it would be speculative to
estimate impacts due to construction slated for 2025 or even within the next five years, as
detailed emissions and activity inventories are not yet available.”   This is not true because11

future construction emissions from projects in the immediate vicinity have in fact been estimated
for the year 2025.  As the letter from Paul Rosenfeld and Jessie Jaeger (attached as Exhibit 1)
explains, the cumulative “2014 Background Risk” data reported in Table 6.1-8 of Appendix AQ
and AQ2, taken from the Citywide HRA database and used to determine cumulative significance,
omits TAC risk from future construction projects.   However, the citywide modeling effort from12

which the SEIR derived its background cumulative TAC cancer risks did in fact include
modeling of diesel particulate matter from foreseeable construction activity.   Indeed, this13

modeling effort included an estimate of emissions for major construction projects in both 2010

OCII Nov 30 Brief, pp. D-235 to D-236.7

Nov 30 Lippe Partial Brief, pp. 24-27.8

OCII Nov 30 Brief, p. A-16.9

Nov 30 Lippe Partial Brief, pp. 35-36.10

OCII Nov 30 Brief, p. D-236.11

Paul Rosenfeld and Jessie Jaeger, December 6, 2015 (Dec 6 SWAPE), Exhibit 1, pp. 3-6.12

Id. at 3-4.13
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and 2025, including four distinct sections of the Mission Bay project buildout in the year 2025.  14

Thus, quantification of construction risks in 2025 was and is feasible.  Indeed, the risk for major
projects in the immediate vicinity of this Project has already been quantified and could have been
included in the health risk assessment.

With regard to the TACs from future operations of the Mission Bay project buildout,
OCII’s appeal brief claims that the Citywide modeling “encompassed build-out of adopted plans,
including the Mission Bay Redevelopment Plan.   OCII misses the point of the Alliance’s15

objection.  First, the Citywide modeling did not account for the localized future increases in
traffic due to large, specific, foreseeable development projects like the Mission Bay plan.  16

Second, even if the TACs from future traffic generated by the Mission Bay plan had been
included in the Citywide modeling, that modeling only considered emissions from traffic on
freeways and major arterials.  As the attached letter from Paul Rosenfeld and Jessie Jaeger
explains, this traffic will also generate TACs affecting the Project vicinity when traveling on the
roadways immediately proximate to the Project that are not freeways or major arterials, and this
large volume of traffic will have a foreseeable adverse effect on sensitive receptors.   This17

specific and foreseeable effect could and should have been included in the assessment of
cumulative sources.

3. The SEIR Fails to Use Current Science Regarding Differential Breathing
Rates in its Analysis of TAC Impacts.

The Alliance objected to the SEIR’s failure to use the current science related to children’s
elevated breathing rates in determining the excess cancer risks to sensitive receptors.   OCII’s18

appeal brief continues to argue that it was entitled to ignore current science because BAAQMD
had not yet incorporated it into its guidance.   Now OCII also argues that the SEIR adequately19

took into account the “special characteristics of exposure in children” because BAAQMD chose
to adopt “some parts of the 2015 OEHHA guidance early, namely the use of Age Sensitivity
Factors.”  20

Id. at 4.14

OCII Nov 30 Brief, p. D-23615

Dec 6 SWAPE, Exhibit 1, pp. 1-3.16

Id.17

Nov 30 Lippe Partial Brief, pp. 36-40.18

OCII Nov 30 Brief, p. D-237.19

Id.20
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First, it is not accurate to claim BAAQMD adopted the use of Age Sensitivity Factors

“early.”  As Paul Rosenfeld and Jessie Jaeger explain, OEHHA released and recommended use
of Age Sensitivity Factors and differential breathing rates for children in 2009 and 2012.  21

 
Second, OCII’s implication that the use of Age Sensitivity Factors is a substitute for use

of the accurate, higher breathing rates for children is simply wrong.   As Paul Rosenfeld and
Jessie Jaeger explain, Age Sensitivity Factors are not an alternative method of accounting for
higher breathing rates in children.  OEHHA’s 2012 and 2015 guidance call for evaluating risk to
children using both the accurate, elevated breathing rates and the Age Sensitivity Factors.22

Finally, OCII argues that Berkeley Keep Jets over the Bay Committee v. Board of Port
Commissioners (2001) 91 Cal.App.4th 1344 is not relevant because here the SEIR does analyze
health risks from TACs whereas the agency in Berkeley Jets declined to do so.   Once again,23

OCII misses the point.  The Alliance cites Berkeley Jets for the proposition that it violates CEQA
to misrepresent the currency of scientific assumptions relevant to a TAC analysis by offering
irrelevant arguments about the publication status of the assumptions.  Even though it did not
complete a health risk assessment, the lead agency in Berkeley Jets did provide an analysis of the
project-caused TAC emissions themselves.  As comments from an expert objected, that analysis
was based on an out-of-date 1991 speciation profile for jet engines.  (Id. at 1364-1365.)  The
agency’s response failed to meet CEQA’s requirements for good-faith, reasoned analysis because
it “created the misleading impression that a CARB official had discouraged the Port from
utilizing speciation profile #586 because it had not yet been officially adopted by CARB and that
CARB staff had questions about the accuracy of its methodology.”  (Id. at 1366, emphasis
added.)  This is precisely analogous to OCII’s irrelevant, inaccurate, and misleading argument
that the new OEHHA exposure parameters for health risk assessments need not be used because
they appeared in the 2015 OEHHA guidance issued after the NOP, despite the fact that OEHHA
had previously published them in its 2012 guidance, and despite comments from an expert
explaining that the new breathing rates would materially change the analysis. Berkeley Jets is on
point because here the FSEIR failed to address the expert’s comments substantively; instead the
comments “were perfunctorily discredited ... without any contrary analysis being made ....”  (Id.
at 1367.)  The FSEIR and OCII have never substantively addressed the issue or discussed the
actual effect of using accurate children’s breathing rates.

Dec 6 SWAPE, Exhibit 1, pp. 6-7.21

Id. at 7-8.22

OCII Nov 30 Brief, p. D-237.23
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B. TRANSPORTATION IMPACTS.

1. The SEIR Fails to Assess the Project’s Traffic Impacts on the Entire Affected
Environment.

Maps 1, 2 and 3, attached hereto, depict data summarized in Tables 2, 3 and 4 of the July
21, 2015, letter to Tom Lippe from traffic engineer Larry Wymer at FSEIR, Vol. 6, p. Com-141
(“July 21 Wymer”).  These maps illustrate the Alliance’s claims that the SEIR study area
arbitrarily excludes significant portions of the affected environment.  

Table 2 of the July 21 Wymer study provides a summary of 27 study intersections located
within the SOMA area and blocks north and south of I-80 which were analyzed within the 2013
memorandum traffic study for  the Warriors proposed arena project at Piers 30-32, and the PM
peak hour levels of service which were established therein for Existing (No Project), Existing
Plus Project, and Existing Plus “No Event” Project conditions.  

Table 3 of the July 21 Wymer study identifies intersections analyzed in all of the CEQA
Documents and notices for non-SFPUC projects in the downtown area of San Francisco,
including Environmental Impact Reports, Negative Declaration, NOPs, etc. which were  listed on
the City/County of San Francisco’s Planning Department Website as of July 17, 2015.  

Table 4 of the July 21 Wymer study combines and refines information provided within
Tables 2 and 3 to provide a planning level focus on the selection of study intersections within an
expanded study area for the currently proposed Warriors Arena Project.  It includes all of the
intersections identified and included within Table 2 and/or Table 3.  The table is organized with
intersections separated into five different categories with those within the top most section being
those which in Mr. Wymer’s opinion absolutely satisfy the criteria of requiring analysis within a
revised DSEIR, and those at the bottom of the list not requiring analysis unless a future screening
analysis supports doing so.

The data summarized  in Tables 2, 3 and 4 and depicted on the attached Maps 1, 2, and 3
are derived from CEQA documents prepared by the City of San Francisco for development
projects near the Warriors’ Arena Project that are either recently approved or currently in the
permit pipeline.24

Excerpts from these CEQA documents showing this data are attached as Exhibit 15 to the Nov 3024

Lippe Partial Brief, and include:  Draft Environmental Impact Report, 5M Project, October 15, 2014,
pages 255-256, 310; Draft Environmental Impact Report, 222 Second Street Office Project, January
27, 2010, pages 81-84; Draft Environmental Impact Report, 255 Seventh Street (Westbook Plaza)
Project, February 24, 2007, page 27; Draft Environmental Impact Report, 706 Mission Street Project,
June 27, 2012, pages IV.E.1, IV.E.5, IV.E.7, IV.E.37; Draft Environmental Impact Report, 801
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Map 1:  Map of Traffic Study Areas in CEQA Documents for Nearby Projects.

Map 1 depicts:

• The areas studied for traffic impacts in the CEQA documents of the projects included in Exhibit
15 as obtained from the City/County of San Francisco’s Planning Department Website as of July
17, 2015.   These areas are denoted by colored polygons as shown in the legend for Map 1.  The25

intersections evaluated by each CEQA document are located within the boundary of the study
area.

•  The blue polygon identifies the area of study used in the Warrior’s Arena Project SEIR.
(DSEIR, Figure 5.2-15).  The Warrior’s Arena SEIR did not evaluate the impact on any
intersections outside of this defined area.  

Map 2:  Map of Potentially Impacted Intersections in Expanded Study Area.

Map 2 depicts:

•  The blue polygon identifies the area of study used in the Warrior’s Arena Project SEIR.
(DSEIR, Figure 5.2-15). 

• The intersections outside the blue polygon with a yellow or red circle are those described as at
level of service (LOS) E or F, respectively, in the environmental documents for the projects
included in Exhibit 15 and that Mr. Wymer argues are likely to be significantly impacted by the
Warriors Arena Project. (July 21 Wymer, p. 9.)  Table 4 of the July 21 Wymer study organizes
these intersections into categories based upon how strongly the Mr. Wymer recommends the

Brannan and One Henry Adams Streets Project, June 22, 2011, pages 154-155, 177, 205; Preliminary
Mitigated Negative Declaration, 850 Bryant Street - Hall of Justice Rehabilitation and Detention
Facility Project, May 13, 2015, pages 55-56, 59, 84; Environmental Impact Report, Academy of Art
University Project, February 2015, pages 4-1, 4.6-10 - 4.6-12, 4.6-131 - 4.6-123, figure 4.6-2; Draft
Environmental Impact Report Moscone Center Expansion Project, April 30, 2014, pages IV.A-1,
Figure IV.A-1, IV.A-54, Addendum to Environmental Impact Report,  Art & Design Educational
Special Use District (1111 8th Street), September 26, 2012, page 10; Draft Environmental Impact
Report San Francisco 2004 and 2009 Housing Element, June 30, 2010, figure IV-1, pages V.F-1,
V.F-31-32; Draft Supplemental Environmental Impact Report Second Street Improvement Project,
February 11, 2015, figure 2, page 23, 32, 90; Draft Environmental Impact Report San Francisco
Museum of Modern Art Expansion/ Fire Station Relocation and Housing Project, July 11, 2011,
pages 213, 217, 301).  

http://www.sf-planning.org/index.aspx-page=356225
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intersections be considered in a revised DEIR.  The thirteen (13) intersections labeled with a star
are identified by Mr. Wymer as intersections that a revised EIR would be required to analyze
because the proposed project will add significant traffic volume to these intersections. (July 21
Wymer p. 5.) 

• Map 2 also shows the intersections identified in the Warrior’s Arena Project SEIR as post-
project LOS E or F. 

Map 3:  Map of Traffic Study Areas in CEQA Documents for Nearby Projects With
Potentially Impacted Intersections in Expanded Study Area.

This map combines the data depicted in Maps 2 and 3.

Virtually all of the intersections in the SOMA area north and west of the Project study
area (shown in Map 2) are rated at LOS E or F.  As a result, it takes little additional Project-
induced traffic at these intersections to cause significant increases in congestion.  The SEIR
sweeps this stubborn problem under the rug in the Project-level impact analysis by not studying
these intersections at all.  In the cumulative impacts analysis, the SEIR avoids this problem by
using a “projection” rather than “list-based” approach, and simply ignoring the interaction of the
Project’s impacts with the impacts of the contemporaneous nearby projects shown in Maps 1 and
3.

2. The SEIR’s Conclusions Regarding Local and Regional Transit System
Impacts and Mitigation Measures Are Unsupported. 

The SEIR’s analysis of transit system impacts and mitigation measures is broken down by
carrier and scenarios without/with Giants games.  The SEIR’s conclusions regarding impacts on
local and regional transits services are excerpted to demonstrate the Alliance’s claims, previously
presented in Alliance comment letters and the Nov 30 Lippe Partial Brief, that SEIR’s
conclusions are unsupported.

(a) Without Giants Game:  Muni.

The SEIR states: 

Impact TR-4:  The proposed project would not result in a substantial increase in
transit demand that could not be accommodated by adjacent Muni transit capacity
such that significant adverse impacts to Muni transit service would occur under
Existing plus Project conditions without a SF Giants game at AT&T Park. (Less
than Significant) (DSEIR, 5.2-135.)

Mitigation:  Not required. 
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While the proposed project’s transit impacts would be less than significant, the
following improvement measure may be recommended for consideration by City
decision makers to further reduce the proposed project’s less-than-significant
transit impacts.  

Improvement Measure I-TR-4:  Operational Study of the Southbound Platform at
the T Third UCSF/Mission Bay Station as an improvement measure to enhance T
Third operations at the UCSF/Mission Bay station for pre-event arrivals, the
project sponsor shall fund a study of the effects of pedestrian flows on Muni’s
safety and operations prior to an event as well as the feasibility and efficacy of
enlarging the southbound platform by extending it south towards 16th Street.  The
study shall include an assessment of exiting pedestrian flows from a fully
occupied two-car light rail train on the platform and ramp to the crosswalk at
South Street across Third Street, also taking into consideration the presence of
non-event transit riders waiting to board the train, service frequency, and current
traffic signal operations. The study shall be performed by a qualified
transportation professional approved by SFMTA. Implementation of Improvement
Measure I-TR-4:  Operational Study of the Southbound Platform at the T Third
UCSF/Mission Bay Station would study the need for and feasibility of physical
improvements to the existing light rail platform, and would not result in any
secondary transportation-related impacts. (DSEIR, 5.2-135.)

The MBA has commented that the threshold of significance for transit impacts is invalid,
therefore, the conclusion that impact is less than significant is unsupported. (Nov 30 Lippe
Partial Brief, pp. 63-66.)  

(b) Without Giants Game:  Regional Transit Services (Caltrain, Golden Gate
Transit Buses, Ferries).

The SEIR states: 

Impact TR-5:  The proposed project would result in a substantial increase in
transit demand that could not be accommodated by regional transit capacity such
that significant adverse impacts to regional transit service would occur under
Existing plus Project conditions without a SF Giants game at AT&T Park.
(Significant and Unavoidable with Mitigation)  (DSEIR, 5.2-144.)

Summary of Impact TR-5, Regional Transit Impacts.
Overall, under existing plus project conditions without a SF Giants game at
AT&T Park, the proposed project would result in significant project-specific
regional transit impacts, as follows:
• On Caltrain to and from the South Bay during the weekday evening, weekday
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late evening, and Saturday evening peak hours for the Basketball Game scenario.
• On WETA and Golden Gate Transit service to the North Bay during the
weekday late evening peak hours.
In order to accommodate the additional transit demand to the South Bay during
weekday and Saturday evening conditions, one additional train car (average
capacity of 130 passengers per car) on at least one inbound train per hour would
be needed.  For the weekday late evening period, two additional train cars
(average capacity of 130 passengers per car) on at least one outbound train per
hour would be needed.  Alternatively, the transit demand could be accommodated
within one special outbound train (total capacity up to 650 passengers) at the end
of the basketball game, similar to the service currently being offered for SF Giants
home games (two special outbound trains).
In order to accommodate the additional transit demand to the North Bay, four
additional Golden Gate Transit buses (40 passengers per bus) plus one ferry boat
(250 to 320 passengers per boat) per hour, or alternatively seven additional buses
per hour would need to be provided.

Implementation of Mitigation Measure M-TR-5a:  Additional Caltrain
Service and Mitigation Measure M-TR-5b:  Additional North Bay Ferry
and/or Bus Service would reduce or minimize the severity of the capacity
utilization exceedances for the regional transit service providers, and would not
result in secondary transportation impacts.  However, since the provision of
additional South Bay and North Bay service is uncertain and full funding for the
service has not yet been identified, implementation of both mitigation measures
remain uncertain. Accordingly, the proposed project’s significant impacts to
Caltrain, Golden Gate Transit and WETA transit capacity would remain
significant and unavoidable with mitigation.  

Mitigation Measure M-TR-5a:  Additional Caltrain Service.
As a mitigation measure to accommodate transit demand to and from the South
Bay for weekday and weekend evening events, the project sponsor shall work with
the Ballpark/Mission Bay Transportation Coordinating Committee to coordinate
with Caltrain to provide additional Caltrain service to and from San Francisco on
weekdays and weekends.  The need for additional service shall be based on
surveys of event center attendees conducted as part of the TMP.26

In the MMRP attached to OCII Resolution 2015-70, Mitigation Measure M-TR-5a is worded the same as26

in the DSEIR, stating: “As a mitigation measure to accommodate transit demand to and from the South Bay
for weekday and weekend evening events, the project sponsor shall work with the Ballpark/Mission Bay
Transportation Coordinating Committee to consult with Caltrain to provide additional Caltrain service to and
from San Francisco on weekdays and weekends. The need for additional service shall be based on surveys
of event center attendees conducted as part of the TMP.” (MMRP, pp. 7-8 (underscore added).)
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Mitigation Measure M-TR-5b:  Additional North Bay Ferry and/or Bus
Service.  As a mitigation measure to accommodate transit demand to the North
Bay following weekday and weekend evening events, the project sponsor shall
work with the Ballpark/Mission Bay Transportation Coordinating Committee to
coordinate with Golden Gate Transit and WETA to provide additional ferry and/or
bus service from San Francisco following weekday and weekend evening events.
The need for additional service shall be based on surveys of event center attendees
conducted as part of the TMP. (DSEIR, pp. 5.2-146, 147 (underscore added).)27

There is no evidence these mitigation measures are infeasible, and therefore no evidence
to support the conclusion that they are uncertain (and therefore ineffective), other than the failure
of the EIR to explore the possibility of making the Project Sponsor pay for these measures to
make them certain and effective.  There is certainly no evidence that making the Project Sponsor
pay for these measures is infeasible.  Therefore, there is no evidence to support the conclusion
that the impact is unavoidable, and neither OCII nor the City can make the findings required by
CEQA section 21081.

Also, Mitigation Measures M-TR-5a and 5b are not assured to be effective because they
are unenforceable.  The language “the project sponsor shall work with” requires a process, not a
result.  Therefore, the conclusion the impact is substantially reduced is unsupported.  There is
also no good reason for the SEIR to propose mitigations that are unenforceable, and therefore,
illusory.28

In the MMRP attached to OCII Resolution 2015-70, Mitigation Measure M-TR-5b is worded the same as27

in the DSEIR, stating: “As a mitigation measure to accommodate transit demand to and from the North Bay
following weekday and weekend evening events, the project sponsor shall work with the Ballpark/Mission
Bay Transportation Coordinating Committee to consult with Golden Gate Transit and WETA to provide
additional ferry and/or bus service from San Francisco following weekday and weekend evening events. The
need for additional service shall be based on surveys of event center attendees conducted as part of the
TMP.” (MMRP, p. 8 (underscore added).)

Under CEQA, when approving a project with potentially significant adverse environmental effects, the lead28

agency must ensure that measures intended to substantially reduce such impacts are “fully enforceable
through permit conditions, agreements, or other measures.” (Pub. Resources Code, § 21081.6, subd. (b).)
“The purpose of these requirements is to ensure that feasible mitigation measures will actually be
implemented as a condition of development, and not merely adopted and then neglected or disregarded.”
(Federation of Hillside & Canyon v. City of Los Angeles (“Federation”) (2000) 83 Cal.App.4th 1252, 1261;
accord, Katzeff v. California Dept. of Forestry and Fire Protection (2010) 181 Cal.App.4th 601, 612
(Katzeff) [“any mitigation required by CEQA or the FPA could be nullified simply by the passage of time.
... The conflict between this result and the intent of CEQA is self-evident”]; Lincoln Place Tenants
Association v. City of Los Angeles (2005) 130 Cal.App.4th 1491 (Lincoln Place).)
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(c) With Giants Game:  Muni. 

The SEIR states:

Impact TR-13:  The proposed project could result in a substantial increase in
transit demand that could not be accommodated by adjacent Muni transit capacity
such that significant adverse impacts to Muni transit service would occur under
Existing plus Project conditions with an overlapping SF Giants evening game at
AT&T Park. (Less than Significant with Mitigation) (DSEIR, 5.2-183.)

Mitigation Measure M-TR-13:  Additional Muni Transit Service during
Overlapping Events.  As a mitigation measure to accommodate Muni transit
demand to and from the project site and AT&T Park on the T Third light rail line
during overlapping evening events, the project sponsor shall work with the
Ballpark/Mission Bay Transportation Coordinating Committee to coordinate with
the SFMTA to provide additional shuttle buses between key Market Street
locations and the project.  Examples of the additional service include Muni bus
shuttles between Union Square and/or Montgomery BART/Muni station and the
project site. The need for additional Muni service shall be based on characteristics
of the overlapping events (e.g., projected attendance levels, and anticipated start
and end times). (DSEIR, 5.2-184 (underscore added.)29

Mitigation Measure M-TR-13 is not assured to be effective because it is unenforceable. 
The language “the project sponsor shall work with” requires a process, not a result.  Therefore,
the conclusion the impact is “less than significant with mitigation” is unsupported.   

(d) With Giants Game:  Regional Transit Services (BART, Caltrain, Golden
Gate Transit Buses, Ferries).

The SEIR states:

Impact TR-14:  The proposed project would result in a substantial increase in

In the MMRP attached to OCII Resolution 2015-70, Mitigation Measure M-TR-13 is worded the same as29

in the DSEIR, stating: “ As a mitigation measure to accommodate Muni transit demand to and from the
project site and AT&T Park on the T Third light rail line during overlapping evening events, the project
sponsor shall work with the SFMTA and the Ballpark/Mission Bay Transportation Coordinating Committee
to provide enhanced Muni light rail service and/or shuttle buses between key Market Street locations and the
project.  Examples of the enhanced service include Muni bus shuttles between Union Square and/or Powell
Street BART/Muni station and the project site. The need for enhanced Muni service shall be based on
characteristics of the overlapping events (e.g., projected attendance levels, and anticipated start and end
times).” (MMRP, p. 15-16 (underscore added).)
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transit demand that could not be accommodated by regional transit such that
significant adverse impacts to regional transit service would occur under Existing
plus Project conditions with an overlapping SF Giants evening game at AT&T
Park. (Significant and Unavoidable with Mitigation) (DSEIR, 5.2-184.)

Implementation of Mitigation Measure M-TR-5a:  Additional Caltrain Service,
Mitigation Measure M-TR-5b:  Additional North Bay Ferry and Bus Service, and
Mitigation Measure MTR-14:  Additional BART Service to the East Bay during
Overlapping Events would reduce or minimize the severity of the capacity
utilization exceedances for the regional transit service providers, and would not
result in secondary transportation impacts.  However, since the provision of
additional East Bay, South Bay, and North Bay service is uncertain and full
funding for the service has not yet been identified, implementation of these
mitigation measures remain uncertain.  Accordingly, the proposed project’s
significant impacts to BART, Caltrain, Golden Gate Transit and WETA transit
capacity would be significant and unavoidable with mitigation. 

Mitigation Measure M-TR-5a:  Additional Caltrain Service during Events (see
Impact TR-5, above) [ ]

Mitigation Measure M-TR-5b:  Additional North Bay Bus and Ferry Service
during Events (see Impact TR-5, above) [ ] 

Mitigation Measure M-TR-14:  Additional BART Service to the East Bay during
Overlapping Events.  As a mitigation measure to accommodate transit demand to
the East Bay following weekday and weekend evening events, the project sponsor
shall work with the Ballpark/Mission Bay Transportation Coordinating
Committee to coordinate with BART to provide additional service from San
Francisco following weekday and weekend evening events. The additional East
Bay BART service could be provided by operating longer trains. The need for
additional BART service shall be based on characteristics of the overlapping
events (e.g., event type, projected attendance levels, and anticipated start and end
times).  (DSEIR, 5.2-185.)30

In the MMRP attached to OCII Resolution 2015-70, Mitigation Measure M-TR-14 is worded the same as30

in the DSEIR, stating: “As a mitigation measure to accommodate transit demand to the East Bay following
weekday and weekend evening events, the project sponsor shall work with the Ballpark/Mission Bay
Transportation Coordinating Committee to consult with BART to provide additional service from San
Francisco following weekday and weekend evening events. The additional East Bay BART service could
be provided by operating longer trains. The need for additional BART service shall be based on
characteristics of the overlapping events (e.g., event type, projected attendance levels, and anticipated start
and end times).” (MMRP, p. 16 (underscore added).)
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There is no evidence these mitigation measures are infeasible, and therefore no evidence
to support the conclusion that they are uncertain (and therefore ineffective), other than the failure
of the EIR to explore the possibility of making the Project Sponsor pay for these measures to
make them certain and effective.  There is certainly no evidence that making the Project Sponsor
pay for these measures is infeasible.  Therefore, there is no evidence to support the conclusion
that the impact is unavoidable, and neither OCII nor the City can make the findings required by
CEQA section 21081.

Also, Mitigation Measure M-TR-14 is not assured to be effective because it is
unenforceable.  The language “the project sponsor shall work with” requires a process, not a
result.  Therefore, the conclusion the impact is substantially reduced is unsupported.  There is
also no good reason for the SEIR to propose mitigations that are unenforceable, and therefore,
illusory.

3. The SEIR’s Project Description Regarding the Local Hospital Access Plan Is
Uncertain. 

After the close of comment on the DSEIR, the Project Sponsor changed the project
description to include a Local Hospital Access Plan.

As described on SEIR p. 5.2-55, the TMP is a working document that would be
expanded and refined over time by the project sponsor and City agencies involved
in implementing the TMP. If the project is approved, the requirement to
implement and update the TMP would be  incorporated into the project Mitigation
Monitoring and Reporting Program (MMRP) as an enforceable condition of
approval.  Subsequent to the publication of the Draft SEIR, the City and project
sponsor have been working with UCSF and neighbors to add detail to the project
TMP to better address concerns related to local access in the Mission Bay area
prior to evening events. These refinements include: Development of a
Local/Hospital Access Plan— The TMP would be expanded to include a
Local/Hospital Access Plan (L/HAP) to facilitate movements in and out to
residents and employees in the UCSF and Mission Bay Area. The L/HAP would
be implemented by SFMTA for the pre-event period for all large weekday evening
events at the event center (i.e., those events with more than 12,500 attendees that
start between 6:00 and 8:00 p.m., on average, approximately 50 times per year).
The L/HAP would be configured to discourage event attendees arriving by car
from using portions of Fourth Street, Owens Street, UCSF campus internal roads
such as Nelson Rising Lane, Campus Lane, Fifth Street, and local residential
streets. As part of the L/HAP, special temporary and permanent signage would be
positioned at appropriate locations to direct event traffic towards designated
routes in order to access off-street parking facilities serving the event center and
away from streets within the Local/Hospital Access Plan network. In addition,
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three PCOs would be stationed at key intersections (i.e., Fourth/16th,
Owens/Mission Bay Traffic Circle, and Fourth/Nelson Rising Lane) before the
start of an event to facilitate local driver access to their destinations. These three
additional PCOs would also be available after the event to be positioned at the
most effective locations to direct outbound pedestrians, bicyclists, and vehicles, as
determined by the PCO Supervisor.

(SEIR, Vol. 4, p. 12-9.)

This new piece of the project description is "uncertain" and, therefore, unlawful under
CEQA, because it does not specify how the PCO’s will carry out their mandate.  If the PCOs are
effective in preventing Arena traffic from using the “hospital” streets, it will makes traffic worse
on the remaining streets by forcing Arena patrons into fewer streets, and by backing up traffic
while they interview drivers for their hospital bona fides; but the SEIR does not assess this
impact.  Alternatively, the PCOs may be ineffective in protecting hospital access streets form
Arena patrons, in which case the Project’s impact on hospital access remains significant.

C. WATER QUALITY AND BIOLOGICAL IMPACTS. 

The Alliance contends the SEIR’s conclusion that the Project’s cumulative CSD impacts
on the Bay are less-than-significant is unsupported and based on legal error and that it fails to
analyze or develop mitigation measures to reduce the Project’s likely contribution of a suite of
toxic chemicals, including PCBs, to San Francisco Bay in amounts deleterious to the Bay’s biota.
(Nov 30 Lippe Partial Brief, pp. 87-92.)

The OCII brief continues to defend these claims by relying on Best Management Practices
to contain PCB pollution from the site and on City compliance with its NPDES permit.  These
rationales are further questioned in the correspondence from BSK Associates attached as exhibit
4, 5, and 6, and incorporated by this reference.

The OCII also continues to obscure the serious deficiencies in its oversight of the
hazardous waste remedial activities at and around the project site, and its failure to apply or
document compliance with previously-imposed mitigation measures from the 1998 SEIR.  The
City claims that the future activities at the project site would be compliant without demonstrating
that it has been able to follow the prior mitigation measures up to this date.  Yet the public
cannot rely on the City’s assertions that these mitigation measures will be effective if they are not
being applied consistently and documented.  

Exhibit 4 describes the BSK review of the PCB findings that were disclosed after the
DSEIR was prepared, and rejects the City’s assertion that toxic contamination was either not
widespread or that the offered Best Management Practices were sufficient  to reduce these
impacts below significance. Exhibit 5 documents pattern and practice of both the City and the
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San Francisco Regional Water Quality Control Board to fail to require the appropriate permitting
and CEQA mitigation measures for current activities at or around the site.  The failure to follow
these measures, even after repeated requests to follow their own regulations, demonstrates that
they are unwilling or unable to provide and maintain previously required mitigation measures to
protect the environment.

D. THE WARRIORS’ MASS LIBEL OF THE ALLIANCE’S CONSULTANTS
SHOULD BE DISREGARDED.

The Warriors appeal brief includes a November 30, 2015, letter by David Kelly.  This
letter includes a sweeping libel directed at the Alliance’s consultants, stating:

“In fact, these consultants are generally hired by economic interests, such as
business competitors, in order to use the CEQA process to force economic
concessions, or to obstruct projects that pose a competitive threat. Their
credibility as experts should, in our view, be taken with a very large grain of salt.” 

(November 30, 2015 Kelly letter, p. 2.)  The remarkable feature of Mr. Kelly’s attack on these
consultant’s credibility is that it is not supported by one shred of evidence.   The Alliance is also31

surprised and disappointed that, rather than address the specific technical issues raised by these
consultants, the Warriors instead resort to an ad hominem attack on these gentlemen. 

Mr. Kelly’s letter also includes, as Exhibit B, a letter authored by Warriors’ counsel, Whit
Manley, purporting to provide information about two of the Alliance’s consultants, Dan Smith
and Phillip King (“RTMM Letter”).  While this attack does not warrant a lengthy response, the
Alliance provides the following information, as well as a letter from Mr Smith (Exhibit 7), to
confirm that these consultants are reputable experts in their respective fields.

Mr. Manley’ recitation of cases involving Mr. Smith and Mr. King is anecdotal and has
no evidentiary value; and it relates to “collateral matters” that would take up too much time to
fully explore even they were marginally relevant.  Mr. Manley’s storytelling appears to be aimed
at providing an impression that these consultants have never been right.  Yet both of these
consultants have decades of experience.  The small sample contained in the RTMM Letter does
not provide thorough accounting of all their work, nor is one required.  Thus, Mr. Manley's
purported evidence is not probative of any relevant fact because it is selective and incomplete.

Mr. Manley’s premise, that “Mr. Smith was hired to challenge” the four listed projects, is

It is also based on a legally incorrect insinuation that  there is something wrong with business31

competitors or labor unions enforcing CEQA. (See Save the Plastic Bag Coalition v. City of
Manhattan Beach (2011) 52 Cal.4th 155, 167; Bakersfield Citizens for Local Control v. City of
Bakersfield (2004) 124 Cal. App. 4th 1184, 1196.)
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both rhetorical and speculative.  Since Mr. Manley did not retain Mr. Smith regarding these
projects, he has no knowledge of the purpose for which Mr. Smith’s clients hired him.  In
contrast, I can and do testify that I have hired Mr. Smith to advise me regarding the informational
sufficiency of CEQA documents for several projects and not once have I retained him “to
challenge” a project.  

Perhaps Mr. Manley is thinking of his own conduct.  In 2007, on behalf of his clients, the
cities of Tustin and Newport Beach, Mr. Manley retained Mr. Smith for a two year period to
review at least a dozen EIRs prepared by the City of Irvine for development projects. Perhaps Mr.
Manley believed he was hiring Mr. Smith to “challenge” those EIRs, but Mr. Smith believed he
was being consulted for his expertise, not his advocacy. (See Exhibit 7.)

Mr. Manley’s purported evidence is not probative of any relevant fact because it is
selective and unrepresentative of Mr. Smith’s consulting practice.  For example, Mr. Smith has
helped prepare hundreds of EIRs.  Also, Mr. Smith has been retained by opponents of
development projects to review many CEQA projects where he found no transportation issues
under CEQA worth criticizing. (Exhibit 7.)  Indeed, this author has consulted Mr. Smith
regarding several cases where Mr. Smith advised me there were no transportation related flaws in
the lead agency’s CEQA compliance.

Mr. Manley’s purported evidence does not account for the many CEQA cases where the
project sponsor withdrew the project application, where Mr. Smith’s clients decided not to file
litigation because the project sponsor changed the project or its environmental analysis to address
their concerns, or where Mr. Smith’s clients settled their litigation short of judgment.  I have
personally retained Mr. Smith on cases that resolved by the first and third of these methods. 

The Warriors’ clumsy mass libel shows it is they, not these hard working consultants,
who lack credibility.

Thank you for your attention to the information contained in this letter.

Very Truly Yours,

Thomas N. Lippe

Enclosures



Angela Calvillo
Clerk of the Board of Supervisors
Reply Brief Re Appeal of SEIR for the Warriors Arena Project
December 8, 2015
Page 18

List of Exhibits

Exhibit 1: Paul Rosenfeld and Jessie Jaeger, December 6, 2015.

Exhibit 2: Bar Chart showing Project’s cumulative TAC impacts if regional and global
sources are included.

Exhibit 3: “Technical Support Document for Cancer Potency Factors.” OEHHA, May 2009,
cited at page 7, note 12, of Exhibit 1 (Dec 6 Jaeger). 

Exhibit 4: December 7, 2015, letter to Patrick Soluri from Erik Ringelberg and Martin Cline
re PCB contamination. 

Exhibit 5: December 7, 2015, letter to Patrick Soluri from Erik Ringelberg and Kurt Balasek
re the misplaced reliance on NPDES permit.

Exhibit 6: December 4, 2015, email to SFRWQCB from Erik Ringelberg re asbestos. As
referenced in Exhibit 5.

Exhibit 7: December 7, 2015, letter from Dan Smith to Tom Lippe.

List of Maps

Map 1: Map of Traffic Study Areas in CEQA Documents for Nearby Projects.

Map 2: Map of Potentially Impacted Intersections in Expanded Study Area.

Map 3: Map of Traffic Study Areas in CEQA Documents for Nearby Projects With
Potentially Impacted Intersections in Expanded Study Area. 

T:\TL\Mission Bay\Administrative Proceedings\LOTNL Docs\C027e reply to BOS re EIR Appeal Hrg.wpd



EXHIBIT 1



1 

2656 29th Street, Suite 201 
Santa Monica, CA 90405 

Matt Hagemann, P.G, C.Hg. 
 (949) 887-9013 

mhagemann@swape.com 
December 6, 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 Office of Community Investment and Infrastructure’s (OCII) November 30, 2015 

Appeal of Certification of Final Subsequent Environmental Impact Report (“OCII Appeal Brief”) for the 

Event Center and Mixed-Use Development Project at Mission Bay Blocks 29-32 (“Project”). The OCII 

Appeal Brief contains responses to comments (“Responses”) we made in a November 2, 2015 letter.   

We find the Responses provided in the OCII Appeal Brief to be insufficient in addressing the Project’s 

individual health risk impacts and maintain that the significance determinations made in the Subsequent 

Environmental Impact Report (SEIR) are not representative of the Project’s individual impact to health 

risk.   

Cumulative Impact Analysis Fails to Account for All Past, Present and Future Sources 
In a November 2 letter, we found that the health risk assessment (HRA) conducted in the SEIR greatly 

underestimates the Project’s cumulative health risk impacts, as it fails to account for all past, present, 

and foreseeable future sources of toxic air contaminants (TACs). Specifically, we found that the citywide 

model relied upon to determine cumulative risks failed to include local impacts from mobile-source 

emissions and impacts from future developments located within the vicinity of the Project. While the 

OCII Appeal Brief rejects these assertions, we maintain that the SEIR fails to assess the cumulative risk 

from all future foreseeable sources near the Project site.  

Local Mobile-Source Emissions 

As previously stated, the ambient background health risk values, relied upon by the SEIR, 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 

EXHIBIT 1
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Documentation.1  According to this report, only direct emissions from on-road mobile sources on 

freeways and streets with traffic volumes of more than 1,000 vehicles per day were modeled.2 The 

Project site is not located near any major freeways or streets that meet the above criteria; as a result, 

local impacts from mobile-source emissions within the Project vicinity, while that traffic is using smaller 

roadways in the Project vicinity, were not accounted for.  Therefore, the assertion made in the OCII 

Appeal Brief that the City-wide HRA database includes health risk from all on-road mobile sources is 

incorrect (p. D-235).  

 

Furthermore, the Citywide modeling did not evaluate the foreseeable localized increases in risk due to 

indirect mobile-source emissions generated by specific, large development projects, which will 

disproportionately affect receptors in their immediate vicinity.3  As was discussed in our November 2 

letter, 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 increasing the 

amount of diesel particulate matter (DPM) and TAC emissions nearby sensitive receptors would be 

exposed to.  According to the Mission Bay plan 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).4  

 

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 

 

The traffic generated by these developments will significantly increase the traffic volumes on the 

roadways immediately adjacent to the Project, and as a result, will have foreseeable adverse effects. 

Once construction of the proposed Mission Bay developments are completed, the DPM and TAC 

                                                           
1 “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  
2 “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 
3 “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 
4 “Final Mission Bay Subsequent Environmental Impact Report.” San Francisco Planning Department, September 
17, 1998, available at: http://www.sfocii.org/index.aspx?page=61  

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
http://www.sfocii.org/index.aspx?page=61
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emissions from operational mobile-sources alone could result in a potentially significant impact on local 

health risk. 

 

The San Francisco Community Risk Reduction Plan: Technical Support Documentation recognizes the 

substantial health risk impacts that roadway emissions can have on nearby sensitive receptors, stating 

that “highways and surface streets in San Francisco are a significant source of fine PM and TAC air 

pollution.  Emissions from cars and trucks in the urban environments occur in close proximity to 

sensitive receptors and have been shown to have a high ratio of inhaled to emitted pollutants.”5  

Therefore, by failing to account for mobile-source emissions on streets with traffic volumes of less than 

1,000 vehicles per day, and from the specifically foreseeably increased traffic volumes in the Mission Bay 

Area, the Project’s cumulative health risk impact is greatly underestimated.  

 

Emissions from Construction of Future Developments 

We also pointed out in our November 2 letter that the SEIR did not include emissions from construction 

of future developments in its cumulative health risk assessment.  The OCII Appeal Brief responded to 

this concern, stating, “at this time, it would be speculative to estimate impacts due to construction 

slated for 2025 or even within the next five years, as detailed emissions and activity inventories are not 

yet available” (p. D-236). This statement, however, is incorrect. As was discussed in our November 2 

letter, the citywide model estimated risks from major construction projects approved at time of 

modeling, including ones at Mission Bay.  The Technical Support Documentation for the Citywide 

modeling data specifically identifies Mission Bay as one of several major construction projects for which 

it modeled construction impacts for 2010 and 2025 based on assumptions in its EIR: 6 

Major multi-year projects included residential projects, commercial/office/retail mixed use 

projects, and major transportation projects. The San Francisco Planning Department (SFPLAN) 

and review of Environmental Impact Reports (San Francisco County Transportation 

Authority2007, SFPLAN 2008, San Francisco Redevelopment Agency 2010, San Francisco County 

Transportation Authority 2011, San Francisco Metropolitan Transportation Agency 2012, 

Transbay Center Joint Powers Agency 2012) provided a list of major projects that were 

constructed partially or fully during 2010 including:  

 

 Transbay Terminal Demolition,  

 Central Subway utility work,  

 Presidio Parkway (Doyle Drive) construction,  

                                                           
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, p. 5 
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, pp. 23-24. 

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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 Mission Bay,  

 Bayview Hunters Point, and  

 Exploratorium at Pier 15/17.  

 

The District developed a construction equipment list and construction periods for each of the 

major projects based on environmental clearance reports and photographs. Emissions were 

then estimated for each piece of equipment using emission factors and load factors taken from 

CARB’s OFFROAD model (CARB 2010), which includes revisions to activity levels, load factors, 

and populations of construction equipment in California. Only equipment that is expected to be 

used during the modeling year was included in the emissions estimates. [] 

 

The future year emissions for 2025 were more difficult to quantify in comparison to 2010 due to 

less concrete data sources, such as construction reports and photographs. To estimate potential 

emissions for construction activities in 2025, the District focused on large, multi-phase projects 

that are already approved for construction by San Francisco Planning. Emissions were estimated 

for the following multi-phase projects in 2025 (SFPLAN 2009b, SFPLAN 2010b, SFPLAN 2010d): 

 

 Park Merced  

 Mission Bay  

 Treasure Island  

 Candlestick Point - Hunters Point  

 

Emission estimates were determined by reviewing the published Environmental Impact Report 

for each project (see Table 11). Since each of these project emissions were estimated prior to 

the 2010 release of CARB’s updated off-road emissions model, the District reduced the 

emissions by 33%, the average correction determined by CARB based on reduction in load 

factors.  

 

 
 

The results of this analysis of construction impacts, however, were not included in the total citywide 

model.  The San Francisco Community Risk Reduction Plan: Technical Support Documentation report 
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states, “Health risk estimated from the emissions of construction projects are for informational 

purposes only and were not included in the city-wide assessment.”7 

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 2025.8  

 
Therefore, it is not “speculative” to include impacts from construction of foreseeable future 

developments, nor is the data unavailable, as is suggested in the OCII Appeal Brief.  As is demonstrated 

in the figures below, construction of past projects within Mission Bay in 2010 (Figure A) and construction 

of future foreseeable projects within Mission Bay in 2025 (Figure B) have an estimated health risk 

impact of 10 – 20 in one million and 20 – 40 in one million, respectively.9 

 

                                                           
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. 23. 
8 “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 
9 “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. 52 

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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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 our November 2 letter, we found that the SEIR failed to incorporate recommended age specific 

inhalation rates set forth by the California Environmental Protection Agency’s Office of Environmental 

Health Hazard Assessment (OEHHA) in their most recent health risk assessment guidelines.  The OCII 

Appeal Brief attempted to justify why the use of these elevated breathing rates was not required, 

stating that they were not available at the time the Notice of Preparation was published (p. D-237).  

Again, this assertion made in the OCII Appeal Brief is incorrect.  

As was discussed in our November 2 letter, 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.10  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.”11  OEHHA recommends the long-

term daily breathing rates in Table 3.1 of this document (see excerpt below).  

                                                           
10 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  
11 http://www.oehha.ca.gov/air/hot_spots/pdf/2012tsd/Chapter3_2012.pdf p. 3-1 

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.  

Age Sensitivity Factors were also formally adopted by OEHHA prior to preparation of the SEIR.  In May 

2009, OEHHA formally adopted the Technical Support Document for Cancer Potency Factors.12  This TSD 

provides the Age Sensitivity Factors (ASF) recommended by OEHHA and the USEPA, stating that “OEHHA 

is applying the ASF of 10 for exposures during the third trimester of pregnancy to age 2…” and an ASF of 

3 for ages 2 to 16.13  The document continues on to state that “this timetable was also selected by U.S. 

EPA (2005) in their supplemental guidance for assessing early-life susceptibility to carcinogens.”14   

Both the elevated breathing rates and Age Sensitivity Factors were formally adopted and made available 

by OEHHA prior to preparation of the SEIR. Since the SEIR incorporated Age Sensitivity Factors into its 

health risk assessment, it should have also considered the use of elevated breathing rates for children.   

The OCII Appeal Brief also claims that since the Project’s health risk assessment utilizes Age Sensitivity 

Factors, the risk estimated in the SEIR is protective of children (p. D-237). This justification as to why the 

use of elevated breathing rates for children is not required, however, is incorrect.  OEHHA recommends 

the use of both elevated breathing rates for children and Age Sensitivity Factors to account for the 

heightened health effects of toxic air contaminant concentrations on younger children relative to adults; 

as such, both factors should be used. According to OEHHA’s updated guidance, “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.”15  Therefore, 

until age-specific breathing rates are used in an updated health risk assessment, the SEIR’s application of 

the Age Sensitivity Factors is improper. 

                                                           
12 “Technical Support Document for Cancer Potency Factors.” OEHHA, May 2009, available at: 
http://www.oehha.ca.gov/air/hot_spots/2009/TSDCancerPotency.pdf  
13 “Technical Support Document for Cancer Potency Factors.” OEHHA, May 2009, available at:  
http://www.oehha.ca.gov/air/hot_spots/2009/TSDCancerPotency.pdf, p. 61 
14 “Technical Support Document for Cancer Potency Factors.” OEHHA, May 2009, available at: 
http://www.oehha.ca.gov/air/hot_spots/2009/TSDCancerPotency.pdf, p. 60 
15 “Risk Assessment Guidelines: Guidance Manual for Preparation of Health Risk Assessment.” OEHHA, February 
2015, available at: http://oehha.ca.gov/air/hot_spots/hotspots2015.html, p. 5-46  
 

http://www.oehha.ca.gov/air/hot_spots/2009/TSDCancerPotency.pdf
http://www.oehha.ca.gov/air/hot_spots/2009/TSDCancerPotency.pdf
http://www.oehha.ca.gov/air/hot_spots/2009/TSDCancerPotency.pdf
http://oehha.ca.gov/air/hot_spots/hotspots2015.html
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Sincerely, 

 

Paul Rosenfeld 

 

Jessie Jaeger  
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EXECUTIVE SUMMARY 

 

The Air Toxics "Hot Spots" Information and Assessment Act (AB 2588, Connelly) was enacted 
in September 1987. Under this Act, stationary sources of air pollution are required to report the 
types and quantities of certain substances their facilities routinely release into the air. The goals 
of the Air Toxics "Hot Spots" Act are to collect emission data, identify facilities having localized 
impacts, ascertain health risks posed by those facilities, notify nearby residents of significant 
risks and reduce emissions from significant sources. 

The Technical Support Document for Cancer Potency Factors (TSD) contains cancer unit risks 
and potency factors for 107 of the 201 carcinogenic substances or groups of substances for which 
emissions must be quantified in the Air Toxics Hot Spots program.  These unit risks are used in 
the cancer risk assessment of facility emissions. 

The purpose of this revision to the TSD is to provide updated calculation procedures used to 
derive the estimated unit risk and cancer potency factors, and to describe the procedures used to 
consider the increased susceptibility of infants and children compared to adults to carcinogens.   
This updates cancer risk assessment methods originally laid out in the California Department of 
Health Services’ Guidelines for Chemical Carcinogen Risk Assessment (CDHS, 1985), and more 
recently summarized in the previous Hot Spots technical support document Part II (OEHHA, 
2005a).  Summaries of cancer potency factors and the underlying data are provided in 
Appendices A and B, which are subject to ongoing updates but were not changed as part of the 
revision process which created this TSD.  

The procedures used to consider the increased susceptibility to carcinogens of infants and 
children as compared to adults include the use of age-specific weighting factors in calculating 
cancer risks from exposures of infants, children and adolescents, to reflect their anticipated 
special sensitivity to carcinogens 

This document is one part of the Air Toxics Hot Spots Program Risk Assessment Guidelines.  
The other documents originally included in the Guidelines are Part I: Technical Support 
Document for the Determination of Acute Toxicity Reference Exposure Levels for Airborne 
Toxicants; Part III: Technical Support Document for Determination of Noncancer Chronic 
Reference Exposure Levels; Part IV: Technical Support Document for Exposure Assessment and 
Stochastic Analysis; Part V: Air Toxic Hot Spots Program Risk Assessment Guidelines.  As a 
part of the same revision process which led to production of this revised TSD on cancer 
potencies, the original TSDs for Acute and Chronic Reference Exposure Levels have been 
replaced with a new unified TSD for Acute, 8-hour and Chronic Reference Exposure Levels. 

The major changes to the TSD include the following: 

 Based on the OEHHA analysis of the potency by lifestage at exposure, OEHHA proposes 
weighting cancer risk by a factor of 10 for exposures that occur from the third trimester 
of pregnancy to 2 years of age, and by a factor of 3 for exposures that occur from 2 years 
through 15 years of age.  We intend to apply this weighting factor to all carcinogens, 
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regardless of purported mechanism of action, unless chemical-specific data exist to the 
contrary.  In cases where there are adequate data for a specific carcinogen of potency by 
age, we would use the data to make any adjustments to risk. 

 OEHHA proposes to use the Benchmark Dose method to compute potency factors rather 
than the more traditional linearized multistage model (LMS), although the LMS will still 
be used in some instances.  The BMDL model essentially uses an empirical fit to the data 
(usually best with the multistage model), and then extrapolates with a straight line from 
the 95% lower confidence limit of the BMD (BMDL) to zero.  This method is simpler 
and does not assume any underlying theoretical mechanisms at the low dose range.  The 
BMDL method results in estimates of potency very similar to those obtained using the 
LMS method. 

 OEHHA will use scaling based on body weight to the ¾ power, rather than to the ⅔ 
power. 

 OEHHA’s evaluations of the carcinogenicity of chemicals generally follow the guidelines 
laid out by IARC for identification and classification of potential human carcinogens, 
which are described in detail in the most recent revision of the Preamble to the IARC 
monographs series (IARC, 2006).   
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PREFACE 

The Air Toxics "Hot Spots" Information and Assessment Act (AB 2588, Connelly) was enacted 
in September 1987. Under this Act, stationary sources are required to report the types and 
quantities of certain substances their facilities routinely release into the air. The goals of the Air 
Toxics "Hot Spots" Act are to collect emission data, identify facilities having localized impacts, 
ascertain health risks posed by those facilities, notify nearby residents of significant risks and 
reduce emissions from significant sources. 

The Technical Support Document for Cancer Potency Factors (TSD) contains cancer unit risks 
and potency factors for 107 of the 201 carcinogenic substances or groups of substances for which 
emissions must be quantified in the Air Toxics Hot Spots program.  These unit risks are used in 
risk assessment of facility emissions.  The TSD provides updated calculation procedures used to 
derive the estimated unit risk and cancer potency factors, and procedures to consider early-life 
susceptibility to carcinogens. Summaries of cancer potency factors and the underlying data are 
provided in Appendices A and B.  

In this document, OEHHA is responding to the requirements of the 1999 Children’s 
Environmental Health Protection Act (SB25, Escutia) by revising the procedures for derivation 
and application of cancer potency factors to take account of general or chemical-specific 
information which suggests that children may be especially susceptible to certain carcinogens 
(OEHHA, 2001a).  The revised cancer potency derivation procedures described will not be used 
to impose any overall revisions of the existing cancer potencies, although they do reflect updated 
methods of derivation.  However, individual cancer potency values will be reviewed as part of 
the ongoing re-evaluation of health values mandated by SB 25, and revised values will be listed 
in updated versions of the appendices to this document as necessary.  The revisions also include 
the use of weighting factors in calculating cancer risks from exposures of infants, children and 
adolescents, to reflect their anticipated special sensitivity to carcinogens.  Similar legal mandates 
to update risk assessment methodology and cancer potencies apply to the OEHHA program for 
development of Public Health Goals (PHGs) for chemicals in drinking water, and Proposition 65 
No Significant Risk Levels (NSRLs).  The NSRLs may also be revised to reflect concerns for 
children’s health.  Revising these numbers will require the originating program to reconsider the 
value in an open public process.  For example, OEHHA would need to release any revised 
potency factors for public comment and review by the Scientific Review Panel on Toxic Air 
Contaminants (SRP) prior to adoption under the TAC program.  The procedures for outside 
parties to request reevaluation of cancer potency values by the programs which originated those 
values are listed in Appendix G.   

Appendices A and B provide previously adopted Cal/EPA values which were included in the 
previous version of the TSD for Cancer Potency Factors (OEHHA, 2005a).  Cal/EPA values 
were developed under the Toxic Air Contaminant (TAC) program, the PHG program, the 
Proposition 65 program, or in some cases specifically for the Air Toxics Hot Spots program. All 
the Cal/EPA values are submitted for public comments and external peer review prior to 
adoption by the program of origin. In the future, new values developed by the Toxic Air 
Contaminants or Hot Spots programs or other suitable sources will be added as these are 
approved.  



TSD for Cancer Potency Factors May 2009 

6 

Some U.S. EPA IRIS cancer unit risk values were adopted under the previous versions of these 
guidelines, and these values will continue to be used unless and until revised by Cal/EPA.  U.S. 
EPA has recently revised its cancer risk assessment guidelines (U.S. EPA, 2005a).  Some of the 
recommended changes in methodology could result in slightly different potency values 
compared to those calculated by the previous methodology, although in practice a number of the 
recommendations (for example, the use of ¾ power of the body weight ratio rather than ⅔ power 
for interspecies scaling) have been available in draft versions of the revised policy for some time 
and appear in many more recent assessments.  U.S. EPA has stated that cancer potency values 
listed in IRIS will not be revisited solely for the purpose of incorporating changes in cancer 
potency value calculation methods contained in the revised cancer risk assessment guidelines. 
U.S. EPA has also issued supplementary guidelines on assessing cancer risk from early-life 
exposure (U.S. EPA, 2005b). 

OEHHA uses a toxic equivalency factor procedure for dioxin-like compounds, including 
polychlorinated dibenzo-p-dioxins, dibenzofurans and polychlorinated biphenyls (PCBs).  The 
Toxicity Equivalency Factor scheme (TEFWHO-97) developed by the World Health 
Organization/European Center for Environmental Health (WHO-ECEH) is used for determining 
cancer unit risk and potency values for these chemicals where individual congener emissions are 
available (Appendix C). 

This document is one part of the Air Toxics Hot Spots Program Risk Assessment Guidelines.  
The other documents originally included in the Guidelines are Part I: Technical Support 
Document for the Determination of Acute Toxicity Reference Exposure Levels for Airborne 
Toxicants; Part III: Technical Support Document for Determination of Noncancer Chronic 
Reference Exposure Levels; Part IV: Technical Support Document for Exposure Assessment and 
Stochastic Analysis; Part V: Air Toxic Hot Spots Program Risk Assessment Guidelines.  As a 
part of the same revision process which led to production of this revised TSD on cancer 
potencies, the original TSDs for Acute and Chronic Reference Exposure Levels have been 
replaced with a new unified TSD for Acute, 8-hour and Chronic Reference Exposure Levels.   
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APPENDICES 
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dibenzofurans and dioxin-like polychlorinated biphenyls. 

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. 
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Hazard Assessment Branch. 

 



TSD for Cancer Potency Factors May 2009 

9 

INTRODUCTION 

The Technical Support Document (TSD) for Describing Available Cancer Potency Factors 
provides technical information support for the Air Toxics Hot Spots Program Risk Assessment 
Guidelines.  The TSD consists of 12 sections: 

1. The TSD introduction. 

2. A description of the methodologies used to derive the unit risk and cancer potency 
values listed in the lookup table. 

3. A lookup table containing unit risk and cancer potency values. (Appendix A) 

4. Chemical-specific summaries of the information used to derive unit risk and cancer 
potency values. (Appendix B). 

5. 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 (Appendix C). 

6. A listing of Toxic Air Contaminants identified by the California Air Resources Board 
(Appendix D). 

7. Descriptions of the International Agency for Research on Cancer (IARC) and U.S.  
Environmental Protection Agency (U.S. EPA) carcinogen classifications (Appendix 
E). 

8. An asbestos quantity conversion factor for calculating asbestos concentrations 
expressed as 100 fibers/m3 from asbestos concentrations expressed as µg/m3 
(Appendix F). 

9. Procedures for revisiting or delisting cancer potency factors by the program of origin 
(Appendix G). 

10. Exposure routes and studies used to derive cancer unit risks and slope factors 
(Appendix H). 

11. “Assessing susceptibility from early-life exposure to carcinogens”: Barton et al., 2005 
(from Environmental Health Perspectives) (Appendix I). 

12. “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 (Appendix J) 
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SELECTION OF CANCER POTENCY VALUES 
 

The Office of Environmental Health Hazard Assessment (OEHHA) has developed a number of 
cancer potencies for use in the Toxic Air Contaminants and Air Toxics Hot Spots programs.  
This document also provides summaries of cancer potency factors which were originally 
developed for other California Environmental Protection Agency (Cal/EPA) programs, or by the 
U.S. EPA.  These were reviewed for accuracy, reliance on up-to-date data and methodology, and 
applicability in the context of the Air Toxics Hot Spots program.  Values found appropriate were 
adopted after public and peer review rather than devoting the resources necessary for a full de 
novo assessment.  Thus, cancer potency values (CPF) included in the Technical Support 
Document (TSD) for Cancer Potency Factors were from the following sources: 

1. Toxic Air Contaminant documents  

2. Standard Proposition 65 documents 

3. U.S.EPA Integrated Risk Information Systems (Office of Health and Environmental 
Assessment, U.S.EPA) 

4. Expedited Proposition 65 documents 

5. Other OEHHA assessments , for example for the drinking water program. 

All the cancer potency value sources used generally follow the recommendations of the National 
Research Council on cancer risk assessment (NRC, 1983, 1994).  All Cal/EPA program 
documents undergo a process of public comment and scientific peer review prior to adoption, 
although the procedures used vary according to the program. The publication procedure for 
Toxic Air Contaminant documents includes a public comment period and review by the 
Scientific Review Panel on Toxic Air Contaminants (SRP) before identification of a Toxic Air 
Contaminant by the Air Resources Board of the California Environmental Protection Agency 
(Cal/EPA).  Furthermore, a petition procedure is available to initiate TAC document review and 
revision if appropriate because of new toxicity data.  Documents developed for the Air Toxics 
Hot Spots program similarly undergo public comment and peer review by the SRP before 
adoption by the Director of OEHHA.  The standard Proposition 65 document adoption procedure 
includes a public comment and external peer review by the Proposition 65 Carcinogen 
Identification Committee.  The expedited Proposition 65 document adoption procedure included 
a public comment period.  Risk assessments prepared for development of Public Health Goals 
(PHGs) for chemicals in drinking water are subject to two public comment periods before the 
final versions and responses to comments are published on the OEHHA Web site.  PHG 
documents may also receive external peer review.  Documents from U.S. EPA’s Integrated Risk 
Information System (IRIS) receive external peer review and are posted on the Internet for public 
viewing during the external peer review period, and any public comments submitted are 
considered by the originating office.  Additionally, public comment may be solicited during the 
document posting period.  Future preference for use of developed cancer potency factors/unit 
risks will be done on a case by case basis.  Preference will be given to those assessments most 
relevant to inhalation exposures of the California population, to the most recent derivations using 
the latest data sets and scientific methodology, and to those having undergone the most open and 
extensive peer review process. 
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CANCER RISK ASSESSMENT METHODOLOGIES 

This section describes in general the methodologies used to derive the cancer unit risk and 
potency factors listed in this document.  As noted in the Preface to this document, no new cancer 
unit risks or potency factors were developed for this document.  All of the values contained here 
were previously developed in documents by Cal/EPA or U.S. EPA.  Following the 
recommendations of the National Academy of Sciences (NRC, 1983), Cal/EPA and U.S. EPA 
have both used formalized cancer risk assessment guidelines, the original versions of which 
(California Department of Health Services, 1985; U.S. EPA, 1986) were published some time 
ago.  Both these guidelines followed similar methodologies.   

In the twenty years since these original guidelines were published there have been a number of 
advances in the methodology of cancer risk assessment.  There have additionally been 
considerable advances in the quantity of data available not only from animal carcinogenesis 
bioassays and epidemiological studies, but also from mechanistic studies of carcinogenesis and 
related phenomena.  Some of these advances have been incorporated into newer risk assessments 
by both agencies on a more or less ad hoc basis.  There has also been an ongoing effort to 
provide updated risk assessment guidance documents.  In 1995, U.S. EPA released for public 
comment the "Proposed and Interim Guidelines for Carcinogen Risk Assessment", which was 
the first of several drafts released for public comment.  Many risk assessments appearing since 
then have used elements of the recommendations contained in that document, in spite of its draft 
status.  A final version of the U.S. EPA’s revised cancer risk assessment guidelines has now been 
released (U.S. EPA, 2005a).  Although these new guidelines incorporate a number of substantial 
changes from their predecessors (U.S. EPA, 1986; 1995), U.S. EPA has stated that cancer 
potency values listed in IRIS will not be revisited solely for the purpose of incorporating changes 
in cancer potency value calculation methods. 

Cal/EPA has not produced a revised cancer risk assessment guideline document to replace the 
original version (DHS, 1985).  Rather, Cal/EPA has relied on incorporating new data and 
methodologies as these became available, and described the methods used on a case by case 
basis in the individual risk assessment documents where these went beyond the original 
guidance.  However, this revision of the TSD for cancer potencies provides a convenient 
opportunity to summarize the current status of the methodology used by OEHHA for the air 
toxics programs, and also to highlight points of similarity to, and difference from, the 
recommendations of U.S. EPA (2005a). 

In this document, OEHHA intends to follow the recommendations of the NRC (1994) in 
describing a set of clear and consistent principles for choosing and departing from default cancer 
risk assessment options.  NRC identified a number of objectives that should be taken into 
account when considering principles for choosing and departing from default options.  These 
include, “protecting the public health, ensuring scientific validity, minimizing serious errors in 
estimating risks, maximizing incentives for research, creating an orderly and predictable process, 
and fostering openness and trustworthiness”.  The OEHHA cancer risk methodologies discussed 
in this document are intended to generally meet those objectives cited above. 
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Hazard Identification 

This section will describe: 1) how weight of evidence evaluations are used in hazard evaluation; 
2) guidelines for inferring causality of effect; 3) the use of human and animal carcinogenicity 
data, as well as supporting evidence (e.g., genetic toxicity and mechanistic data); 4) examples of 
carcinogen identification schemes. 

Evaluation of Weight of Evidence 

In evaluating the range of evidence on the toxicity and carcinogenicity of a compound, mixture 
or other agent, a “weight-of-evidence” approach is generally used to describe the body of 
evidence on whether or not exposure to the agent causes a particular effect.  Under this approach, 
the number and quality of toxicological and epidemiological studies, as well as the consistency 
of study results and other sources of data on biological plausibility, are considered.  Diverse and 
sometimes conflicting data need to be evaluated with respect to possible explanations of 
differing results.  Consideration of methodological issues in the review of the toxicological and 
epidemiological literature is important in evaluating associations between exposure to an agent 
and animal or human health effects.  This aspect of the evaluation process has received particular 
emphasis with respect to epidemiological data, where concerns as to the statistical and biological 
significance and reliability of the data and the impacts of confounding and misclassification are 
pressing.  Such concerns are also relevant to some extent in the interpretation of animal bioassay 
data and mechanistic studies.  Although the test animals, laboratory environment and 
characterization of the test agent are usually much better controlled than the equivalent 
parameters in an epidemiological study, the small sample size can be problematic.  In addition, 
there are uncertainties associated with extrapolation of biological responses from test animal 
species to humans. 

Criteria for Causality 

There has been extensive discussion over the last two centuries on causal inference.  This has 
particularly related to epidemiological data, but is also relevant to interpretation of animal 
studies.  Most epidemiologists utilize causal inference guidelines based on those proposed by 
Bradford Hill (1971).  OEHHA has relied on these and on recommendations by IARC (2006), 
the Institute of Medicine (2004), the Surgeon General’s Reports on Smoking (U.S. DHHS, 2004) 
and standard epidemiologic texts (e.g., Lilienfeld and Lilienfeld, 1980; Rothman and Greenland, 
1998).  The criteria for determination of causality used by OEHHA have been laid out in various 
risk assessment documents.  The summary below is adapted from the Health Effects section of 
the document prepared to support the identification of environmental tobacco smoke (ETS) as a 
Toxic Air Contaminant (OEHHA, 2005b). 

1.  Strength of Association.  A statistically significant strong association, which is easier to 
detect if there is a high relative risk, between a factor and a disease is often viewed as an 
important criterion for inferring causality because, all other things being equal, a strong 
and statistically significant association makes alternative explanations for the disease less 
likely.  However, as discussed in Rothman and Greenland (1998), the fact that a relative 
risk is small in magnitude does not exclude a casual association between the risk factor 
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and the outcome in question.  Since it is more difficult to detect (i.e., reach statistical 
significance) a small magnitude risk, it is just as likely to indicate causality as a larger 
magnitude risk.   

When assessing all evidence, it is important to consider the strength of the study design 
(particularly controlling for confounding variables, obtaining an unbiased sample, 
measurement error) and the level of statistical significance (i.e., the ability to exclude a 
Type I [false positive] error).  The power of the study to detect biologically meaningful 
effects (i.e., the risk of a Type II [false negative] error) is important in considering studies 
that do not reach traditional (i.e., P < 0.05) statistical significance, particularly if the 
biological endpoint is serious.  If the outcome is serious and the study small (i.e., low 
power), a larger P value (e.g., P < 0.10) may be adequate evidence for identifying an 
effect. 

There are a number of examples of statistically significant, small magnitude associations 
that are widely accepted as causal, such as causal links between air pollution and 
cardiovascular/pulmonary mortality and between second-hand smoke exposure and 
various cancers and heart disease.  From a public health perspective, even a small 
magnitude increase in risk for a common disease can mean large numbers of people 
affected by the health outcome when exposure is frequent and widespread, as measured 
by the population attributable risk or attributable fraction.  Small magnitude of 
association must not be confused with statistical significance, which is much more 
important.  

2. Consistency of Association.  If several investigations find an association between a factor 
and a disease across a range of populations, geographic locations, times, and under 
different circumstances, then the factor is more likely to be causal.  Consistency argues 
against hypotheses that the association is caused by some other factor(s) that varies 
across studies.  Unmeasured confounding is an unlikely explanation when the effect is 
observed consistently across a number of studies in different populations. 

Associations that are replicated in several studies of the same design or using different 
epidemiological approaches or considering different sources of exposure and in a number 
of geographical regions are more likely to represent a causal relationship than isolated 
observations from single studies (IARC, 2006).  If there are inconsistent results among 
investigations, possible reasons are sought, such as adequacy of sample size or control 
group, methods used to assess exposure, or range in levels of exposure.  The results of 
studies judged to be rigorous are emphasized over those of studies judged to be 
methodologically less rigorous.  For example, studies with the best exposure assessment 
are more informative for assessing the association between ETS and breast cancer than 
studies with limited exposure assessment, all else being equal.   

3. Temporality.  Temporality means that the factor associated with causing the disease 
occurs in time prior to development of the disease.  The adverse health effect should 
occur at a time following exposure that is consistent with the nature of the effect.  For 
example, respiratory irritation immediately following exposure to an irritant vapor is 
temporally consistent, whereas irritation noted only years later may not be.  On the other 
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hand, tumors, noted immediately following exposure, might be temporally inconsistent 
with a causal relationship, but tumors arising after a latency period of months (in rodents) 
or years (in rodents or humans) would be temporally consistent.   

4. Coherence and Biological Plausibility.  A causal interpretation cannot conflict with what 
is known about the biology of the disease.  The availability of experimental data or 
mechanistic theories consistent with epidemiological observations strengthens 
conclusions of causation.  For example, the presence of known carcinogens in tobacco 
smoke supports the concept that exposure to tobacco smoke could cause increased cancer 
risk.  Similarly, if the mechanism of action for a toxicant is consistent with development 
of a specific disease, then coherence and biological plausibility can be invoked.  It should 
be noted that our understanding of the biology of disease, and therefore biological 
plausibility, changes in light of new information which is constantly emerging from 
molecular biology (including epigenetics), and from new clinical and epidemiological 
investigations revealing effects influenced by genetic polymorphisms, pre-existing 
disease, and so forth. 

5. Dose-Response.  A basic tenet of toxicology is that increasing exposure or dose generally 
increases the response to the toxicant.  While dose-response curves vary in shape and are 
not necessarily always monotonic, an increased gradient of response with increased 
exposure makes it difficult to argue that the factor is not associated with the disease.  To 
argue otherwise necessitates that an unknown factor varies consistently with the dose of 
the substance and the response under question.  While increased risk with increasing 
levels of exposure is considered to be a strong indication of causality, absence of a graded 
response does not exclude a causal relationship (IARC, 2006).  

The dose-response curves for specific toxic effects may be non-monotonic.  Under 
appropriate circumstances, where the dose response shows saturation, the effect of 
exposures could be nearly maximal, with any additional exposure having little or no 
effect.  In some instances, a response is seen strongly in susceptible subpopulations, and 
the dose-response is masked by mixing susceptible and non-susceptible individuals in a 
sample.  Further, there are examples of U-shaped or inverted U-shaped dose-response 
curves, (e.g., for endocrine disrupters) (Almstrup et al., 2002; Lehmann et al., 2004).  
Finally, timing of exposure during development may mask an overall increase in risk 
with increasing dose. 

6. Specificity.  Specificity is generally interpreted to mean that a single cause is associated 
with a single effect.  It may be useful for determining which microorganism is 
responsible for a particular disease, or associating a single carcinogenic chemical with a 
rare and characteristic tumor (e.g., liver angiosarcoma and vinyl chloride, or 
mesothelioma and asbestos).  However, the concept of specificity is not helpful when 
studying diseases that are multifactorial, or toxic substances that contain a number of 
individual constituents, each of which may have several effects and/or target sites.   

7. Experimental evidence.  While experiments are often conducted over a short period of 
time or under artificial conditions (compared to real-life exposures), experiments offer 
the opportunity to collect data under highly controlled conditions that allow strong causal 
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conclusions to be drawn.  Experimental data that are consistent with epidemiological 
results strongly support conclusions of causality.  There are also “natural experiments” 
that can be studied with epidemiological methods, such as when exposure of a human 
population to a substance declines or ceases; if the effect attributed to that exposure 
decreases, then there is evidence of causality.  One example of this is the drop in heart 
disease death and lung cancer risk after smoking cessation. 

It should be noted that the causal criteria are guidelines for judging whether a causal 
association exists between a factor and a disease, rather than hard-and-fast rules.  Lilienfeld 
and Lilienfeld (1980) note that “In medicine and public health, it would appear reasonable to 
adopt a pragmatic concept of causality.  A causal relationship would be recognized to exist 
whenever evidence indicates that the factors form part of the complex of circumstances that 
increases the probability of the occurrence of disease and that a diminution of one or more of 
these factors decreases the frequency of that disease.  After all, the reason for determining 
the etiological factors of a disease is to apply this knowledge to prevent the disease.”  
Rothman and Greenland (2005) discuss the complexities of causation and the use of rules and 
deductive methods in causal inference.  They also concur with Bradford Hill and others that a 
determination of causality is a pragmatic conclusion rather than an absolute verdict, and 
advocate that these criteria should be seen as “deductive tests of causal hypotheses”. 

Data Sources 

Human studies: epidemiology, ecological studies and case reports 

The aim of a risk assessment for the California Air Toxics programs is to determine potential 
impact on human health.  Ideally therefore, the hazard identification would rely on studies in 
humans to demonstrate the nature and extent of the hazard.  However, apart from clinical trials of 
drugs, experimental studies of toxic effects in human subjects are rarely undertaken or 
justifiable.  Pharmacokinetic studies using doses below the threshold for any toxic effect have 
been undertaken for various environmental and occupational agents, but are not usually regarded 
as appropriate for suspected carcinogens. 

The human data on carcinogens available to the risk assessor therefore mostly consist of 
epidemiological studies of existing occupational or environmental exposures.  It is easier to draw 
reliable inferences in situations where both the exposures and the population are substantial and 
well-defined, and accessible to direct measurement rather than recall.  Thus, many important 
findings of carcinogenicity to humans are based on analysis of occupational exposures.  
Problems in interpretation of occupational epidemiological data include simultaneous exposure 
to several different known or suspected carcinogens, imprecise quantification of exposures and 
confounding exposures such as active or passive tobacco smoking.  The historical database of 
occupational data has a bias towards healthy white adult males.  Thus, the hazard analysis of 
these studies may not accurately characterize effects on women, infants, children or the elderly, 
or on members of minority ethnic groups.  Nevertheless, the analysis of occupational 
epidemiological studies, including meta-analyses, has proved an important source for 
unequivocal identification of human carcinogens.  
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Epidemiological evidence may also be obtained where a substantial segment of a general 
population is exposed to the material of interest in air, drinking water or food sources.  Rigorous 
cohort and case-control studies may sometimes be possible, in which exposed individuals are 
identified, their exposure and morbidity or mortality evaluated, and compared to less exposed but 
otherwise similar controls.  More often at least the initial investigation is a cross-sectional study, 
where prevalence of exposures and outcomes is compared in relatively unexposed and exposed 
populations.  Such studies are hypothesis-generating, but are important sources of information 
nevertheless, and can often also justify more costly and labor-intensive follow-up cohort and/or 
case-control studies. 

The clinical medical literature contains many case reports where a particular health outcome is 
reported along with unusual exposures that might have contributed to its occurrence.  These 
reports typically describe a single patient or a small group, and have no statistical significance.  
They are nevertheless useful as indications of possible associations that deserve follow-up using 
epidemiological methods, and as supporting evidence, addressing the plausibility of associations 
measured in larger studies. 

Animal studies 

Although the observation of human disease in an exposed population can provide definitive 
hazard identification, adequate data of this type are not always available.  More often, risk 
estimates have to be based on studies in experimental animals, and extrapolation of these results 
to predict human toxicity.  The animals used are mostly rodents, typically the common 
laboratory strains of rat and mouse.   

Rats and mice have many similarities to humans.  Physiology and biochemistry are similar for all 
mammals, especially at the fundamental levels of xenobiotic metabolism, DNA replication and 
DNA repair that are of concern in identifying carcinogens.  However, there are also several 
important differences between rodents and humans.  Rodents, with a short life span, have 
differences in cell growth regulation compared to longer-lived species such as the human.  For 
instance, whereas laboratory investigations have suggested that mutations in two regulatory 
genes (e.g., H-ras and p-53) are sometimes sufficient to convert a rodent cell to a tumorigenic 
state, many human cancers observed clinically have seven or eight such mutations.  In addition, 
cultured normal human cells have a very stable karyotype, whereas cultured rodent cells facilely 
undergo tetraploidization and then aneuploidization in cell culture.  Further, cultured human cells 
senesce and rarely undergo spontaneous immortalization (frequency is 10-7 or less), whereas 
cultured rodent cells facilely undergo immortalization at frequencies on the order of 10-3.  The 
use of genomics to study chemical carcinogenesis is relatively new, but the differences at present 
appear to be a matter of degree rather than kind.   

Differences in regulation of cell division are another likely reason for variation between species 
in the site of action of a carcinogen, or its potency at a particular site.  A finding of 
carcinogenesis in the mouse liver, for instance, is a reasonably good indicator of potential for 
carcinogenesis at some site in the human, but not usually in human liver (Huff, 1999).  The 
mouse liver (and to a lesser extent that of the rat) is a common site of spontaneous tumors.  It is 
also relatively sensitive to chemical carcinogenesis.  The human liver is apparently more 
resistant to carcinogenesis; human liver tumors are unusual except when associated with 
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additional predisposing disease, such as hepatitis B or alcoholic cirrhosis, or exposure to 
aflatoxin B1, or simultaneous exposure to hepatitis B virus and aflatoxin B1.  Conversely, other 
tumor sites are more sensitive in the human than in experimental animals.  Interspecies variation 
in site and sensitivity to carcinogenesis may also arise from differences in pharmacokinetics and 
metabolism, especially for carcinogens where metabolic activation or detoxification is important.  
This variability may cause important differences in sensitivity between individuals in a diverse 
population such as humans.  Variability between individuals in both susceptibility and 
pharmacokinetics or metabolism is probably less in experimental animal strains that are bred for 
genetic homogeneity. 

Animal carcinogenesis studies are often designed to maximize the chances of detecting a positive 
effect, and do not necessarily mimic realistic human exposure scenarios.  Thus extrapolation 
from an experimentally accessible route to that of interest for a risk assessment may be 
necessary.  Even for studies by realistic routes such as oral or inhalation, doses may be large 
compared to those commonly encountered in the environment, in order to counter the limitation 
in statistical power caused by the relatively small size of an animal experiment.  Whereas the 
exposed population of an epidemiological study might number in the thousands, a typical animal 
study might have fifty individuals per exposure group.  With this group size any phenomenon 
with an incidence of less than about 5% is likely to be undetectable.  Statistically significant 
results may be obtained even with groups as small as ten animals per dose group, when incidence 
of a tumor that is rare in the controls approached 100% in a treated group. The consensus 
experimental design for animal carcinogenesis studies, which has evolved over the last 50 years 
of investigation, is represented by the protocol used by the U.S. National Toxicology Program 
(NTP) for studies using oral routes (diet, gavage or drinking water) or inhalation.  These 
carcinogenesis bioassays usually involve both sexes of an experimental species, and most often 
two species.  NTP has standardized the use of the C57BlxC3H F1 hybrid mouse, and the Fischer 
344 rat as the standard test species, although NTP has announced plans to substitute use of the 
Wistar Han rat for the Fischer 344 rat.  There is now an extensive database of background tumor 
incidences, normal physiology, biochemistry, histology and anatomy for these strains, which aids 
in the interpretation of pathological changes observed in experiments.  Nevertheless, there is 
enough variation in background rates of common tumors that the use of concurrent controls is 
essential for hazard identification or dose-response assessment.  “Historical control” data are 
mainly used to reveal anomalous outcomes in the concurrent controls.  The fact that a 
significantly elevated incidence of a tumor relative to the concurrent control group is within the 
range of historical controls at that site for the test sex and strain is not necessarily grounds for 
dismissing the biological significance of the finding. 

Groups of fifty animals of each sex and species are used, with control groups, and several dose 
groups, the highest receiving the maximum tolerated dose (MTD).  Recent study designs have 
emphasized the desirability of at least three dose levels covering a decade with “logarithmic” 
spacing (i.e. MTD, 1/2 MTD or 1/3 MTD, and 1/10 MTD).   This extended design is aimed at 
providing better dose-response information, and may contribute important additional 
information, such as mechanistic insights, for the hazard identification phase.   
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Supporting evidence: genetic toxicity, mechanistic studies 

Investigators have developed additional data sources that can support or modify the conclusions 
of animal carcinogenesis bioassays, and provide information on mechanisms of action of agents 
suspected of being carcinogenic based on epidemiological studies or animal bioassays. 

Genetic damage in exposed organisms includes both gene mutations (point or frameshift), and 
larger scale effects such as deletions, gene amplification, sister-chromatid exchanges, 
translocations and loss or duplication of segments or whole chromosomes.  These genetic effects 
of chemical exposures are deleterious in their own right.  In addition, since carcinogenesis results 
from somatic mutations and similar genetic alterations, agents that cause genetic damage 
generally have carcinogenic potential.  Conversely, many known carcinogens are also known to 
be genotoxic, although there is also a significant class of carcinogens that are not directly 
genotoxic according to the usual tests.  These latter agents presumably work by some other 
mechanism, such as methylation of tumor suppressor genes or demethylation of cellular proto-
oncogenes, although recent genetic studies have shown that even tumors induced by these agents 
may show mutations, deletions or amplification of growth regulatory genes. 

Experimental procedures to demonstrate and measure genetic toxicity may involve exposure of 
intact animals, and examination of genetic changes in, for example, bone marrow cells (or cells 
descended from these, e.g., the micronucleus test, which detects remnants of chromosomal 
fragments in immature erythrocytes), mutations in flies (Drosophila), or appearance of color 
spots in the coat of mice.  However, many tests have employed single celled organisms or 
mammalian cells in culture.  The best known of these tests is the Salmonella reverse mutation 
assay, popularly known as the Ames test after its inventor.  This is representative of a larger class 
of tests for mutagenic activity in prokaryotic organisms (bacteria), which necessarily only look at 
gene-level mutations.  Similar tests in eukaryotic microorganisms (yeasts, Aspergillus) and 
cultured mammalian cells also detect chromosomal effects.  Many tests using microorganisms in 
vitro involve addition of activating enzymes (e.g., liver postmitochondrial supernatant – “S9”) to 
mimic the metabolism of promutagenic chemicals in vivo.  Another type of test examines the 
induction in mammalian cells of morphological transformation or anchorage-independent 
growth.  These two chemically induced, in vitro changes are considered two of the many changes 
that fibroblastic cells must undergo on their route to neoplastic transformation (tumorigenicity).  
These various genetic tests contribute different information, which may be used to amplify and 
confirm conclusions drawn from human studies or animal bioassays, or to draw conclusions in 
the absence of epidemiological or bioassay data.  In the latter case they have also been used in 
prioritizing agents for further evaluation by means of bioassays. 

Carcinogen Identification Schemes 

Some regulatory programs, such as California’s Safe Drinking Water and Toxics Enforcement 
Act (“Proposition 65”) and various activities of the U.S. EPA, require that explicit lists of 
substances having the potential to act as human carcinogens be maintained.  Other such lists are 
developed by non-regulatory research organizations, such as the U.S. National Toxicology 
Program and the International Agency for Research on Cancer (IARC), an international program 
of the World Health Organization.  The California air toxics programs do not have any statutory 
requirement to “identify” carcinogens.  The requirement instead is to identify hazardous 



TSD for Cancer Potency Factors May 2009 

19 

substances as Toxic Air Contaminants, and to determine whether or not a threshold 
concentration, below which no adverse effects are expected, is likely to exist: 

HEALTH AND SAFETY CODE, Division 26 (Air Resources), § 39660.  

 (2) The evaluation shall also contain an estimate of the levels of exposure that may cause 
or contribute to adverse health effects. If it can be established that a threshold of adverse 
health effects exists, the estimate shall include both of the following factors: 

(A) The exposure level below which no adverse health effects are anticipated. 

(B) An ample margin of safety that accounts for the variable effects that heterogeneous 
human populations exposed to the substance under evaluation may experience, the 
uncertainties associated with the applicability of the data to human beings, and the 
completeness and quality of the information available on potential human exposure to the 
substance. In cases in which there is no threshold of significant adverse health effects, the 
office shall determine the range of risk to humans resulting from current or anticipated 
exposure to the substance. 

In practice however this requirement amounts to the need to establish whether or not a substance 
is carcinogenic.  Any such effects are clearly harmful.  Whereas the great majority of non-cancer 
health effects of chemicals are regarded as having a threshold, the default assumption for 
carcinogens is that there is no threshold (as described below).  OEHHA follows the guidelines 
laid out by IARC for identification and classification of potential human carcinogens, which are 
described in detail in the most recent revision of the Preamble to the IARC monographs series 
(IARC, 2006).  The IARC Monograph series provides evaluations of the carcinogenicity of 
individual substances or commonly occurring mixtures.  The evaluation guidelines used are 
similar to those used by other scientific or regulatory authorities, including U.S.EPA. 

The data inputs to hazard identification for carcinogens are human epidemiological studies, 
animal bioassays, along with supporting evidence such as mechanistic and genotoxicity data and 
structure-activity comparisons.  IARC also assembles data on the structure and identity of the 
agent.  The list of agents considered includes specific chemicals and also complex mixtures, 
occupational and lifestyle factors, physical and biological agents, and other potentially 
carcinogenic exposures.  

IARC evaluations determine the quality of evidence for both animal and human evidence as 
falling into one of four categories: sufficient evidence of carcinogenicity, limited evidence of 
carcinogenicity, inadequate evidence of carcinogenicity and evidence suggesting lack of 
carcinogenicity.  Stringent requirements for data quality are imposed.  In view of their crucial 
importance, these definitions are quoted directly from the Preamble (IARC 2006): 

“(a) Carcinogenicity in humans  
Sufficient evidence of carcinogenicity: The Working Group considers that a causal 

relationship has been established between exposure to the agent and human cancer. That 
is, a positive relationship has been observed between the exposure and cancer in studies 
in which chance, bias and confounding could be ruled out with reasonable confidence. A 
statement that there is sufficient evidence is followed by a separate sentence that 



TSD for Cancer Potency Factors May 2009 

20 

identifies the target organ(s) or tissue(s) where an increased risk of cancer was observed 
in humans. Identification of a specific target organ or tissue does not preclude the 
possibility that the agent may cause cancer at other sites.  

Limited evidence of carcinogenicity: A positive association has been observed between 
exposure to the agent and cancer for which a causal interpretation is considered by the 
Working Group to be credible, but chance, bias or confounding could not be ruled out 
with reasonable confidence.  

Inadequate evidence of carcinogenicity: The available studies are of insufficient quality, 
consistency or statistical power to permit a conclusion regarding the presence or absence 
of a causal association between exposure and cancer, or no data on cancer in humans are 
available.  

Evidence suggesting lack of carcinogenicity: There are several adequate studies covering 
the full range of levels of exposure that humans are known to encounter, which are 
mutually consistent in not showing a positive association between exposure to the agent 
and any studied cancer at any observed level of exposure. The results from these studies 
alone or combined should have narrow confidence intervals with an upper limit close to 
the null value (e.g., a relative risk of 1.0). Bias and confounding should be ruled out with 
reasonable confidence, and the studies should have an adequate length of follow-up. A 
conclusion of evidence suggesting lack of carcinogenicity is inevitably limited to the 
cancer sites, conditions and levels of exposure, and length of observation covered by the 
available studies. In addition, the possibility of a very small risk at the levels of exposure 
studied can never be excluded.  

(b) Carcinogenicity in experimental animals  
Carcinogenicity in experimental animals can be evaluated using conventional 

bioassays, bioassays that employ genetically modified animals, and other in-vivo 
bioassays that focus on one or more of the critical stages of carcinogenesis. In the 
absence of data from conventional long-term bioassays or from assays with neoplasia as 
the end-point, consistently positive results in several models that address several stages in 
the multistage process of carcinogenesis should be considered in evaluating the degree of 
evidence of carcinogenicity in experimental animals.  

The evidence relevant to carcinogenicity in experimental animals is classified into one of 
the following categories:  

Sufficient evidence of carcinogenicity: The Working Group considers that a causal 
relationship has been established between the agent and an increased incidence of 
malignant neoplasms or of an appropriate combination of benign and malignant 
neoplasms in (a) two or more species of animals or (b) two or more independent studies 
in one species carried out at different times or in different laboratories or under different 
protocols. An increased incidence of tumours in both sexes of a single species in a well-
conducted study, ideally conducted under Good Laboratory Practices, can also provide 
sufficient evidence.  

A single study in one species and sex might be considered to provide sufficient evidence 
of carcinogenicity when malignant neoplasms occur to an unusual degree with regard to 
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incidence, site, type of tumour or age at onset, or when there are strong findings of 
tumours at multiple sites. 

Limited evidence of carcinogenicity: The data suggest a carcinogenic effect but are limited 
for making a definitive evaluation because, e.g., (a) the evidence of carcinogenicity is 
restricted to a single experiment; (b) there are unresolved questions regarding the 
adequacy of the design, conduct or interpretation of the studies; (c) the agent increases 
the incidence only of benign neoplasms or lesions of uncertain neoplastic potential; or (d) 
the evidence of carcinogenicity is restricted to studies that demonstrate only promoting 
activity in a narrow range of tissues or organs.  

Inadequate evidence of carcinogenicity: The studies cannot be interpreted as showing either 
the presence or absence of a carcinogenic effect because of major qualitative or 
quantitative limitations, or no data on cancer in experimental animals are available.  

Evidence suggesting lack of carcinogenicity: Adequate studies involving at least two 
species are available which show that, within the limits of the tests used, the agent is not 
carcinogenic. A conclusion of evidence suggesting lack of carcinogenicity is inevitably 
limited to the species, tumour sites, age at exposure, and conditions and levels of 
exposure studied.” 

IARC utilizes the evaluations of animal and human data, along with supporting evidence 
including genotoxicity, structure-activity relationships, and identified mechanisms, to reach an 
overall evaluation of the potential for carcinogenicity in humans.  The revised Preamble (IARC, 
2006) includes a description of the data evaluation criteria for this supporting evidence, and 
indications as to the situations where the availability of supporting evidence may be used to 
modify the overall conclusion from that which would be reached on the basis of bioassay and/or 
epidemiological evidence alone.  The overall evaluation is expressed as a numerical grouping, 
the categories of which are described below, as before by directly quoting IARC (2006): 

“Group 1: The agent is carcinogenic to humans.  

This category is used when there is sufficient evidence of carcinogenicity in humans. 
Exceptionally, an agent may be placed in this category when evidence of carcinogenicity 
in humans is less than sufficient but there is sufficient evidence of carcinogenicity in 
experimental animals and strong evidence in exposed humans that the agent acts through 
a relevant mechanism of carcinogenicity.  

Group 2.  

This category includes agents for which, at one extreme, the degree of evidence of 
carcinogenicity in humans is almost sufficient, as well as those for which, at the other 
extreme, there are no human data but for which there is evidence of carcinogenicity in 
experimental animals. Agents are assigned to either Group 2A (probably carcinogenic to 
humans) or Group 2B (possibly carcinogenic to humans) on the basis of epidemiological 
and experimental evidence of carcinogenicity and mechanistic and other relevant data. 
The terms probably carcinogenic and possibly carcinogenic have no quantitative 
significance and are used simply as descriptors of different levels of evidence of human 
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carcinogenicity, with probably carcinogenic signifying a higher level of evidence than 
possibly carcinogenic.  

Group 2A: The agent is probably carcinogenic to humans.  

This category is used when there is limited evidence of carcinogenicity in humans and 
sufficient evidence of carcinogenicity in experimental animals. In some cases, an agent 
may be classified in this category when there is inadequate evidence of carcinogenicity in 
humans and sufficient evidence of carcinogenicity in experimental animals and strong 
evidence that the carcinogenesis is mediated by a mechanism that also operates in 
humans. Exceptionally, an agent may be classified in this category solely on the basis of 
limited evidence of carcinogenicity in humans. An agent may be assigned to this category 
if it clearly belongs, based on mechanistic considerations, to a class of agents for which 
one or more members have been classified in Group 1 or Group 2A. 

Group 2B: The agent is possibly carcinogenic to humans.  

This category is used for agents for which there is limited evidence of carcinogenicity in 
humans and less than sufficient evidence of carcinogenicity in experimental animals. It 
may also be used when there is inadequate evidence of carcinogenicity in humans but 
there is sufficient evidence of carcinogenicity in experimental animals. In some instances, 
an agent for which there is inadequate evidence of carcinogenicity in humans and less 
than sufficient evidence of carcinogenicity in experimental animals together with 
supporting evidence from mechanistic and other relevant data may be placed in this 
group. An agent may be classified in this category solely on the basis of strong evidence 
from mechanistic and other relevant data.  

Group 3: The agent is not classifiable as to its carcinogenicity to humans.  

This category is used most commonly for agents for which the evidence of 
carcinogenicity is inadequate in humans and inadequate or limited in experimental 
animals.  

Exceptionally, agents for which the evidence of carcinogenicity is inadequate in humans 
but sufficient in experimental animals may be placed in this category when there is strong 
evidence that the mechanism of carcinogenicity in experimental animals does not operate 
in humans.  

Agents that do not fall into any other group are also placed in this category.  

An evaluation in Group 3 is not a determination of non-carcinogenicity or overall safety. 
It often means that further research is needed, especially when exposures are widespread 
or the cancer data are consistent with differing interpretations.  

Group 4: The agent is probably not carcinogenic to humans.  

This category is used for agents for which there is evidence suggesting lack of 
carcinogenicity in humans and in experimental animals. In some instances, agents for 
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which there is inadequate evidence of carcinogenicity in humans but evidence suggesting 
lack of carcinogenicity in experimental animals, consistently and strongly supported by a 
broad range of mechanistic and other relevant data, may be classified in this group.” 

The IARC hazard evaluation system provides a detailed and generally accepted scheme to 
classify the strength of evidence as to the possible human carcinogenicity of chemicals and other 
agents.  This includes careful consideration of mechanistic data and other supporting evidence, 
the evaluation of which is also important to inform selection of models or defaults used in dose 
response assessment, as is described below.  The extended consideration of supporting evidence 
is in fact the primary difference between more recent versions of the guidance from IARC, and 
also by other organizations including U.S. EPA, and the original versions of that guidance.  In 
fact, the basic criteria for hazard identification based on bioassay and epidemiological data have 
not changed substantially in other respects from earlier guidance documents, including that 
originally published by California (DHS, 1985).  Although as noted earlier the California Air 
Toxics programs do not categorize identified carcinogens, it has generally been the practice to 
regard any agent with an IARC overall classification in Group 1 or Group 2 as a known or 
potential human carcinogen.  This implies the selection of various policy-based default options, 
including absence of a threshold in the dose-response curve, unless specific data are available to 
indicate otherwise.  The same basic identification criteria are used by OEHHA scientific staff to 
determine the appropriate treatment of agents not evaluated by IARC, or for which newer data or 
revised interpretations suggest that an earlier IARC determination is no longer appropriate. 

U.S. EPA has also proposed a scheme for carcinogen hazard identification and strength of 
evidence classification in their recently finalized Guidelines for Carcinogen Risk Assessment 
(U.S. EPA, 2005).  These principally differ from the IARC guidance in recommending a more 
extensive narrative description rather than simply a numerical identifier for the identified level of 
evidence, and also to some degree in the weight accorded to various types of supporting 
evidence.  However, for most purposes they may be regarded as broadly equivalent to the 
scheme used by IARC, and OEHHA has chosen to cite the IARC (2006) Preamble as 
representing the most up-to-date and generally accepted guidance on this issue. 

Dose Response Assessment 

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 slope factor [“potency” – in units of reciprocal dose - usually 
(mg/kg-body weight.day)-1 or “unit risk” – reciprocal air concentration – usually (μg/m3)-1] for 
the lifetime tumor risk associated with lifetime continuous exposure to the carcinogen at low 
doses.  Cancer potency factors may also be referred to as “cancer slope factors”.  (As will be 
described later, additional algorithms may need to be applied to determine risk for specific age 
groups, or at higher doses where toxicokinetic factors have significant effect.)  The basic 
methodologies recommended in this document are similar to those described by U.S. EPA 
(2005a) in their Carcinogen Risk Assessment Guidelines.  This document therefore refers to U.S. 
EPA (2005a) for explanation of detailed procedures, and will provide only a brief summary 
except in cases where OEHHA recommendations are different from or more explicit than those 
of U.S. EPA. 
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The following descriptions of methods for dose response assessment, and considerations in their 
application, apply in principle to the analysis of both animal and human (epidemiological) cancer 
incidence data.  Indeed, the original formulation of the multistage model (Armitage and Doll, 
1954) described below was developed based on human cancer incidence.  Nevertheless, the 
number and quality of human cancer incidence datasets are limited.  The more complex analyses 
have usually only been possible for animal experimental data, where the interindividual 
variability and the exposure conditions can be both measured and controlled.  Most commonly, 
epidemiological studies have necessarily used a form of multivariate analysis to separate the 
effects of several different variables relating to exposure, demographics and behaviors (e.g., 
smoking).  In these analyses it is usually assumed that the effect measure(s) vary linearly with 
the exposure: any more complex variance assumptions might exceed the power of the data to 
determine the required model parameters.  However, there are exceptions, especially for 
occupational studies where the critical exposure is measured as a continuous variable (rather than 
just categorical) and where the effect of this exposure is substantial relative to other confounding 
factors.  For example, OEHHA (1998) used a multistage model dealing with both exposure 
intensity and duration in the analysis of cancer incidence in railroad workers exposure to diesel 
exhaust (Garshick et al., 1988) 

Interspecies Extrapolation 

The procedures used to extrapolate low-dose human cancer risk from epidemiological or animal 
carcinogenicity data are generally health-protective in that they determine an upper confidence 
bound on the risk experienced by an exposed population.  As statistical estimates they cannot be 
regarded as definite predictions of the risk faced by any one specific individual, who might for a 
variety of reasons, including individual exposure and susceptibility, experience a risk different 
from the estimate.  The risk assessment procedures used aim to include the majority of variability 
in the general human population within the confidence bounds of the estimate, although the 
possibility that some individuals might experience either lower or even no risk, or a considerably 
higher risk, cannot be excluded.  Additionally, differences may exist between the characteristics 
of the general public and those of studied populations.  For example, healthy workers, the subject 
of most epidemiological studies, are often found to have lower rates of morbidity and mortality 
than the general population (Wen et al., 1983; Monson, 1986; Rothman and Greenland, 1998).  
Most human data are derived from studies of largely male adult workers and risk estimates 
cannot take into account specific physiological factors of women, children, and older populations 
that may affect the potency of a carcinogen, including early age-at-exposure. 

Dose-response assessment based on environmental epidemiological studies may involve 
evaluation of health impacts at exposure levels within the range of those measured in the study 
population.  However, more usually the source data are studies of occupationally exposed 
humans or of animals, in which case the exposures in the study are likely to be much higher than 
those of concern for risk assessments relating to community or ambient exposures.  Further, even 
when extrapolation from animal species to humans is not required, the general population to 
which the URF is applied may differ in characteristics relative to the occupational population 
studied.  It is therefore necessary to extrapolate from the available data to the population and 
exposure range of concern, which is done by using a dose-response model derived from the 
source data.  The models used fall into three main classes: mechanistically based models, 
empirical models and (where data are lacking to support a true data-based model) default 
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assumptions.  The factors affecting the dose-response relationships for carcinogenesis may also 
be divided into those relating to absorption, distribution, metabolism and excretion on the one 
hand (i.e. toxicokinetics), and those relating to the underlying dose-response characteristics of 
carcinogenesis at the tissue or cellular level (i.e. toxicodynamics).  In this sense the problem of 
dose response assessment for carcinogens is similar to that for non-cancer toxic effects.  The 
toxicokinetic models used may in fact be similar for both situations, but the toxicodynamic 
models are generally different. 

Intraspecies Extrapolation and Inter-individual Variability 

In estimating the impact of a particular level of exposure to a carcinogen on a target human 
population, it is necessary to consider the range of susceptibility in the target population.  In the 
present case this is typically defined as the general population of the State of California, 
including of course women (some of whom are pregnant), infants and children, the elderly, the 
sick, and those with genetic polymorphisms or acquired differences which affect their 
susceptibility to carcinogens.  In general it has been assumed that the upper-bound risk estimates 
obtained from the standard toxicodynamic models described below are sufficiently health-
protective to cover the intrinsic variability of the adult human target population, in spite of the 
fact that these models do not explicitly address this type of variability, except in the few cases 
where an estimate is based on epidemiological data from a large and unselected study group 
(U.S. EPA, 2005a).  However, various analyses (Drew et al., 1983; Barton et al., 2005; Appendix 
J) have suggested that this assumption is inadequate to cover the expected variability within a 
human population that includes infants and children.  Accordingly both U.S. EPA (2005b) and 
this document now offer guidance on the use of age-specific adjustment factors to allow for the 
potentially greater sensitivity of infants and children to chemical carcinogenesis. 

The ability to accommodate human variability with regard to the toxicokinetic factors affecting 
susceptibility to carcinogens varies with the level of detail used in the particular assessment. If 
the generic interspecies extrapolation approach based on body weight is used without any 
explicit toxicokinetic model, then the assumption is made, as in the case of toxicodynamic 
variability, that the overall health-protective assumptions made are sufficient to cover the 
toxicokinetic variability.  On the other hand if explicit models such as those referenced in the 
following paragraph are used, this variability may be more explicitly accommodated by using 
parameter values which are taken as point estimates from measured distributions of population 
values, or by using Monte Carlo techniques to include those distributions in the model (Bois et 
al., 1996; OEHHA, 1992; 2001b). 

Toxicokinetic Models 

Considerable literature exists showing the importance of understanding the toxicokinetics of 
carcinogens in understanding their mechanism of action, sites of impact and dose-response 
relationships.  U.S. EPA (2005) in Section 3.1 refers to the importance of identifying an 
appropriate dose metric for the dose-response analysis.  Early cancer risk assessments typically 
used applied dose as the dose metric, which is adequate in simple cases provided appropriate 
correction factors are applied for interspecies extrapolation.  However, it is often observed that 
the uptake, metabolism and elimination of the carcinogenic substance (and/or a procarcinogen 
and metabolites) is non-linear, especially at the higher doses employed in experimental animal 



TSD for Cancer Potency Factors May 2009 

26 

studies (Hoel et al., 1983, Gaylor et al., 1994).  Extrapolation to lower doses where such 
relationships tend to linearity (Hattis, 1990) is aided by the use of toxicokinetic models.   These 
may be relatively simple compartment models, or sophisticated “physiologically based 
pharmacokinetic (PBPK) models” which to a greater or lesser degree model the actual 
biochemical and physiological events of toxicokinetic importance.  Applications of both types of 
model may be found in various risk assessment documents prepared for the Toxic Air 
Contaminants program (and other OEHHA risk assessments).  Since the details vary widely 
according to the nature of the chemical and the availability of appropriate kinetic data these 
general guidelines will defer to those examples rather than attempt a fuller exposition here.  
Further analysis of the use of toxicokinetic modeling in extrapolation from animals to humans, 
and in accounting for interindividual variability among adult humans, infants and children is 
presented in the Air Toxics Hot Spots Technical Support Document for the Derivation of 
Noncancer Reference Exposure Levels (OEHHA, 2008). Although this refers to the use of 
toxicokinetic modeling in non-cancer risk assessment, the primary considerations are similar for 
cancer risk assessment. 

Toxicodynamic Models 

An early use of mechanistic analysis to support risk assessment was the development of the 
Armitage-Doll multistage model of dose-response for carcinogenesis.  The multistage model was 
initially developed on theoretical grounds, and by examination of epidemiological and animal 
data on time to tumor incidence.  Subsequent discovery of the molecular biology of proto-
oncogenes has provided a basis for explaining the model in terms of actual biological events and 
systems (Barrett and Wiseman, 1987).  This model was developed by Crump and others into the 
“linearized multistage model”, which has been extensively used for carcinogen risk assessment.  
It leads to a number of partially verifiable predictions, including linearity of the dose-response 
relationship at low doses, which is observed for many genotoxic carcinogens.  It also predicts the 
form of the dose-response relationship at higher doses, which generally follow a polynomial 
form (subject to sampling and background corrections) except where other identifiable factors 
such as pharmacokinetics intervene.   

It has been argued that the simple linearized form of the multistage model has limitations as a 
description of carcinogenic mechanisms, which detract from its usefulness and generality.  Cell 
proliferation is known to be important in the progression of cancer.  It may actually be the 
primary mechanism of action for a few carcinogens, as opposed to the direct modification of 
DNA by the carcinogen or a metabolite which is assumed to cause the mutational event at each 
stage in the original multistage description.  A cell proliferation model has been developed 
(Moolgavkar and Knudson, 1981), which retains the concept of an initiating mutational event (in 
most cases caused by interaction of the chemical with DNA, although it could also be a 
spontaneous mutation) as in the original multistage model, but also considers proliferation, death 
or terminal differentiation of both normal and initiated cells.  This model is thought to better 
describe the biological events in carcinogenesis.  However, it has not been used extensively in 
risk assessment because it requires many parameters that are difficult to define and measure 
(such as proliferation and death rates for various classes of cell).  If these cannot be accurately 
determined, the model has too many free parameters and is not helpful in defining extrapolated 
values for risk assessment purposes.  This highlights a general problem in using mechanistic 
models in carcinogen risk assessment, which is that the carcinogenesis data themselves are 
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generally insufficient to define fully the dose response curve shape at low doses or provide much 
mechanistic information.  The analysis is therefore supplemented with policy-based assumptions 
(such as the expectation of linearity at low doses) and, wherever possible, additional 
experimental measurements relating to the mechanism of action, in order to make meaningful 
prediction of risk from environmental exposures to humans.   

Because of the difficulties in validating simplified mechanistic models such as the basic 
multistage model, and the additional difficulty of parameter estimation with more complex 
mechanistic models, the new U.S. EPA guidelines (U.S. EPA, 2005a) and some recent California 
risk assessments have chosen instead to use a less overtly mechanistic approach.  This approach 
combines benchmark dose methodology (described below) with an explicit choice of the method 
for low-dose extrapolation, either assuming low-dose linearity or, for certain carcinogens where 
data indicate that this is appropriate, a “margin of exposure” or safety/uncertainty factor based 
approach.  This benchmark method is now normally recommended for carcinogen dose response 
analysis, and the results generally differ little from those derived by the linearized multistage 
model.  Although the linearized multistage method is no longer recommended as the default 
approach for cancer potency estimation it remains a plausible alternative in many cases, and still 
has useful applications, such as for time-to-tumor analyses for which benchmark methods are not 
yet widely available.  Additionally, a considerable number of existing cancer potencies in 
Appendices A and B, and used in the Air Toxics Hot Spots program were derived by this 
method.  Many of these would not be significantly different if calculated by the benchmark 
approach, and are unlikely to be replaced soon by newly calculated values.  The linearized 
multistage method will therefore also be briefly described here. 

Benchmark Dose Methodologies 

The use of benchmark dose methodology has been explored by various investigators [including 
Gaylor et al. (1998); van Landingham et al. (2001) and Crump (1984, 1995, 2002)] as a tool for 
dose response extrapolation.  This has been recommended in regulatory guidelines for both 
carcinogenic (U.S. EPA, 2005a) and non-carcinogenic (U.S. EPA, 1995) endpoints.  The basic 
approach is to fit an arbitrary function to the observed incidence data, and to select a “point of 
departure” (POD) (benchmark dose) within the range of the observed data.  From this a low dose 
risk estimate or assumed safe level may be obtained by extrapolation, using an assumed function 
(usually linear) or by application of uncertainty factors.   The critical issue here is that no 
assumptions are made about the nature of the underlying process in fitting the data.  The 
assumptions about the shape of the dose response curve (linear, threshold, etc.) are explicitly 
confined to the second step of the estimation process, and are chosen on the basis of policy, 
mechanistic evidence or other supporting considerations.  The benchmark chosen is a point at the 
low end of the observable dose-response curve.  Usually a dose at which the incidence of the 
tumor is 10% is chosen for animal studies, although lower effect levels may be appropriate for 
large epidemiological data sets.  Because real experimental data include variability in the 
response of individual subjects, and measurement errors, likelihood methodology is applied in 
fitting the data.  A lower confidence bound (usually 95%) of the effective dose (LED10), rather 
than its maximum likelihood estimate (MLE), is used as the point of departure.  This properly 
reflects the uncertainty in the estimate, taking a cautious interpretation of highly variable or 
error-prone data.  It also reflects the instability of MLE values from complex curve-fitting 
routines, which has been recognized as a problem also with the linearized multistage model. 
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For cancer dose-response estimation using the benchmark dose method, either animal bioassay 
data or epidemiological data provide a suitable basis.  In the absence of a pharmacokinetic model 
(which could provide tissue-specific dose metrics), the potency would ordinarily be based on the 
time-weighted average exposure during the exposure or dosing period.  The model used to fit the 
data can be chosen from a range of available alternative quantal models, depending on which 
provides the best fit to the data in the observable range.  In practice, the multistage polynomial fit 
developed for the linearized multistage model works well for most tumor data sets.  Here it is 
being used merely as a mathematical curve-fitting tool, where the model well fits the data set, 
without making assumptions about its validity as a biological model of carcinogenesis.   

Suitable polynomial fits and estimates of the benchmark may be obtained using U.S. EPA’s 
BMDS software.  The benchmark often used is the 95% lower confidence bound on the dose 
producing 10% tumor incidence.  However, if data are available which include a significant 
dose-response at less than 10% tumor incidence, then that lower benchmark should be used (e.g., 
LED05 or LED01).  Other software such as Tox_Risk, which was used for the linearized 
multistage model, has been used successfully, although the earlier GLOBAL program and its 
relatives are less suitable as curve-fitting tools for benchmark dose analysis. 

Since it is usually assumed in cancer risk estimation that the low-dose response relationship is 
linear, risk estimates and a potency value (slope factor) may be obtained by linear extrapolation 
from an appropriate benchmark dose.  The potency is the slope of that line (0.1/LED10).  The low 
dose linearity assumption is a general default for any carcinogen, and it is unlikely to be altered 
for genotoxic carcinogens. 

A calculation using the benchmark dose approach (using a polynomial model with exponents 
restricted to zero or positive values), and linear extrapolation from the LED10 to obtain a potency 
estimate is shown in Figure 1 (the figure was generated by the U.S. EPA’s BMDS program).  
This is based on tumor incidence data from an actual experiment with vinyl bromide in rats 
(Benya et al., 1982), with metabolized dose calculated by means of a pharmacokinetic model 
(Salmon et al., 1992).  The value of q1* obtained by this calculation would then be corrected for 
the duration of the experiment if it had lasted for less than the standard rat lifetime, and for 
bodyweight and route-specific pharmacokinetic factors as described below.   This is in addition 
to the correction for exposure duration that would be necessary if the study had not lasted for 105 
weeks, and the interspecies correction, both of which are described below. 
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Figure 1.  Benchmark dose calculation for tumor data in rats exposed to vinyl bromide 
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Linearized Multistage Model 

Quantal Analyses 

A "multistage" polynomial (U.S. EPA, 1986, 2005a; Anderson et al., 1983), based on the 
mechanistic insights of the original Armitage and Doll model of cancer induction and 
progression, has been used extensively by U.S. EPA, OEHHA and other risk assessors to model 
the dose response for lifetime risk of cancer.  It usually is used for analysis of animal bioassay 
data, although related approaches have occasionally been used with epidemiological data.  In 
mathematical terms, the probability of dying with a tumor (P) induced by an average daily dose 
(d) is: 

 P(d) = 1 - exp[-(q0 + q1d + q2d2 + ... + qjdj)]         

with constraints 

 qi > 0 for all i. 
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Equivalently,  A(d) = 1 - exp [ - (q1d + q2d2 + ··· + qkdk )], 

 where A(d) = P d P
P

( ) ( )
( )

0
1 0

is the extra risk over background at dose d.   

The qi model parameters are constants that can be estimated by fitting the polynomial to the data 
from the bioassay, i.e. the number of tumor bearing animals (as a fraction of the total at risk) at 
each dose level, including the controls.  The fit is optimized using likelihood methodology, 
assuming that the deviations from expected values follow a χ2 distribution, with the number of 
degrees of freedom (and hence the maximum number of terms allowed in the polynomial) 
determined by the number of points in the data set.  All the coefficients of the terms are 
constrained to be zero or positive, so the curve is required to be straight or upward curving, with 
no maxima, minima or other points of inflection.  In addition to the maximum likelihood 
estimates of the parameters, the upper 95% confidence limits on these parameters are calculated. 

The parameter q0 represents the background lifetime incidence of the tumor.  The 95% upper 
confidence limit of the slope factor q1 (q1

*), is termed the cancer potency.  The maximum 
likelihood estimate (MLE) of q1 is not usually regarded as a reliable estimate for several reasons.  
First, it fails to reflect the uncertainty and variability in the data which affect the value of the 
estimate.  This is an important issue for protection of public health, which is emphasized by 
current regulatory guidelines.  Secondly, due to the variable order of the polynomial and the 
effect of some terms being zero as opposed to having a small but finite value, the MLE is 
unstable, and may show large and unpredictable changes in response to very slight changes in the 
input data.  It may also erratically have a zero value, even when the data imply a significant 
positive dose-response relationship.  The MLE is not a measure of central tendency for this 
estimate distribution (which is always asymmetrical and often multi-peaked). For small doses, 
the cancer potency is the ratio of excess lifetime cancer risk to the average daily dose received.  
Details of the estimation procedure are given in Crump (1981) and Crump, Guess, and Deal 
(1977).  Several software programs are available to perform the necessary calculations, including 
U.S. EPA’s BMDS, Tox_Risk and the earlier GLOBAL programs by Crump and colleagues, and 
Mstage, written by Crouch (1987). 

When dose is expressed in units of mg/kg-d, the potency is given in units of (mg/kg-d)-1.  
Likewise, when the model input is in units of concentration (µg/m3, ppb), the potency is given in 
units of µg/m3)-1 pr (ppb)-1.  As in the case of potencies obtained by the benchmark approach, the 
experiment-based potency value needs to be corrected for less-than lifetime or intermittent 
exposure, and extrapolated from the test species to humans.  Risk calculations using potency 
value estimated using the linearized multistage model predict the cancer risk at low doses only, 
with the higher order terms of the fitted polynomial being ignored since their contribution is 
negligible at low doses.  

Selection of Site and Tumor Type 

In developing cancer potency estimates from animal data, standard practice has been to use dose-
response data for the most sensitive tumor site as the basis of the estimate (CDHS, 1985).  Where 
tumors of more than one histological type (e.g., adenomas and carcinomas) are observed at a 
single site, the combined incidence, i.e. proportion of animals affected with at least one tumor of 
any of the relevant types, is used for dose-response assessment.  The same rules for combining 
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tumor types are generally applied in determining statistical significance for carcinogen 
identification (IARC, 2006).  Tumor types considered to represent different stages of progression 
following initiation of a common original normal cell type are combined, whereas tumor types 
having different cellular origins are generally not combined by this procedure. Other 
considerations that may influence choice of site for dose response estimation include the quality 
of the data (especially, the statistical impact of a high or variable rate of a particular tumor type 
and site in control animals), and biological relevance to humans.  However, it is an important 
principle that, just as for the hazard identification phase, concordance of site or tumor type 
between animal models and human health effects may occur but is not assumed or required. 

Carcinogens Inducing Tumors at Multiple Sites 

For most carcinogens, the selection of the most sensitive site in the animal studies is recognized 
as providing a risk estimate which is appropriate to protect human health.  However, for 
chemicals that induce tumors at multiple sites, the single-site approach may underestimate the 
true carcinogenic potential.  For example, the overall assessment of cancer risk from cigarette 
smoking (U.S. DHHS, 1982) or ionizing radiation (NRC, 1990) is not based on risk at one site, 
such as lung cancer.  Instead, total cancer risk is estimated from all the sites at which agent-
induced tumors are observed (lung, bladder, leukemia, etc), combined. 

For carcinogens that induce tumors at multiple sites and/or with different cell types in a 
particular species and sex, OEHHA derives the animal cancer potency by probabilistically 
summing the potencies from the different sites and/or cell types.  Using the combined potency 
distribution takes into account the multisite tumorigenicity and provides a basis for estimating 
the cumulative risk of all treatment-related tumors. 

The linear term (q1) of either the multistage model or the multistage-in-dose, Weibull-in-time 
model is first estimated based on the dose-response data for each of the treatment-related tumor 
sites.  Statistical distributions, rather than point estimates, are generated at each site by tracing 
the profile likelihood of the linear term (q1) (Zeise et al., 1991).  The distributions of q1 for each 
of the treatment-related sites are then statistically summed using a Monte Carlo approach and 
assuming independence (Figure 2).  The sum is created by adding the linear term for each tumor 
site, according to its distribution, through random sampling.  The upper 95 percent confidence 
limit on the summed distribution is taken as the multisite animal cancer potency estimate 
(McDonald et al., 2003, McDonald and Komulainen, 2005). 

OEHHA has applied this approach in several recent dose-response analyses, including that for 
naphthalene presented in Appendix B of this document. 
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Figure 2.  Addition of potency distributions for multi-site cancer potency derivations. 
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Early-Lifestage Cancer Potency Adjustments 

In recent years, there have been growing concerns regarding the exposure of children to 
environmental chemicals, including the possibility that they may be more susceptible than adults 
to injury caused by those chemicals.  The California Legislature passed the Children’s 
Environmental Health Protection Act (Senate Bill 25, Escutia; Chapter 731, Statutes of 1999; 
“SB 25”) to help address these concerns.  Under SB25, OEHHA is mandated to consider infants 
and children specifically, where data permit, in evaluating the health effects of Toxic Air 
Contaminants (TACs).   

The development of cancer is one of the adverse health effects that may occur in children as a 
result of exposure to environmental chemicals.  The document “Prioritization of Toxic Air 
Contaminants under the Children’s Environmental Health Protection Act” (OEHHA, 2001a) 
noted that risks of cancer from exposures to carcinogens occurring from conception through 
puberty can be different than those from exposures occurring in adulthood.  Exposure to a 
carcinogen early in life may result in a greater lifetime risk of cancer for several reasons: 

1. Cancer is a multistage process and the occurrence of the first stages in childhood 
increases the chance that the entire process will be completed, and a cancer produced, 
within an individual’s lifetime. 

2. Tissues undergoing rapid growth and development may be especially vulnerable to 
carcinogenic agents.  During periods of increased cell proliferation there is rapid turnover 
of DNA, and more opportunity for misrepair of damage (e.g., DNA breaks, crosslinks, 
adducts) or alterations to result in permanent changes to the DNA (e.g., mutations, altered 
DNA methylation) that may ultimately lead to cancer. 

3. During early development, a greater proportion of the body’s cells are relatively 
undifferentiated stem cells, and as such represent a large target population of somatic 
cells capable of passing along permanent changes to the DNA during future cell 
divisions. 

4. There may be greater sensitivity to hormonal carcinogens early in life since the 
development of many organ systems is under hormonal control (e.g., male and female 
reproductive systems, thyroid control of CNS development). 

5. Other factors that may play a role in increased cancer risk from exposures during critical 
developmental periods include differences in immunological activity, intestinal 
absorption, biliary and kidney excretion, blood and fat distribution, and expression of 
enzyme systems that activate or detoxify carcinogens. 

Data in humans and animals for a variety of carcinogens suggest that exposures to such 
carcinogens early in life may result in a greater lifetime risk of cancer compared to exposures 
later in life.  Examples of this effect in humans are carcinogenicity due to ionizing radiation, 
diethylstilbestrol (DES), chemotherapeutic agents, and tobacco smoke. 
Ionizing radiation exposure carries an increased risk of cancer when exposures occur early in life 
compared to adult exposures for a number of tumor types.  Children exposed to ionizing 
radiation (diagnostic X-rays) in utero demonstrate a larger excess of leukemia cases than 
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children exposed to ionizing radiation postnatally (NRC, 1990).  Exposure to radioisotopes (131I, 
137Cs, 134Cs, 90Sr) as a consequence of the 1986 Chernobyl nuclear accident resulted in an 
elevated thyroid cancer incidence in children but not adults (Moysich, 2002).  Treatment of 
children for Hodgkin’s lymphoma with both chemotherapeutic agents and irradiation has been 
shown to increase the risk of secondary tumors (Swerdlow et al., 2000; Franklin et al., 2006).  
Age at irradiation in Hodgkin’s disease patients treated with radiotherapy strongly influenced the 
risk of developing breast cancer.  The relative risk (RR) of developing breast cancer was 136 for 
women treated before 15 years of age, 19 for women 15-24 years of age, and 7 for those 24-29 
years of age.  In women above 30 years of age, the risk was not increased (Hancock et al., 1993).  
 
DES was administered to pregnant women in the 1940s-1960s for the purpose of preventing 
pregnancy loss.  In 1970, Herbst and Scully described 7 cases of vaginal adenocarcinoma (6 
cases of the clear-cell type) in women aged 15-22 years.  This type of cancer is extremely rare in 
that age range.  A follow-up epidemiological study included an additional case, and noted the 
fact that the mothers of 7 of the 8 patients had been treated with DES during their pregnancy 
(Herbst et al., 1971).  Reports by other investigators confirmed the association between maternal 
use of DES during pregnancy and the development of vaginal adenocarcinoma in their female 
offspring (Preston-Martin, 1989).  It was observed that in utero DES exposure resulted in female 
genital tract morphological changes which correlated with both dose and duration of exposure, 
and those changes were not related to the maternal conditions which were the reason for the DES 
administration.  Additionally, the risk of occurrence of those morphological changes declined 
with increasing gestational age at first exposure (O’Brien et al., 1979; Preston-Martin, 1989).  In 
contrast, vaginal adenocarcinoma incidence did not increase in the exposed mothers themselves, 
indicating an increased early-life susceptibility to the carcinogenic effects of DES. 
 
There is evidence in the epidemiological literature indicating that exposure to tobacco smoke 
during puberty may increase risk of breast cancer later in life, particularly among women who 
are NAT2 slow deacetylators (Marcus et al., 2000;  Morabia et al., 2000; Lash and Aschengrau, 
1999).  Wiencke et al. (1999) report that early age at initiation of smoking is associated with a 
higher level of DNA adducts in lung tissue of former-smokers with lung cancer.  
 
It has also been observed by Smith et al. (2006) that human in utero or early childhood exposure 
to arsenic in drinking water results in significantly increased lung cancer incidences during adult 
life. 
 
Data from animal studies provide additional examples of increased sensitivity to early life 
(typically postnatal and juvenile) exposures. These effects span a range of target tissues, 
including the liver (vinyl chloride, safrole), brain (methylnitrosourea), reproductive tract (DES, 
tamoxifen), and lung (urethane) (OEHHA, 2001a). 

In the following sections we summarize two efforts to evaluate quantitatively the effect of 
lifestage at exposure on carcinogenic response in experimental animal studies.  The first section 
provides a description of OEHHA’s analysis of data on the effect of age at exposure on 
carcinogenic potency.  (Details of this analysis are in Appendix J.) The second section describes 
U.S. EPA’s work in this area.  (We also provide the published paper in Appendix I that presents 
the U.S. EPA analyses.)  Both analyses used extant data available in the published literature.  
U.S. EPA used their analysis to modify the procedures they have used to estimate cancer risk by 
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weighting risk by specific factors for childhood exposures.  The weighting factors are a policy 
choice supported by U.S. EPA’s data analysis.  The results of OEHHA’s analysis, summarized 
below and described in detail in Appendix J, support the decision to modify policy to weight risk 
when exposure occurs during childhood.     

OEHHA Analysis of the Effect of Age at Exposure on Cancer Potency 

The analysis of animal cancer studies which include early life exposure by the Reproductive and 
Cancer Hazard Assessment Branch (RCHAB) of OEHHA also supports the application of 
lifestage-specific cancer potency factor adjustments.  This analysis is provided in detail as 
Appendix J of this document.  

Early-in-life susceptibility to carcinogens has long been recognized by the scientific community 
and clinicians as a public health concern.  Numerous scientific publications and symposia have 
addressed this issue over the years and the scientific literature contains a number of human 
clinical findings and epidemiological studies of early life cancer susceptibility.  While there are 
many indications of increased human cancer susceptibility in early life, the magnitude of the 
impact has been difficult to gauge.  Until recently risk assessment procedures have not in general 
addressed the issue.  As described in the next section, in 2005 the U.S. EPA adopted an approach 
to weight carcinogens by age at exposure if they act via a mutagenic mode of action.  The 
California legislature in 2000 directed OEHHA to assess methodologies used in addressing 
early-in-life risk, compile animal data to evaluate those methods, and develop methods to 
adequately address carcinogenic exposures to the fetus, infants, and children (Children’s 
Environmental Health Initiative [AB 2872, Shelly]; California Health and Safety Code [HSC] 
section 901 [a] through [e]).  

OEHHA assessed cancer risk assessment methodologies, and found that the existing risk 
assessment approaches did not adequately address the possibility that risk from early-in-life and 
adult exposures may differ.  OEHHA further concluded that there was a need to address early-in-
life cancer risk, and undertook studies to develop methods for doing so.  Age-related cancer 
susceptibility data were identified from published animal cancer bioassays in which these issues 
were addressed.  Two types of studies with early-in-life exposures were compiled.  The first type 
are "multi-lifestage exposure studies."  These studies have at least two groups exposed during 
different lifestages:  One dose group is exposed to a chemical only during one of the following 
lifestages (Figure 3):  

 prenatal (from conception to birth),  

 postnatal (from birth to weaning),  

 juvenile (from weaning to sexual maturity).   

The second dose group is exposed for some period of time at an older age, preferably during the 
adult lifestage, that is, after sexual maturity.  This group served as the reference group.  In some 
cases where there was no adult exposure group, animals exposed as juveniles served as the 
reference group.  Multi-lifestage exposure studies are available for many chemicals, enabling the 
exploration of patterns in early-life susceptibility across chemicals.   
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Figure 3.  Definition of Rodent Lifestage Adopted in the OEHHA Analyses 
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OEHHA also conducted “chemical-specific case studies” of early-life sensitivity for two 
carcinogens, ethyl-N-nitrosoamine (DEN) and N-ethyl-N-nitrosourea (ENU) that combine data 
from a number of studies.  These “chemical-specific case studies” were conducted to explore the 
feasibility of analyzing chemical-specific data on age susceptibility from single-lifestage 
exposure experiments.  For these chemicals, OEHHA compiled from the literature a second type 
of study, “single-lifestage exposure experiments.”  In these experiments dose groups were 
exposed only during a particular lifestage and, unlike the “multi-lifestage exposure studies,” 
there was no requirement that the same study also include groups exposed during a different 
lifestage.  Thus, single-lifestage exposure experiments were identified as being either prenatal, 
postnatal, juvenile, or adult exposure studies.  For each of the two chemicals, there were many 
prenatal studies conducted that were compiled, analyzed, and grouped together.  Postnatal 
studies from different publications were similarly compiled, analyzed and grouped together, as 
were juvenile studies.  Adult studies were not available for either DEN or ENU, thus for both 
chemicals juvenile exposure studies served as the referent for prenatal studies, and for postnatal 
studies.   

Typical cancer bioassays such as those conducted in rats and mice by NTP involve exposing 
animals starting at six to eight weeks of age, which is the time at which these animals reach 
sexual maturity (late teenagers relative to humans).  The experiments are run for two years, 
ending when the animal is in late middle age.  Thus, early and very late life exposures are not 
included in the typical rodent bioassay (see Figure 4).  If the NTP bioassay is used as a basis for 
estimating cancer potency, the potency and resulting risk estimates may be too low. Thus 
OEHHA focused on finding studies that evaluated early in life exposures.   
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Figure 4.  Dosing Period for Typical Rodent Bioassays. 

conception birth 6-8 
wks

2 years 3 years

Typical bioassay
dosing period

sacrifice

 

 

Since bioassays examining the effect of age at exposure on carcinogenesis were conducted by 
various investigators for different purposes, there is a great deal of variation across studies in 
terms of dose selection, duration of exposure, number of animals, and length of study duration.  
To be included in the compilation of studies with early life exposure, a study or an experimental 
group in a study had to meet minimum requirements.  

The criteria for study inclusion are as follows: 

 Treated groups were exposed to a single chemical carcinogen or a single carcinogenic 
chemical mixture.  

 Study groups were not compromised by severe treatment-related non-cancer toxicity. 

 Overall the duration of exposure period plus observation period exceeded 40 weeks, 
unless animals died of tumor. 

 For included dose groups, the study must report age at dosing, age at sacrifice, and site-
specific tumor incidence.  

 Each lifestage exposure treatment group has an appropriate concurrent control group, or, 
for rare tumors only, an appropriate historical control.  

 The studies were on mammals. 

 Each treatment and control group consists of at least ten animals, unless the conduct and 
design of the study was well done in all other aspects (e.g., the length of the study was 
sufficiently long to observe treatment-related tumors) and tumor incidence was high in 
treated groups and very low in controls.   

 Site specific tumor data were reported, not only total number of tumor bearing animals. 

 The test compound was administered in the diet, water, via gavage, or by intraperitoneal 
(i.p.), intravenous (i.v.), or subcutaneous (s.c.) injection. For dermal and subcutaneous 
injection studies, distal tumor findings are utilized (for dermal, other than skin tumors; 
for injection, non-injection site tumors).   
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 While studies designed to histopathologically examine tumors at multiple sites were 
preferred, studies that examined only a select set of organ/tissue sites were not excluded 
if the sites examined were known with confidence to be the only target tissues for the 
chemical and lifestage in question in that particular strain of animal. 

Different approaches were taken to identify animal cancer studies that included groups of 
animals exposed during early life stages.  First, MEDLINE and TOXLINE (National Library of 
Medicine) databases were searched using combinations of various key words for cancer (e.g., 
tumor(s), neoplasm(s), cancer, neoplasia, cancerous, neoplasms-chemically induced) and for 
early-life exposure (e.g., age, age-at-exposure, development (al), prenatal, in utero, gestation (al), 
postnatal, neonatal, juvenile, weaning, weanling, adolescent, adolescence, young).  Second, the 
extensive compilation of bioassays in the Survey of Compounds which have been Tested for 
Carcinogenic Activity, was reviewed.  This survey, formerly maintained by the National Cancer 
Institute as Public Health Service Publication Number 149, or PHS 149, is now available from a 
private source electronically as CancerChem, 2000.  Third, from bibliographies from relevant 
published papers additional studies were identified.  Finally the Single Dose Database developed 
by Calabrese and Blain (1999) was obtained and utilized to identify additional publications that 
appeared to contain potentially useful data.  All of these publications were evaluated to 
determine if the study dosed separate groups of animals early in life and at or near adulthood.  A 
total of 145 publications, providing data on 84 chemicals, were identified as meeting the criteria 
for study inclusion.  A subset of these met the criteria for inclusion in the multi-lifestage 
exposure analysis. 

Finally, for the OEHHA multi-lifestage analyses, we define “experiment” as a study component 
consisting of a control group as well as a treated group(s) exposed during the same lifestage (i.e., 
prenatal, postnatal, juvenile or adult), and using the same experimental protocol (e.g., route of 
exposure, strain, species, laboratory).  Thus, by our definition one publication may report 
multiple experiments.   

In the OEHHA analysis, data from studies on 23 unique carcinogens, 20 of which are considered 
to act via primarily genotoxic modes of action, were analyzed.  Of these 20 carcinogens, 15 are 
thought to require metabolic activation to the ultimate carcinogenic species (Table 1).  Fourteen 
carcinogens, including one thought to act via primarily nongenotoxic modes of action, were 
included in the prenatal multi-lifestage exposure studies.  Eighteen carcinogens, including two 
thought to act via primarily nongenotoxic modes of action, were included in the postnatal multi-
lifestage exposure studies.  Five carcinogens were included in the juvenile multi-lifestage 
exposure studies.  The case study chemicals, DEN and ENU, are both genotoxic.  ENU is a 
direct acting alkylating agent, while DEN requires metabolic activation.  
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Table 1.  Carcinogens for which studies with multi-lifestage exposures in animal studies are 
available 

Genotoxic carcinogens requiring metabolic activation 
Benzidine 
Benzo[a]pyrene 
Dibutylnitrosamine 
Diethylnitrosamine (DEN) 
7,12-Dimethylbenz[a]anthracene (DMBA) 
Dimethylnitrosamine (DMN) 
Di-n-propylnitrosamine (DPN) 
1 -Ethyl-nitrosobiuret 
2-Hydroxypropylnitrosamine 
3-Hydroxyxanthine 
3-Methylcholanthrene (3-MC) 
4-(Methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK) 
Safrole 
Urethane 
Vinyl chloride 

Genotoxic carcinogens not requiring metabolic activation 
Butylnitrosourea 
1,2-Dimethylhydrazine 
Ethylnitrosourea (ENU) 
Methylnitrosourea (MNU) 
ß-Propiolactone 

Nongenotoxic carcinogens 
1,1-Bis(p-chlorophenol)-2,2,2-trichloroethane (DDT) 
Diethylstilbestrol (DES) 
2,3,7,8-Tetrachlorodibenzodioxin (TCDD)  

 

Cancer Potency Estimation 

Statistical methods were developed and used to analyze the data and derive measures of early-
life susceptibility.  These are described in detail in Appendix J.  In brief, a cancer potency (the 
slope of the dose response curve) was developed for each of the experiments selected using the 
linearized multistage model.  This model was chosen because of widespread use in risk 
assessment, and its flexibility in being able to fit many different data sets needed to evaluate the 
effect of lifestage-at-exposure on cancer potency.  The dose metric used for the potency analyses 
is cumulative dose normalized to body weight.  The cancer potency is thus expressed as the 
increase in tumor probability with increasing cumulative dose in units of mg/kg body weight.   
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To take into account uncertainty in potency estimation, cancer potencies are depicted by a 
statistical distribution, rather than by a single, fixed value, using methods described in Appendix 
J.  While these methods have typically been used to obtain and report the 95th percentile of the 
cancer slope parameter for cancer risk assessment purposes, here OEHHA utilized the full 
distribution of the cancer slope parameter to derive measures of early-life susceptibility to 
carcinogens.  This was done to systematically take into account uncertainty in the analysis. 

For experiments where treatment related tumors were observed at multiple sites or at the same 
site but arising from different cell types, slopes from these sites were statistically combined by 
summing across the potency distributions (assuming independence across the sites that were 
observed) to create an overall multisite cancer potency.  It is not uncommon that a carcinogen 
causes more than one type of cancer or causes tumors at different sites depending on lifestage at 
exposure.  For example, in humans tobacco smoke causes cancers of the lung, bladder, and 
certain other organs.  This multi-site carcinogenicity is frequently observed in animal 
experiments as well.  In order to account for this, all treatment-related tumors that were observed 
in a given lifestage were taken into account in estimating cancer potency from that particular 
experiment.  

Addressing Early-Age Sensitivity in Estimating Cancer Risk:  Age Sensitivity Factors 

Inherent Sensitivity of Lifestages – Lifestage Potency Ratios 

For this analysis, OEHHA calculates the ratio of cancer potency derived from an early lifestage 
exposure experiment(s) to that derived from an experiment(s) conducted in adult animals.  
OEHHA used the potency distributions for the individual lifestage exposures, rather than a point 
estimate, to derive the ratios. The lifestage cancer potency ratio is then described as a distribution 
and one can select specific percentiles from the distribution to better understand and bound the 
uncertainty (Figure 5).  Of particular importance is the location of the ratio distribution in 
relation to the reference value of 1.0, which would mean no difference in risk from exposures at 
early versus adult lifestages.  A lifestage cancer potency ratio distribution that primarily lies 
above the value of 1.0 indicates early life exposures to a carcinogen result in a stronger tumor 
response relative to adult exposure.  Conversely, a lifestage cancer potency ratio distribution that 
mainly lies below the value of 1.0 indicates early life exposure to a carcinogen results in a 
weaker tumor response relative to adult exposure. 

A lifestage potency (LP) ratio distribution was derived for each multi-lifestage study, resulting in 
22 prenatal ratio distributions representing 14 unique carcinogens, 55 postnatal LP ratio 
distributions representing 18 unique carcinogens, and seven juvenile LP ratio distributions 
representing five unique carcinogens.   The LP ratio distributions for a given early lifestage were 
combined into a single “LP ratio mixture distribution,” in order to show the range of 
susceptibilities of that lifestage to the carcinogens studied. 

LP ratio mixture distributions for a given early lifestage were developed by (1) obtaining a single 
LP ratio distribution for each chemical (when a chemical is represented by more than one study) 
and then (2) equally sampling across all chemicals.  When a chemical is represented by more 
than one study, then the LP ratio distributions from all studies of that chemical were combined 
by equally sampling from each LP ratio distribution via Monte Carlo methods to obtain a single 
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LP ratio distribution for that chemical.  (Appendix J describes this in more detail, as well as a 
sensitivity analysis that included two alternative sampling methods.)  Once each chemical is 
represented by a single LP ratio distribution, then the LP ratio mixture distribution for each early 
lifestage (prenatal, postnatal, and juvenile) is obtained by equally sampling across all of the 
chemicals via Monte Carlo methods. 

Figure 5.  Lifestage Potency Ratio (LPR) distribution. 

 

 

Effect of Longer Time Period for Cancer to Manifest  

The LP ratios described above characterize the inherent susceptibility of early lifestages to 
carcinogen exposure, by comparing potencies for individuals followed for similar periods of time 
and similarly exposed, but exposed during different lifestages.  Age-specific adjustments to the 
cancer potency must also take into account the longer period of time that carcinogen exposure to 
the young has to manifest as cancer.  Empirical data from studies of both humans and animals 
demonstrate that, for many cancers, cancer risk increases with age, or time since first exposure.  
While some cancers have been seen to increase by as much as the sixth power of age, a general 
approach taken for example by the National Toxicology Program in analyzing tumor incidences 
in its chronic bioassays is to assume that cancer risk increases by the third power of age.  Thus, 
consistent with the approach used by the NTP in analyzing rodent cancer bioassay data, the 
longer period of time that exposed young have to develop tumors is addressed by taking into 
account time-of-dosing. This was done by multiplying the LP ratio by a time-of-dosing factor, to 
yield an age sensitivity factor (ASF).  Specifically, the prenatal LP ratio is multiplied by a factor 
of 3.0, the postnatal LP ratio is multiplied by a factor of 2.9, and the juvenile LP ratio is 
multiplied by 2.7.  Thus, ASFs were developed for each experiment, by first calculating the LP 
ratio to address inherent susceptibility of early lifestages relative to adults, and then accounting 
for the effect of years available to manifest a tumor following carcinogen exposure. (see Figure 

= 
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Adult potency 
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6). Note that we are not using the term “sensitivity” in the immunologic sense (e.g., 
sensitization), but rather are using the term more generically. 

 

Figure 6.  Issues addressed by the Age-Sensitivity Factor (ASF) 
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Application of this approach for risk associated with lifetime exposures would include an ASF of 
less than 1 for exposures during the latter part of adult life for carcinogens that act on early 
stages.  Therefore, the addition of this adjustment to the younger lifestages but not to the later 
part of the adult period could overestimate the risk of whole-life exposures.  On the other hand, 
the 70 year “lifetime” used in estimating lifetime cancer risk does not reflect the longer lifespan 
of the U.S. population.  Further, as noted above, the animal bioassays on which potency was 
based typically exclude pre-weaning dosing and sacrifice animals during their late middle-age.  
Use of cancer potencies calculated from standard assays can therefore underestimate lifetime 
cancer risk.  The ASF calculated for carcinogens includes both inherent sensitivity of developing 
animals and the available time since exposure to develop cancer. 

Results of OEHHA Analysis 

The analyses indicate that both the prenatal and postnatal lifestages can be, but are not always, 
much more susceptible to developing cancer than the adult lifestage.  The analyses also indicated 
that the ASFs for these age windows vary by chemical, gender and species. 

Regarding prenatal lifestage exposure, few cases were indicative of equal inherent adult and 
prenatal susceptibility, with an LP ratio of unity.  The LP ratio distribution was roughly bimodal, 
with LP ratios for several studies significantly greater than unity and several others significantly 
less than unity.  Figure 7 below shows the ASFs from each of the prenatal multi-lifestage 
exposure studies, displayed as a cumulative frequency profile.  The median of the prenatal ASF 
mixture distribution was 2.9 (see also Table 6 in Appendix J), 

The modality in the prenatal LP ratio distribution was reflected in the DEN and ENU case 
studies, with results for DEN suggesting inherently less sensitivity than older animals from 
exposure in utero, and for ENU just the opposite.  For the DEN and ENU case studies, the 
referent groups were juvenile rather than adult animals, and the results may have underestimated 
the LP ratio and ASF, to the extent that some of the apparent sensitivity for DEN and ENU in the 
prenatal period carries through to the juvenile period.  ENU is a direct acting carcinogen that 
does not require metabolic activation, whereas DEN can not be metabolized to any significant 
extent by fetal tissues until relatively late in gestation. This may explain the lower fetal 
susceptibility of DEN.  However, prenatal metabolic status is not the sole determinant of prenatal 
susceptibility; e.g., benzidine and safrole require metabolic activation and exhibit greater 
susceptibility from prenatal exposure. 

The median of the postnatal ASF mixture distribution was 13.5 (see Table 7 in Appendix J).  
Figure 8 below shows the ASFs from each of the postnatal multi-lifestage exposure studies, 
displayed as a cumulative frequency profile.  Thus, for the chemicals studied, there was 
generally greater susceptibility to carcinogens during the early postnatal compared to the adult 
period, particularly when the ASF accounts for the longer period cancer has to manifest when 
exposure occurs early in life.  The DEN and ENU case studies also exhibited substantial extra 
susceptibility during the postnatal period.  To summarize, for most of the carcinogens studied 
here, rodents are inherently more sensitive in the postnatal period, as indicated by Figure 8. 
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Figure 7.  Prenatal ASF Cumulative Frequency Profile 

 

The median of the prenatal ASF mixture distribution was 2.9 (see also Table 6 in Appendix J).  
References are given in the legend on the next page 
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Figure 7 Legend (References as in Appendix J) 
 

1. Vesselinovitch et al. (1979a), mouse, B6C3F1, F, day -9 to 0 
2. Ibid, M, day -9 to 0 
3. Zeller et al. (1978), rat, Sprague Dawley, M/F day -2 
4. Turusov et al. (1992), mouse, CBA, F, day -2 
5. Mohr et al. (1975), hamster, Syrian Golden, day -15 to -1 
6. Mohr et al. (1995), hamster, Syrian Golden, F, day -3 
7. Althoff et al. (1977), hamster, Syrian Golden, M/F, day -9 to -3 

8. Ibid, day -9 to -3 
9. Althoff and Grandjean (1979), hamster, Syrian Golden, F, day -9 

to -3 
10. Druckrey and Landschutz (1971), rat, BD IX, M/F, day -10 
11. Ibid, day -3 
12. Naito et al. (1981), rat, Wistar, day -9 
13. Ibid, day -9 
14. Tomatis et al. (1977), rat, BDVi, F, day -5 

15. Althoff and Grandjean (1979), hamster, Syrian Golden, 
M/F, day -9 to -3 

16. Tomatis et al. (1971), mouse, CF-1, F day -4 to -1 
17. Turusov et al. (1973), mouse, CF-1, F, day -2 
18. Anderson et al. (1989), mouse, C3H & B6C3 F1,M/F 

day -8 to -4 
19. Vesselnovitch et al. (1979a), mouse, B6C3 

F1, M, day -9 to -3 
20. Vesselnovitch et al. (1979b), mouse, B6C3 

F1, F day -9 to -3 
21. Choudari Kommineni et al. (1970), rat, MRC, 

M/F, day -4 
22. Maltoni et al. (1981), rat, Sprague Dawley, 

M/F day -13 to -7 
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Figure 8.  Postnatal ASF Cumulative Frequency Profile 

 

The median of the postnatal ASF mixture distribution is 13.5. The dotted line represents the 
default ASF for weighting risk for carcinogen exposures to humans between the third trimester 
and 2 years of age (see next section).  References are given in the legend on the next page. 
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Figure 8 Legend (References as in Appendix J) 
 
1 Vesselinovitch et al. (1975b), mouse, B6C3F1, M, 

day 7-27 
2 Vesselinovitch et al. (1979), mouse, B6C3F1, F, 

day 1-21 
3 Ibid, M, day 1-21 
4 Truhaut et al. (1966), mouse, swiss, M/F, day 1 
5 Vesselinovitch et al. (1975a), mouse, B6C3F1, F, 

day 1 
6 Ibid, M, day 1 
7 Ibid, C3A F1, F, day 1 
8 Ibid, M, day 1 
9 Vesselinovitch et al. (1979a), mouse, B6C3F1, M, 

day 1-28 
10 Zeller et al. (1978), rat, Sprague Dawley, M/F, day 

2 
11 Wood et al. (1970), mouse, IF x C57, F, day 1-15 
12 Ibid, M, day 1-15 
13 Rao and Vesselinovitch (1973), mouse, B6C3F1, 

M, day 15 
14 Vesselinovitch et al. (1984), mouse, B6C3F1, F, 

day 1 
15 Ibid, M, day 1 
16 Ibid, F, day 15 
17 Ibid, M, day 15 
18 Ibid, C3A F1, F, day 1 
19 Ibid, M, day 1 
20 Ibid, F, day 15 
21 Ibid, M, day 15 
22 Meranze et al. (1969), rat, Fels-Wistar, F, day 10 
23 Ibid, M, day 10 
24 Walters (1966), mouse, BALB/c, F, day 17 
25 Ibid, M, day 17 
26 Martin et al. (1974), rat, BDIX, M/F, day 10 
27 Druckrey and Landschutz (1971), rat, BDIX, M/F, 

day 10 
28 Naito et al. (1985), gerbil, mongolian, F, day 1 

29 Ibid, M, day 1 
30 Bosch (1977), rat, WAG, F, day 8 
31 Ibid, M, day 8 
32 Naito et al. (1981), rat, Wistar, F, day 7 
33 Ibid, M, day 7 
34 Vesselinovitch et al. (1974), mouse, B6C3F1, F, 

day 1 
35 Ibid, M, day 1 
36 Ibid, F, day 15 
37 Ibid, M, day 15 
38 Ibid, C3A F1, F, day 1 
39 Ibid, M, day 1 
40 Ibid, M, day 15 
41 Anderson et al. (1978), rat, Wistar, F, day 9 
42 Klein (1959), mouse, A/He, F, day 8-31 
43 Ibid, M, day 8-31 
44 Terracini and Testa (1970), mouse, B6C3F1, F, 

day 1 
45 Ibid, M, day 1 
46 Terracini et al. (1976), mouse, C3Hf/Dp, F, day 1 
47 Ibid, M, day 1 
48 Chernozemski and Warwick (1970), mouse, B6A 

F1, F, day 9 
49 Ibid, M, day 9 
50 Vesselinovitch et al. (1979a), mouse, B6C3F1, M, 

day 1-21 
51 Vesselinovitch et al. (1979b), mouse, B6C3F1, M, 

day 1-21 
52 Della Porta et al. (1987), mouse, B6C3F1, F, day 

10-45 
53 Ibid, M, day 10-45 
54 Choudari Kommineni et al. (1970), rat, MRC, M/F, 

day 1-17 
55 Maltoni et al. (1981), rat, Sprague Dawley, M/F, 

day 1-35 
 

 

There were only five chemicals and seven studies, two of which were not independent, available 
to examine susceptibility in the juvenile period.  The juvenile LP ratios indicated significantly 
greater susceptibility in this period for three independent studies, with the remaining studies 
consistent with equal inherent susceptibility to adult animals (see Figure 16 in Appendix J).  
Figure 9 below shows the ASFs from each of the juvenile multi-lifestage exposure studies, 
displayed as a cumulative frequency profile.  The median of the juvenile ASF mixture 
distribution was 4.5 (see Table 8 in Appendix J). 
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Figure 9. Juvenile ASF Cumulative Frequency Profile 

 

The median of the juvenile ASF mixture distribution is 4.5. The dotted line represents the 
default value for weighting risk for carcinogen exposures between 2 and 15 years of age 
(see next section). 
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Figure 9 Legend (References as in Appendix J) 

1. Meranze et al. (1969), rat, Fels-Wistar, F, day 45 
2. Ibid, M, day 45 
3. Noronha and Goodall (1984), rat, CRL/CDF, M, 

day 46 
4. Anderson et al. (1978), rat, Wistar, F, day 28 
 
 

 
5. Grubbs et al. (1983), rat, Sprague Dawley, F, day 

50-57; adult comparison group dosed on days 80-87 
6. Ibid, F, day 50-57; adult comparison group dosed on 

days 140-147 
7. Choudari Kommineni et al. (1970), rat, MRC, M/F, 

day 28-43 
 

 

The studies that comprise the set of multi-lifestage exposure studies available for these analyses 
were not homogeneous.  That is, they do not represent observations from the same distribution.  
Sensitivity analyses were conducted to test the robustness of the findings to different procedures 
for analyzing data and combining results.  Of the methods used to combine the LC ratio 
distributions for underlying studies within each lifestage, the method of equally weighting 
studies within a chemical appeared to best represent the available data.  

In calculating the ASF, to take into account the longer period of time for early carcinogen 
exposures to result in tumors, the hazard function was assumed to increase with the third power 
of age.  This assumption is standard and has been borne out by a number of observations (Bailer 
and Portier, 1988).  If the true rate of increase with age is greater than that, then the use of these 
ASFs may result in underestimates of the true sensitivity of these early life stages. 

As the multi-lifestage exposure and case studies show, there appears to be considerable 
variability in age-at-exposure related susceptibility across carcinogens.  There is also variability 
in age-at-exposure related susceptibility among studies of the same carcinogen.  The sources of 
variability evident in the analyzed studies include timing of exposure within a given age window, 
and gender, strain, and species differences in tumor response.  The set of studies identified and 
analyzed was not sufficiently robust to fully describe the variability quantitatively.  This 
variability raises concerns that selection of the median (the 50th percentile) estimates may 
considerably underestimate effects for certain agents or population groups.  Relatively large 
variability in humans in response to carcinogens is expected to be common (Finkel, 1995).  On 
the other hand, the numbers of carcinogens represented in the available data are limited and may 
not be representative of the population of carcinogens to which we are exposed (e.g., greater than 
500 on the Proposition 65 list alone).  Thus, the size of the weighting factors used to weight risk 
by age at exposure is a policy decision. 

Several of the carcinogens studied induced tumors at multiple sites in the same experiment, and 
at different sites, depending upon the lifestage during which exposure occurred.  For these cases 
the combined multisite potency distribution referred to above was the basis for the lifestage 
comparison. This approach differs from other researchers investigating early vs. late in life 
differences who focused on tumor site-specific measures of carcinogenic activity (e.g., Barton et 
al., 2005; Hattis et al., 2004, 2005).  OEHHA believes that use of combined multisite potency 
distributions provides a more complete approach for considering age specific differences in 
carcinogenic activity.  However, the observation that early life is generally a period of increased 
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susceptibility was similarly found using the tumor site-specific approach by these other 
researchers. 

One limitation of the approach was the focus on lifestages, without attempting to describe 
changes in susceptibility that occur within a lifestage.  Timing of carcinogen exposure within a 
given age window can affect the cancer outcome.  For example, experiments with 1-ethyl-1-
nitroso-biuret in prenatal and adult rats showed a three-fold difference in activity between groups 
exposed on prenatal day -10 versus prenatal day -3.  In a second example, female rats exposed 
early in the adult period were more than three times as sensitive to the breast cancer effects of 
MNU as females exposed six weeks later.  In general, the adult comparison groups in the multi-
lifestage exposure studies were fairly young.  The extent to which this may result in an overall 
bias of the results presented here is unclear.  Also, for several cases, juvenile animals were used 
as the later life exposure group.  In these cases the ASFs are likely underestimates of the relative 
sensitivity of the prenatal and postnatal lifestages, compared to that of the adult lifestage. 

Excluded from the analysis were early in life studies in which the period of exposure for a 
specific exposure group crossed multiple lifestages.  An example of results from studies of this 
type is provided by mouse studies for two non-genotoxic carcinogens, diphenylhydantoin 
(Chhabra et al., 1993a) and polybrominated biphenyls (PBBs) (Chhabra et al., 1993b), in which 
exposures began prior to conception, and continued throughout the prenatal, postnatal, and post-
weaning period, up to the age of eight weeks.  The data demonstrate an increased sensitivity of 
the early life period.  Some studies that crossed multiple lifestages were included in the analyses 
of Barton et al. (2005) (Appendix I), which are consistent with the general conclusions discussed 
above. 

Selection of Default Age-Sensitivity Factors (ASF) 

Selection of appropriate values to use to weight exposures that occur early in life using default 
ASFs for prenatal, postnatal and juvenile exposures is complicated by the limited database of 
chemicals and studies available for analysis, and the broad distribution of results for different 
chemicals as is shown in Figure 7, Figure 8, and Figure 9 (see also Appendix J).  In view of the 
variability thus shown, and the considerable uncertainty in applying conclusions from this 
relatively small set of chemicals to the much larger number of chemicals of concern, it is 
probably unreasonable to specify a default ASF with greater than half-log precision (i.e. values 
of 1, 3, 10, 30 etc.).  Further, rodents are born at a stage of maturity that approximates a third 
trimester human.  Therefore, in the absence of chemical-specific data, OEHHA proposes to apply 
a default ASF of 10 for the third trimester to age 2 years, and a factor of 3 for ages 2 through 15 
years to account for potential increased sensitivity to carcinogens during childhood.  A factor of 
10 falls just below the median estimate of the ASF for postnatal studies. This is also the value 
selected by U.S. EPA; while it is consistent with the OEHHA analysis, it may underestimate risk 
for some chemicals.  The broad distribution of observed chemical-specific sensitivity ratios 
clearly indicates that there are some chemicals for which the sensitivity ratio is much larger than 
10.  Further research is needed to develop criteria for identifying these cases.  Similarly, a factor 
of 3 for juvenile exposures is consistent with the range of estimates derived from the multi-
lifestage exposure studies, and falls close to the median juvenile ASF estimate. It is 
acknowledged that there are few data available on which to base an estimate for the juvenile 
period. A factor of 3 adjusts for the longer time available for cancer to manifest, but may not 
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fully account for some inherent differences in susceptibility to cancer, for example the observed 
susceptibility of breast tissue of pubescent girls exposed to radiation.  For specific carcinogens 
where data indicate enhanced sensitivity during lifestages other than the immediate postnatal and 
juvenile periods, or demonstrate ASFs different from the default ASFs, the chemical-specific 
data should be used in order to adequately protect public health. 

The ASFs will be applied to all carcinogens, regardless of the theorized mode of action.  While 
U.S. EPA currently intends to apply weighting factors only to those carcinogens with “a 
mutagenic mode of action” (U.S.EPA, 2005), OEHHA notes that there is evidence that early life 
is a susceptible time for carcinogens that are thought to act via non-mutagenic mode of action 
(DES is a prime example).  Defining a mutagenic mode of action may be problematic if 
approached narrowly (ERG, 2008).  Further, carcinogens may have multiple modes of action and 
one mode may predominate over other modes at different lifestages.  The complexity of 
carcinogenesis argues against restricting the ASF to chemicals acting via a mutagenic mode of 
action.  

Figure 10 provides a visual comparison of the ASF mixture distributions for the three early-life 
stages, prenatal, postnatal, and juvenile.  In this figure, which is in log space, the policy choice of 
an ASF of 10 for exposures during the third trimester to age 2 years and 3 for the period of life 
from 2 to 15 years of age are indicated as vertical lines.  It is apparent from this figure that 
weighting risk from exposures to carcinogens early in life is well-supported. 

Figure 10.  Prenatal, Postnatal, and Juvenile ASF Mixture Distributions and relation to 
default ASFs 
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OEHHA recognizes the limitations in the data and analyses presented, as discussed above.  
However, the analyses do provide some guidance on the extent to which risk may be over or 
underestimated by current approaches.  While there is a great deal of variability across chemicals 
in the prenatal ASFs, the data indicate that the potency associated with prenatal carcinogen 
exposure is not zero.  A factor of 3 is close to the median ASF, while a factor of 10 falls roughly 
at the 70th percentile of the prenatal ASF estimate.  An ASF could be applied as a default when 
calculating lifetime cancer risk in humans arising from carcinogen exposures that occur in utero.  
In view of the considerable variability in the data for different carcinogens and the limited 
database available for analysis, OEHHA is not proposing the application of a specific factor to 
cancer potency estimates for prenatal exposures in the first and second trimesters as a default 
position in these Guidelines.  However, given that the rodent is born at a stage of maturation 
similar to a third trimester fetus, it is reasonable to include the third trimester in the 10X potency 
weighting proposed up to age 2 years. The applicability of a cancer potency adjustment factor for 
first and second trimester prenatal exposure will be evaluated on a case-by-case basis, and may 
be used as evidence develops that supports such use.  The consideration of prenatal exposures, 
including application of an appropriate susceptibility factor, would not make a large difference 
for risk estimates based on continuous lifetime exposures, due to the relatively short duration of 
gestation.  However, risk estimates for short-term or intermittent exposures would be slightly 
increased by inclusion of the risks to the fetus during the prenatal period.  Thus, risk may be 
underestimated when the first and second trimesters are excluded from the analysis. 

Age Bins for Application of ASFs 

The choice of human ages to which the ASFs apply is based on toxicodynamic and toxicokinetic 
considerations.  Important toxicodynamic factors related to susceptibility to carcinogens include 
the rate of cellular proliferation and differentiation, which is quite high during organ maturation.  
In addition, toxicokinetic differences by age are important, due to impacts on detoxification and 
clearance of carcinogens (see following section).  OEHHA’s analysis of the influence of age-at-
exposure on carcinogenesis broke the experimental rodent data into age bins that we termed 
“lifestages” including prenatal, “postnatal” (birth to weaning, about day 21) and “juvenile” 
(weaning to sexual maturation, or about day 22 to about day 49).  Experiments were placed into 
the lifestage bins if exposure occurred at some time during the experimental rodent age bin.  

There is no simple way to compare the rodent age groups used in the OEHHA analysis of 
available data to equivalent age groups in humans.  Complicating factors include variations in 
organ system structural and functional maturation both within and between species. Further, the 
rodent age bins were chosen by gross indicators of development namely birth, weaning and 
sexual maturation, not on the basis of known susceptibility to carcinogenesis. Thus, critical 
factors relating to carcinogen susceptibility by age are the focus of the choice of human age bins 
to which the ASFs of 10 and 3 apply, rather than an attempt at exact correlation of rodent 
lifestage bin with human age. 

The investigations used by OEHHA to evaluate the relationship between age at exposure and 
cancer potency were not conducted by standardized protocol.  Further, the windows of 
susceptibility are quite varied by chemical and organ system, even within the lifestages defined 
in the OEHHA analysis.  This complicates choosing a default ASF and the human age bin to 
which it applies. Examples from animal studies provided in Appendix J include the chemical 
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diethylnitrosamine (DEN).  The cancer potency varied over several orders of magnitude 
depending on when during gestation and postnatal life the exposure occurred. A three-fold 
difference in potency between exposure on prenatal day -3 and prenatal day -10 is noted for 1-
ethyl-1-nitrosobiuret in rats.  There are also human examples of extensive variation of potency 
by age at exposure, including radiation, DES, and chemotherapeutic agents.  The diversity of 
responses to different agents obviously underscores uncertainty in the choice of age bins to apply 
the default ASFs.  However, the ASFs are a default to use when you have no chemical-specific 
data on influence of age-at-exposure on potency in order to protect public health.  There will 
always be specific chemical examples where the ASF for either the third trimester-<2 yrs or 2-
<16 yrs age bin is quite a bit larger or quite a bit smaller than the default.  

In the following sections, we discuss our logic in proposing age bins of third trimester to age 2 
years, and 2 to age <16 years to which the ASFs of 10 and 3 apply, respectively, and indicate the 
impact on risk estimates of these age bins. 

Toxicokinetic Factors Relevant to Age Bins 

Choice of the age-bins to which the default ASFs are applied is based on our understanding of 
the two primary drivers of age-related sensitivity to carcinogens, namely age-related 
toxicokinetic factors and toxicodynamic factors.  In the case of toxicokinetics, the largest 
postnatal differences in xenobiotic metabolic capability occur between infants and adults.  As 
noted in OEHHA (2001) and reviewed in detail elsewhere (e.g., Cresteil et al., 1998; Ginsberg et 
al., 2004), hepatic drug metabolism by the cytochrome P-450 family of enzymes and the Phase II 
conjugating enzymes undergoes a maturation process during the first few years of life.  The 
hepatic cytochrome P-450 enzymes exist in fetal isoforms at birth, and progressively change to 
adult isoforms at a relatively early stage of postnatal development.  Thus, in humans the 
metabolic capability towards prototypical substrates develops over the first year of life towards 
adult levels.  Similarly, the largest differences in metabolic capability of Phase II enzymes 
(conjugation of xenobiotic metabolites prior to excretion) tend to be between infants and adults.    
Other factors such as renal capability also are most different between neonates and adults.  Thus, 
the first 2 years of life would encompass the increased sensitivity of early life stages due to 
toxicokinetic differences between early life and adulthood. 

Ontogeny of Cytochrome P-450 Enzymes in Humans. 

Cresteil (1998) describes three groups of neonatal cytochrome P-450: Cyp3A7 and Cyp4A1 
present in fetal liver and active on endogenous substrates; an early neonatal group including 
Cyp2D6 and 2E1 which surge within hours of birth; and a later developing group, Cyp3A4, 
Cyp2Cs, and Cyp1A2.  Total Cyp 3A protein, a major cytochrome P-450 enzyme responsible for 
biotransformation of many xenobiotics, is relatively constant in neonates and adults. However, 
Cyp3A7 is the primary fetal form (Hakkola et al., 1998), while Cyp3A4 is the primary adult 
hepatic form of the 3A series. At one month Cyp3A4 activity is about one-third of that in the 
adult liver (Lacroix et al., 1997; Hakkola et al., 1998). Allegaert et al. (2007) stated that Cyp3A4 
(testosterone-6ß-hydroxylase) activity equaled or exceeded adult activity after 1 year of age.  
Cyp2E1, which metabolizes benzene, trichloroethylene and toluene, among others, increases 
gradually postnatally, reaching about one-third of adult levels by one year of age and attains 
adult levels by 10 years of age (Vieira et al., 1996; Cresteil, 1998).  Cyp1A2, and Cyp2C9 and 
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2C19, the most abundant Cyp2 enzymes in adult human liver, appear in the weeks after birth, 
and reach 30% to 50% of adult levels at about 1 year of age (Treluyer et al., 1997; Hines and 
McCarver, 2002).  Cyp1A1 is expressed in fetal liver where it can activate such xenobiotics as 
benzo[a]pyrene and aflatoxin B1 (Shimada et al., 1996), but is less important in adult liver 
(Hakkola et al., 1998).   

Ontogeny of Cytochrome P-450 Enzymes in Rodents. 

Hart et al. (2009) report developmental profiles of a number of cytochrome P-450 enzymes 
(measured as levels of mRNA transcripts of the specific genes) in mice.  They identified three 
groups of isoforms.  Group 1 (Cyp3A16 in both sexes; Cyp3A41b in males) appeared rapidly 
after birth but declined to essentially zero at 15-20 days, which is the period of weaning in mice.  
A second group (Cyp2E1, Cyp3A11 and Cyp4A10 in both sexes; Cyp3A41b in females) also 
increased rapidly after birth, but reached a stable maximal level by postnatal day 5.  The third 
group (Cyp1A2, Cyp2A4, Cyp2B10, Cyp2C29, Cyp2D22, Cyp2F2, Cyp3A13 and Cyp3A25) 
were expressed only at low levels until days 10 to 15, but reached high stable levels by day 20. 

ElBarbry et al. (2007) examined the developmental profiles of two toxicologically significant 
cytochrome P-450 enzymes, Cyp1A2 and Cyp2E1 in rats.  mRNA transcripts of these genes 
were very low postnatally, but thereafter increased to reach a peak at or shortly after weaning 
(postnatal day 21 - 28 for rats).  Immunoreactive Cyp1A2 and Cyp2E1 proteins were first 
detectable at postnatal day 3 and reached 50% of adult levels at weaning and adult levels at 
puberty.  Differences in profiles between gene expression as mRNA and appearance of specific 
proteins as determined by immunoassay may reflect changes in the relative importance of 
transcription and translation control processes at various phases in development.  Enzyme 
activities characteristic of Cyp1A2 and Cyp2E1 were found to parallel gene expression levels 
(ElBarbry et al., 2007) rather than immunodetectable protein levels, so there may also be issues 
of cross-reactivity between these two isoenzymes and others for which gene expression was not 
measured in these experiments. 

In summary, the gene expression data in rats and mice show differences in details, but broadly 
resemble one another in that the main changes occur in the early postnatal period, with the major 
adjustments completed at or around the time of weaning, although the adult pattern may not be 
completely established until puberty.  There do not appear to be substantive data for 
experimental species other than rats and mice, although the situation in humans appears similar 
in general outline and one may conclude that this pattern or some variant of it is characteristic of 
mammalian species in general. 

Ontogeny of Phase II Enzymes 

Phase II conjugating enzymes are generally less active in the neonate than the adult (Milsap and 
Jusko, 1994).  Hence, there is concern that detoxification and elimination of chemicals is slower 
in infants.  In humans, expression of some of the UGT enzymes matures to adult levels in two 
months after birth, although glucuronidation of some drugs by the UGT1A subfamily does not 
reach adult levels until puberty (Levy et al., 1975; Snodgrass, 1992; McCarver and Hines, 2002).  
Reduced glucuronidation in neonates slows the clearance of N-hydroxyarylamines, phenol, and 
benzene metabolites.  Acetylation by the N-acetyltransferases and sulfation by sulfotransferases 
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are generally somewhat comparable to adult levels, although it varies by tissue and by specific 
sulfotransferase (McCarver and Hines, 2002).  Human glutathione sulfotransferase (GST) is 
present as a fetal isoform which decreases postnatally, while GST-alpha and GST-mu increase 
over the first few years of life to adult levels (McCarver and Hines, 2002).  Epoxide hydrolase, 
important in detoxifying reactive epoxide metabolites, is present in neonatal liver although at 
much reduced activity relative to adults (McCarver and Hines, 2002). 

Clearances of Drugs in Infants and Children vs. Adults 

Several investigators have evaluated age-related drug disposition (Renwick, 1998; Renwick et 
al., 2000; Ginsberg et al., 2002; Hattis et al., 2003).  Renwick et al. (2000) noted higher internal 
doses in neonates and young infants versus adults for seven drugs that are substrates for 
glucuronidation, one with substrate specificity for CYP1A2, and four with substrate specificity 
for CYP3A4 metabolism.  Ginsberg et al (2002) evaluated toxicokinetic information on 45 drugs 
in children and adults metabolized by different cytochrome P-450 pathways, by Phase II 
conjugations, or eliminated unchanged by the kidney. These authors noted half-lives 3-9-fold 
longer in infants than those in adults.  It was also shown that the bulk of the elevated child/adult 
half-life ratios occurred primarily in the 0 to 6 month age range, and that for some compounds 
the clearance is actually higher in the 6 month to 2 year age grouping.  In evaluating the 
interindividual variability by age, Hattis et al (2003) note that the largest interindividual 
variability occurs in the youngest children, apparently due to variability in development of 
critical metabolism and elimination pathways.  Anderson and Holford (2008) noted that a 
comparison of three early-life drug clearance models (surface area, allometric ¾ power and per 
kilogram scaling) all demonstrated an increase in clearance over the first year of life due to the 
maturation of metabolic capacity.  

Renal elimination depends on maturity of processes related to tubular reabsorption and secretion, 
and glomerular filtration rates.  At birth, the glomerular filtration rate (GFR) is low (2-4 ml/min), 
increases in the first few days (8-20 ml/min) and slowly increases to adult values in 8-12 month 
old infants (Plunkett et al., 1992; Kearns et al, 2003).   

Newborn and young animals have less capacity to excrete chemicals into the bile than do adult 
animals.  A number of chemicals are excreted more slowly via bile in neonates than adult rats, 
including ouabain, the glucuronide conjugate of sulfobromophthalein (Klaassen, 1973), and 
methyl mercury (Ballatori and Clarkson, 1982), resulting in a longer half-life in neonates.  

Toxicodynamic Factors Relevant to Age Bins  

Important as the developmental changes in toxicokinetics are in determining sensitivity to 
carcinogens and other toxicants, it is likely that the toxicodynamic differences, i.e. intrinsic 
differences in susceptibility to carcinogenesis at the tissue or cellular level, are even more 
influential.  Changes in cell division rates and differentiation, which are thought to be important 
toxicodynamic determinants of susceptibility to carcinogenesis, peak in the first 2 years of life 
for most major organ systems.  Cell division continues to accommodate growth throughout 
childhood and adolescence, extending in some cases even into the young adult period in both 
humans and experimental animals.  Adolescence is an important period for organ cell division 
and differentiation for the mammary gland and reproductive organs. 
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As noted above, one of the key factors influencing susceptibility to carcinogenesis is believed to 
be cell division rate, which acts both by forcing error-prone repair which fixes DNA damage as 
mutated gene sequences (McLean et al, 1982) and by promoting expansion of mutated clones 
(Moolgavkar and Knudson, 1981).  Actual cell division rates as a function of age are hard to 
determine for practical and (in the human case) ethical reasons.  However, growth curves 
expressed as the proportional increment in body weight with time may be regarded as a 
reasonable although not perfect surrogate since for most tissues of the body cell size does not 
change markedly during growth.  Both humans and rodents show remarkably high growth rates 
in infancy, which then drop steeply to a lower but still significant rate during childhood.  A 
growth spurt at the beginning of adolescence is noticeable in its absolute magnitude, especially 
in males, but does not approach the proportional growth rate seen in infancy.  The time intervals 
proposed to reflect the period of highest sensitivity to carcinogenesis (up to about 21 days in 
rodents, up to 24 months in humans) encompass the period of highest growth rate and thus it is 
assumed the highest cell division rates, as show in the following charts: 

 

Data from CDC NHANES 2000: 
http://www.cdc.gov/nchs/about/major/nhanes/growthcharts/datafiles.htm 
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Data from Tables A3 and A4 of Appendix J 

Cell division rates in adult rodents and humans are harder to relate to growth curves since at least 
some tissues retain active cell division as part of their ongoing functionality and repair.  In 
humans growth in body weight slows to essentially zero at the end of adolescence (and any later 
increments represent tissue specific changes such as increase in muscle or adipose tissue mass 
rather than overall growth).  On the other hand, rodents continue to increase in body size (at a 
modest rate compared to that seen in earlier lifestages) throughout the adult period.  However, it 
appears reasonable to conclude from the body weight data that an essentially adult pattern of 
overall cell division is established by the late adolescent period (age six weeks in rodents; 16 
years in humans).  However, increased cell division and cell differentiation are seen in the 
reproductive system and its accessories during puberty. 

Organ Development 

The age intervals chosen for the ASFs are generally supported by human organ system 
development data.  Examples of supporting data are available for the lung, brain, immune system 
and liver.  Zeltner and Burri (1987) stated that postnatal lung development consists of an alveolar 
stage, which lasts to about 1-1.5 years of age, and a stage of microvascular maturation, which 
exists from the first months after birth to the age of 2-3 years.  Pinkerton and Joad (2006) 
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describe alveolar proliferation as occurring most prominently in the 0-2 year age range, with 
alveolar expansion continuing in the 2-8 year age range.  Ballinoti et al. (2008) demonstrated that 
addition of alveoli rather than expansion is a major mode of lung growth in infants and toddlers 
by measuring a constant carbon monoxide diffusion capacity to lung volume from 3 through 23 
months of age.  Kajekar (2007) also considered the 0-2 age range to be the primary period of 
alveolar development, although there is continued cellular proliferation resulting in lung growth 
and expansion up to approximately 18 years of age.   

Rice and Barone (2000) note that most of the cell proliferation phase of human radial glia and 
neuronal growth is finished by 2 years of age, based on evidence in Bayer et al. (1993).  They 
note further that numerous studies have shown actively proliferating brain regions are more 
susceptible to anti-mitotic agents than the same structures after active proliferation ceases.  Peak 
brain growth as a percentage of body weight occurs at birth and around post-natal day (PND) 7-8 
in humans and rats, respectively (Watson et al., 2006).  De Graaf-Peters and Hadders-Algra 
(2006) reviewed the ontogeny of the human central nervous system and found that a large 
amount of axon and dendrite sprouting and synapse formation and the major part of telencephalic 
myelination take place during the first year after birth.  While the brain continues to remodel 
itself throughout life, cellular proliferation in the whole brain peaks by about one year of age and 
is relatively complete by age 2.  Development of the blood-brain barrier (BBB) appears to 
continue in humans until approximately 6 months of age.  Rat BBB functionality is essentially 
complete by approximately two weeks after birth (Watson et al., 2006). 

The immune system development occurs in stages, primarily prenatally in primates and both pre- 
and post-natally in rodents (Dietert et al., 2000).  Formation and expansion of hematopoetic stem 
cells is followed by expansion of lineage-specific stem cells, colonization of bone marrow and 
thymus, and maturation of cells to immunocompetence.  In the primate, this is largely complete 
by 1 to 2 years of age (Holsapple et al., 2003), although establishment of immune memory 
develops throughout childhood and beyond.  In the rodent, maturation to immunocompetence 
occurs postnatally from birth to about 30 days of age.  In terms of carcinogenesis, perhaps one of 
the more important immune cells is the NK cell, thought to be responsible for immune 
surveillance and killing of circulating transformed cells.  Based on immunohistochemistry, the 
principal cell lines including NK cells are present at gestation day 100 in the monkey and are at 
about 60% of adult values at birth (Holladay and Smialowicz, 2000). 

As noted above, renal and hepatic clearance are both lower in humans at birth than in adults.  
Nephrogenesis is complete by 35 weeks gestation in humans and before birth in the mouse (but 
after birth in the rat).  The ability to concentrate urine and the development of acid-base 
equilibrium appear in the first few months after birth (Zoetis and Hurtt, 2003).  Renal clearance 
of drugs, a function of a number of processes in the kidney, appears to be comparable to adults 
within the first few months of life (Hattis et al., 2003; Ginsberg et al., 2002), while glomerular 
filtration, which rises rapidly over the first few postnatal months, is at adult values by two years 
of age (Zoetis and Hurtt, 2003).  While complete anatomic maturity of the human liver is noted 
by 5 years of age (Walthall et al, 2005), liver function also appears to mature within the first year 
of life as seen by drug clearance studies cited above. 
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Critical Windows of Susceptibility to Carcinogens 

It has been shown that there are critical windows during development both pre-and postnatally 
where enhanced susceptibility to carcinogenesis occurs (Anderson et al, 2000).  Some of these 
observations relate to factors affecting the incidence of cancers in childhood, resulting from 
prenatal or preconception mutational events.  For example, prenatal exposure to ionizing 
radiation and DES can result in leukemia and vaginal carcinoma, respectively, in childhood.  
Although obviously a source of great concern, these cancers appearing during childhood are 
relatively rare compared to cancers appearing later in life.  Thus the concern in risk assessment 
for early in life exposures is to address the lifetime cancer incidence as a result of these 
exposures, including both cancers appearing during childhood and those appearing later.   

OEHHA (see Appendix J) and other investigators (U.S. EPA, 2005; Barton et al, 2005; Hattis et 
al., 2004) have examined the available rodent data on sensitivity to carcinogenic exposures early 
in life.  All these investigators found substantial increases in sensitivity to carcinogens in animal 
studies where exposures to young animals were compared to similar exposures to adults.  Hattis 
et al. (2004) reported maximum likelihood estimates for the ratio of  carcinogenic potency during 
the period from birth to weaning to the adult potency of between 8.7 and 10.5, whereas Barton et 
al (2005) reported a weighted geometric mean of 10.4 for the ratio of juvenile (less than 6-8 
weeks) to adult potency in rodents.  However, the number of experiments which provide 
information of this type, and the carcinogenic agents which have been studied, are relatively 
limited.  Hattis examined several different datasets and study designs, but these covered only 13 
different chemicals, while the mean value reported by Barton et al. was based on only six of the 
18 chemicals which they examined.  OEHHA’s analysis included data in rodents on 23 
chemicals, and found median potency ratios of 13.5 for the postnatal period (birth to day 22) and 
4.5 for the juvenile period (postnatal days 22 to ~49) relative to adults (day ~49 to 2 years).  
These potency ratios include the adjustment for time to manifest tumor (e.g., age to the power of 
three), unlike the earlier investigations.  All these investigations identified variations in the 
observed lifetime potency ratio depending on the type of experimental design, the sex of the 
animals, the time of exposure and especially between chemicals.  Nevertheless these analyses, 
although falling far short of a comprehensive evaluation of the age dependence of carcinogenic 
potency for all the chemicals of interest, do show a consistent overall trend of increasing potency 
for exposures early in life, especially soon after birth. 

An evaluation of cancer induction by ionizing radiation also provides support for the concept of 
enhanced sensitivity to carcinogenesis at younger ages.  Various studies of this phenomenon 
have been undertaken in animal models, but the important point for the present discussion is that 
epidemiological data exist which indicate age-dependent sensitivity in humans (U.S. EPA, 1994; 
1999).  The most extensive data set showing age-dependent effects is that for Japanese survivors 
of the atomic bomb explosions at Hiroshima and Nagasaki.  Analysis of these data shows linear 
increases in tumor incidence at a number of sites with increasing radiation dose and younger age 
at exposure.  There are other data suggesting humans are more susceptible to chemical 
carcinogens when exposure occurs in childhood.  These data exist for tobacco smoke (Marcus et 
al., 2000; Wiencke et al., 1999) and chemotherapy and radiation (Mauch et al., 1996; Swerdlow 
et al., 2000; Franklin et al., 2006). 
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Proposed Age Bins for Application of Default Age Sensitivity Factors 

In developing a default science-based risk assessment policy to address this general conclusion, 
one key variable to define is the age interval or intervals over which age-dependent sensitivity 
factors should be applied.  Different investigators have considered different age ranges, but in 
general the more sensitive period has at least been defined as including the time from birth up to 
mid-adolescence when the major phases of growth and hormonal change are complete.  It is also 
recognized that, apart from the dramatic prenatal developmental events, the earliest postnatal 
stages represent the greatest differences in physiology and biochemistry from the adult.  This 
reflects the immaturity of many organ systems, extremely rapid growth, and the incomplete 
maturation of various metabolic capabilities.  As noted earlier, the rodent age bins in OEHHA’s 
analysis were based on gross developmental milestones (birth, weaning, sexual maturity).  
OEHHA’s analysis of studies that included exposure sometime between birth and weaning 
indicated this period as having the highest sensitivity to carcinogenesis.  The data for the later 
juvenile period (postnatal days 22 to ~ 49) are somewhat sparse, covering only three carcinogens 
and only one where there are corresponding data for both postnatal and juvenile lifestages.  
However, it appears based on the overall range of potency ratios observed for the juvenile period 
that sensitivity to many carcinogens is elevated in this period also, but to a lesser extent than 
during the first 22 days.  [Hattis et al. (2005) and Barton et al. (2005) report analyses for 
exposures at any time during the juvenile period, i.e. up to 6-8 weeks, and do not separate by 
additional age bins].   

Weaning is not such an obvious or consistently timed transition for humans, being subject to a 
wide range of cultural and economic variables.  However, it is generally considered that the 
human infant period encompasses the first two years of life.  This period includes the most rapid 
periods of cellular division and differentiation for the major organ systems (excluding the breast 
and reproductive organs).  Although there is linear growth between 2 and 8 years of age, the 
organ development is largely although not entirely complete.   

Thus, considering both the development of major organ systems and the associated differences in 
toxicodynamic and toxicokinetic factors, OEHHA initially proposed to apply the postnatal ASF 
derived from rodent studies (birth to 21 days) to the human age intervals of birth - < 2 years.  
Similarly, OEHHA chose to apply the “juvenile” ASF derived from rodent studies (22 - ~49 
days) to the human ages 2 - < 16 years.  This timetable was also selected by U.S. EPA (2005) in 
their supplemental guidance for assessing early-life susceptibility to carcinogens.  They describe 
their choice of critical periods as follows: 

“The adjustments described below reflect the potential for early-life exposure to make a 
greater contribution to cancers appearing later in life. The 10-fold adjustment represents 
an approximation of the weighted geometric mean tumor incidence ratio from juvenile or 
adult exposures in the repeated dosing studies (see Table 8). This adjustment is applied 
for the first 2 years of life, when toxicokinetic and toxicodynamic differences between 
children and adults are greatest (Ginsberg et al., 2002; Renwick, 1998). Toxicokinetic 
differences from adults, which are greatest at birth, resolve by approximately 6 months to 
1 year, while higher growth rates extend for longer periods. The 3-fold adjustment 
represents an intermediate level of adjustment that is applied after 2 years of age through 
<16 years of age. This upper age limit represents middle adolescence following the 
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period of rapid developmental changes in puberty and the conclusion of growth in body 
height in NHANES data (Hattis et al., 2005). Efforts to map the approximate start of 
mouse and rat bioassays (i.e., 60 days) to equivalent ages in humans ranged from 10.6 to 
15.1 years (Hattis et al., 2005).” 

There is general agreement that rodents are born at a maturational stage approximately 
equivalent to a third trimester human fetus.  Thus, there is good rationale to include the third 
trimester of pregnancy in the age bin for application of the ASF of 10.  Therefore, OEHHA is 
applying the ASF of 10 for exposures during the third trimester of pregnancy to age 2.  The 
default ASF values used by OEHHA are summarized in Table 2. 

While there is strong evidence that growth and therefore cell proliferation rates and cell 
differentiation are extremely high prior to age 2, and lower (although still elevated relative to the 
adult) thereafter, there is still residual uncertainty with respect to the cut point for application of 
the ASFs of 10 and 3.  Thus, another possible approach would be to move the cut point for the 
application of the ASF of 10 to a later age to account for this uncertainty.  We present the effect 
on risk estimates of varying cut points in Table 3 and Table 4. 

Table 2.  Default Age Sensitivity Factors to be used to estimate cancer risks to infants and 
children 

R (third trimester to age 2yrs)  10 
R (age 2 to age 16 yrs)  3 
R (age 16 to 70 yrs) 1 

 

Application of ASFs in Risk Assessment 

The effect of using the proposed default ASFs in calculating cancer risk over a 70 year lifetime, 
and for a 9 year exposure common in the Hot Spots program risk assessments is demonstrated in 
Table 3 and Table 4 below.  Ignoring for the moment the increased exposures to carcinogens that 
children experience, the effect of the weighting factors is to increase the lifetime cancer risk by 
about 2.  For risks from shorter exposures, such as the commonly used 9 year exposure scenario, 
OEHHA proposes to evaluate risk from exposures starting at the third trimester in the 
surrounding general population.  The weighting factors in this case increase the risk to a larger 
extent.  Depending on the exposure scenario, the use of age-specific distributions for uptake rates 
for air, food and water would also increase the risk estimates significantly independent of any 
application of ASFs.  This is because the uptake rates for all these media per unit of body weight 
are higher in children and, especially, infants. 

Assessing risks to short-term exposures to carcinogens involves additional uncertainties.  The 
cancer potency factors are generally based on long-term exposures.  However, in reality, the 
local air districts in California are frequently assessing risk from short term activities related to 
construction, mitigation of contaminated soils, and so forth.  OEHHA recommends that when 
assessing such shorter term projects, the districts assume a minimum of 2 years of exposure and 
apply the slope factors and the 10 fold ASF to such assessments.  Exposure durations longer than 
2 years would use the method for the remaining years as noted above. 
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Table 3.  Example of default ASF use for a lifetime exposure (not adjusted for age-specific 
exposure) 

Carcinogen Potency = 1 (mg/kg-d)-1    
Exposure = 0.0001 mg/kg-d    
No consideration of differences of exposure    
    
No adjustment: Lifetime Risk = potency × dose   Risk 
70 year Lifetime risk = 1 × 0.0001    1.0 × 10-4 
    
 
With proposed default ASF of 10 for third 
trimester to age 2, and 3 for ages 2 to 16 years: 
LR = Σ (potency x dose x ASF x fraction of 
lifetime) ASF Duration Risk 

R (third trimester to age 2yrs)  10 2.25/70 0.321 × 10-4 
R (age 2 to age 16 yrs)  3 14/70 0.600 × 10-4 
R (age 16 to 70 yrs) 1 54/70 0.771 × 10-4 

70 year Lifetime Risk   1.7 × 10-4 
 
For comparison, if ASF of 10 were applied to 
age 5, and ASF of 3 for the ages 5 to 16 years: 
LR = Σ (potency x dose x ASF x fraction of 
lifetime) ASF Duration Risk 
R (birth to age 5)  10 5.25/70 0.750 × 10-4 
R (age 5 to 16 yrs)  3 11/70 0.471 × 10-4 
R (age 16 to 70 yrs) 1 54/70 0.771 × 10-4 
70 year Lifetime Risk   2.0 × 10-4 
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Table 4.  Example of default ASF use for a 9-year exposure   

Carcinogen Potency = 1 (mg/kg-d)-1    
Exposure = 0.0001 mg/kg-d    
No consideration of differences of exposure    
    
No adjustment: Total Risk = potency × dose x 
fraction of lifetime  Duration Risk 
9-year Total Risk  9/70 0.13 × 10-4 
    
With default ASF of 10 for third trimester to 
age 2 and 3 thereafter: LR = Σ (potency x dose 
x ASF x fraction of lifetime) ASF Duration Risk 
R (third trimester to age 2yrs)  10 2.25/70 0.321 × 10-4 
R (age 2 to 9 yrs)  3 7/70 0.300 × 10-4 
9 year Total Risk   0.62 × 10-4 
 
For comparison, if ASF of 10 applied to age 5, 
and ASF of 3 thereafter: LR = Σ (potency x 
dose x ASF x fraction of lifetime) ASF Duration Risk 
R (birth to age 5 yrs)  10 5/70 0.750 × 10-4 
R (age 5 to 9 yrs)  3 4/70 0.171 × 10-4 
9 year Total Risk   0.92 × 10-4 

 

 

Special Consideration of Puberty 

In addition to the general concerns over increased sensitivity to carcinogenesis during infancy 
and childhood, there are specific concerns for exposure during the period when hormonal and 
developmental changes associated with puberty are in process, especially for carcinogens with 
hormonal modes of action or with impacts on the reproductive system and its accessory organs.  
At puberty, there is increased development of breast and reproductive organs that clearly 
involves rapid cellular division and differentiation.  Thus, for carcinogens that induce mammary 
and reproductive organ cancers, puberty represents a time of increased sensitivity.  As noted in 
the section on Selection of Default Age-Sensitivity Factors (page 50), if the risk assessor is 
evaluating a chemical with the potential for more than usually enhanced potency during this 
period, such as those which induce mammary or reproductive organ tumors (e.g., a polycyclic 
aromatic hydrocarbon), then the risk assessment may use a larger ASF to calculate risk from 
exposure during puberty.  OEHHA may recommend chemical-specific ASFs for puberty to the 
local air quality management districts for use in the Air Toxics Hot Spots program.  
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U.S.EPA Analysis of the Effect of Age at Exposure on Cancer Potency 

U.S. EPA addressed the potential for increased susceptibility to cancer caused by environmental 
chemicals when the exposure occurs during an early lifestage in “Supplemental Guidance for 
Assessing Susceptibility from Early-Life Exposure to Carcinogens” (U.S. EPA, 2005b) (referred 
to henceforth as the Supplemental Guidance).  This document is intended to be a companion to 
the revised “Guidelines for Carcinogen Risk Assessment” (U.S. EPA, 2005a).  We present a 
summary of their analysis, which supports the policy decision to weight cancer potency and 
therefore risk by age-at-exposure.  As previously noted, there are several methodological 
differences between the U.S. EPA analysis and the OEHHA analysis.  Of note, in the OEHHA 
analysis all treatment-related tumors that were observed in a given lifestage exposure experiment 
were taken into account in estimating cancer potency.  Thus in comparing cancer potencies 
associated with early life vs. adult exposure, OEHHA compared the total cancer risk associated 
with exposure during a given lifestage, rather than comparing the risk for cancers at one single 
site in each lifestage, as the U.S. EPA did.  In addition, the age groupings are somewhat different 
in the U.S. EPA analysis from those used by OEHHA in their analysis (described above).  For 
example, prenatal (in utero) exposures were not part of the analysis performed by U.S. EPA, and 
that Agency’s analyses did not distinguish between postnatal and juvenile exposures.   

U.S. EPA oral exposure cancer risk methodology relies on estimation of the lifetime average 
daily dose, which can account for exposure factor differences between adults and children (e.g., 
eating habits and body weight). However, early lifestage susceptibility differences have not been 
taken into consideration when cancer potency factors were calculated.  The Supplemental 
Guidance document focused on studies that define the potential duration and degree of increased 
susceptibility that may arise from early-life exposures.  An analysis of those studies including a 
detailed description of the procedures used was published in Barton et al. (2005) (included as 
Appendix I).  The criteria used to decide if a study could be included in the quantitative analysis 
are as follows (excerpted from U.S. EPA, 2005b): 

1. Exposure groups at different post-natal ages in the same study or same laboratory, if not 
concurrent (to control for a large number of potential cross-laboratory experimental 
variables including pathological examinations), 

2. Same strain/species (to eliminate strain-specific responses confounding age-dependent 
responses), 

3. Approximately the same dose within the limits of diets and drinking water intakes that 
obviously can vary with age (to eliminate dose-dependent responses confounding age-
dependent responses), 

4. Similar latency period following exposures of different ages (to control for confounding 
latency period for tumor expression with age-dependent responses), arising from sacrifice 
at >1 year for all groups exposed at different ages, where early-life exposure can occur up 
to about 7 weeks. Variations of around 10 to 20% in latency period are acceptable, 

5. Postnatal exposure for juvenile rats and mice at ages younger than the standard 6 to 8 
week start for bioassays; prenatal (in utero) exposures are not part of the current analysis. 
Studies that have postnatal exposure were included (without adjustment) even if they also 
involved prenatal exposure, 
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6. “Adult” rats and mice exposure beginning at approximately 6 to 8 weeks old or older, i.e. 
comparable to the age at initiation of a standard cancer bioassay (McConnell, 1992). 
Studies with animals only at young ages do not provide appropriate comparisons to 
evaluate age-dependency of response (e.g., the many neonatal mouse cancer studies). 
Studies in other species were used as supporting evidence, because they are relatively 
rare and the determination of the appropriate comparison ages across species is not 
simple, and 

7. Number of affected animals and total number of animals examined are available or 
reasonably reconstructed for control, young, and adult groups (i.e., studies reporting only 
percent response or not including a control group would be excluded unless a reasonable 
estimate of historical background for the strain was obtainable). 

Cancer potencies were estimated from a one-hit model (a restricted form of the Weibull time-to-
tumor model), which estimates cumulative incidence for tumor onset.  U.S. EPA (2005b) 
compared the estimated ratio of the cancer potency from early-life exposure to the estimated 
cancer potency from adult exposure. The general form of the equation for the tumor incidence at 
a particular dose, [P(dose)] is: 

P(dose) = 1-[1-P(0)]exp(-cancer potency*dose) 

where P(0) is the incidence of the tumor in controls.  The ratio of juvenile to adult cancer 
potencies at a single site were calculated by fitting this model to the data for each age group. The 
model fit depended upon the design of the experiment that generated the data.  Studies evaluated 
by U.S. EPA had two basic design types: experiments in which animals were exposed either as 
juveniles or as adults (with either a single or multiple dose in each period), and experiments in 
which exposure began either in the juvenile or in the adult period, but once started, continued 
through life. 

The model equations for the first study type are: 

PA = P0 + (1-P0) (1-e-mAδA) 

PJ = P0 + (1-P0) (1-e-mA eλ δJ) 

where A and J refer to the adult and juvenile period, respectively, λ is the natural logarithm of the 
juvenile:adult cancer potency ratio, P0 is the fraction of control animals with the particular tumor 
type being modeled, Px is the fraction of animals exposed in age period x with the tumor, mA is 
the cancer potency, and δx is the duration or number of exposures during age period x. 

The goal of the model is to determine λ, which is the logarithm of the estimated ratio of juvenile 
to adult cancer potencies.  This serves as a measure of potential susceptibility for early-life 
exposure. 

For the second study type, the model equations take into account that exposures that were 
initiated in the juvenile period continue through the adult period. The model equations for the 
fraction of animals exposed only as adults with tumors in this design are the same as in the first 
study type, but the fraction of animals whose first exposure occurred in the juvenile period is: 
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PJ = P0 + (1-P0) (1-e-mA eλ (δJ – δA )-mA δA) 

δJ includes the duration of exposure during the juvenile period and the subsequent adult period. 

Parameters in these models were estimated using Bayesian methods and all inferences about the 
ratios were based on the marginal posterior distribution of λ.  A complete description of these 
procedures (including the potential effect of alternative Bayesian priors that were examined) was 
published in Barton et al. (2005) (Appendix I).  This method produced a posterior mean ratio of 
the early-life to adult cancer potency, which is an estimate of the potential susceptibility of early-
life exposure to carcinogens.  Ratios of greater or less than one indicate greater or less 
susceptibility from early-life exposure, respectively. 

U.S. EPA reviewed several hundred studies reporting information on 67 chemicals or complex 
mixtures that are carcinogenic via perinatal exposure.  Eighteen chemicals were identified which 
had animal study designs involving early-life and adult exposures in the same experiment.  Of 
those 18 chemicals, there were overlapping subsets of 11 chemicals involving repeated 
exposures during early postnatal and adult lifestages and 8 chemicals using acute exposures 
(usually single doses) at different ages.  Those chemicals are listed in Table 5. 
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Table 5 Chemicals having animal cancer study data available with early-life and adult 
exposures in the same experiment. 
 

Chemical Study Type 
Amitrole repeat dosing 
Benzidine repeat dosing 
Benzo[a]pyrene (BaP) acute exposure 
Dibenzanthracene (DBA) acute exposure 
Dichlorodiphenyltrichloroethane (DDT) lifetime exposure, repeat dosing 
Dieldrin lifetime exposure, repeat dosing 
Diethylnitrosamine (DEN) acute exposure, lifetime exposure 
Dimethylbenz[a]anthracene (DMBA) acute exposure 
Dimethylnitrosamine (DMN) acute exposure 
Diphenylhydantoin, 5,5-(DPH) lifetime exposure, repeat dosing 
Ethylnitrosourea (ENU) acute exposure 
Ethylene thiourea (ETU) lifetime exposure, repeat dosing 
3-Methylcholanthrene (3-MC) repeat dosing 
Methylnitrosourea (NMU) acute exposure 
Polybrominated biphenyls (PBBs) lifetime exposure, repeat dosing 
Safrole lifetime exposure, repeat dosing 
Urethane acute exposure, lifetime exposure 
Vinyl chloride (VC) repeat dosing 

U.S. EPA calculated the difference in susceptibility between early-life and adult exposure as the 
estimated ratio of cancer potency at specific sites from early-life exposure over the cancer 
potency from adult exposure for each of the studies that were determined qualitatively to have 
appropriate study designs and adequate data.  The results were grouped into four categories: 1) 
mutagenic chemicals administered by a chronic dosing regimen to adults and repeated dosing in 
the early postnatal period (benzidine, diethylnitrosamine, 3-methylcholanthrene, safrole, 
urethane and vinyl chloride); 2) chemicals without positive mutagenicity data administered by a 
chronic dosing regimen to adults and repeated dosing in the early postnatal period (amitrole, 
dichlorodiphenyltrichloroethane (DDT), dieldrin, ethylene thiourea, diphenylhydantoin,  
polybrominated biphenyls);  3) mutagenic chemicals administered by an acute dosing regimen 
(benzo[a]pyrene, dibenzanthracene, diethylnitrosamine, dimethylbenzanthracene, dimethyl-
nitrosamine, ethylnitrosourea, methylnitrosourea and urethane); 4) chemicals with or without 
positive mutagenicity data with chronic adult dosing and repeated early postnatal dosing. 

The acute dosing animal cancer studies were considered qualitatively useful by U.S. EPA 
because they involve identical exposures with defined doses and time periods demonstrating that 
differential tumor incidences arise exclusively from age-dependent susceptibility. However, they 
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were not used to derive a quantitative cancer potency factor age adjustment, primarily because 
most of the studies used subcutaneous or intraperitoneal injection as a route of exposure.  These 
methods have not been considered quantitatively relevant routes of environmental exposure for 
human cancer risk assessment by U.S. EPA, for reasons including the fact that these routes of 
exposure are expected to have a partial or complete absence of first pass metabolism which could 
affect potency estimates.  Additionally, U.S. EPA decided that cancer potency estimates are 
usually derived from chronic exposures, and therefore, any adjustment to those potencies should 
be from similar exposures. 

The repeated dosing studies with mutagenic chemicals using exposures during early postnatal 
and adult lifestages were used to develop a quantitative cancer potency factor age adjustment.  
Studies with repeated early postnatal exposure were included in the analysis even if they also 
involved earlier maternal and/or prenatal exposure, while studies addressing only prenatal 
exposure were not used in the analysis.  The weighted geometric mean susceptibility ratio 
(juvenile to adult) for repeated and lifetime exposures in this case was 10.4 (range 0.12 – 111, 
42% of ratios greater than 1). 

USEPA suggests the use of age-dependent-adjustment factors (ADAF) for chemicals acting 
through a mutagenic mode of action., based on the results of the preceding analysis, which 
concluded that cancer risks generally are higher from early-life exposure than from similar 
exposure doses and durations later in life: 

1. For exposures before 2 years of age (i.e., spanning a 2-year time interval from the first 
day of birth until a child’s second birthday), a 10-fold ADAF. 

2. For exposures between 2 and <16 years of age (i.e., spanning a 14-year time interval from 
a child’s second birthday until their sixteenth birthday), a 3-fold ADAF. 

3. For exposures after turning 16 years of age, no adjustment (ADAF=1). 

The ADAF of 10 used for the 0 – 2 years of age range is approximately the weighted geometric 
mean cancer potency ratio from juvenile versus adult exposures in the repeated dosing studies.  
U.S. EPA considered this period to display the greatest toxicokinetic and toxicodynamic 
differences between children and adults.  Data were not available to calculate a specific dose-
response adjustment factor for the 2 to <16-year age range, so EPA selected an ADAF of 3 
because it was half the logarithmic scale difference between the 10-fold adjustment for the first 
two years of life and no adjustment (i.e., 1-fold) for adult exposure. The ADAF of 3 represents 
an intermediate level of adjustment applied after 2 years of age through <16 years of age.  The 
upper age limit (16 years of age) reflects the end of puberty and the attainment of a final body 
height.  U.S. EPA recognizes that the use of a weighted geometric mean of the available study 
data to develop an ADAF for cancer potencies may either overestimate or underestimate the 
actual early-life cancer potency for specific chemicals, and therefore emphasizes in the 
Supplemental Guidance that chemical-specific data should be used in preference to these default 
adjustment factors whenever such data are available. 

U.S. EPA is recommending the ADAFs described above only for mutagenic carcinogens, 
because the data for non-mutagenic carcinogens were considered to be too limited and the modes 
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of action too diverse to use this as a category for which a general default adjustment factor 
approach can be applied.   OEHHA considers this approach to be insufficiently health protective.  
There is no obvious reason to suppose that the toxicokinetics of non-mutagens would be 
systematically different from those of mutagens.  It would also be inappropriate to assume by 
default that non-mutagenic carcinogens are assumed to need a toxicodynamic correction factor of 
1.  Most if not all of the factors that make individuals exposed to carcinogens during an early-
lifestage potentially more susceptible than those individuals exposed during adulthood also apply 
to non-mutagenic carcinogen exposures (e.g., rapid growth and development of target tissues, 
potentially greater sensitivity to hormonal carcinogens, differences in metabolism).  It should 
also be noted that carcinogens that do not cause gene mutations may still be genotoxic by virtue 
of causing chromosomal damage.  Additionally, many carcinogens do not have adequate data 
available for deciding on a specific mode of action, or do not necessarily have a single mode of 
action.  For these reasons, OEHHA will apply the default cancer potency factor age adjustments 
described above to all carcinogens unless data are available which allow for the development of 
chemical-specific cancer potency factor age adjustments.  In those cases, an agent-specific model 
of age dependence (based on observational or experimental data) might be used, or alternative 
(larger or smaller) adjustment factors and age ranges may be applied where understanding of the 
mechanism of action and target tissues makes this appropriate. 
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Other Source Documents for Cancer Risk Assessment Guidance 

As noted previously, the cancer potencies and unit risks tabulated in this technical support 
document have been developed by various programs over a number of years.  The methods used 
therefore necessarily varied according to the date of the assessment and the program responsible.  
The following section summarizes the sources and procedures most commonly applied, and their 
historical context where this is apposite. 

United States Environmental Protection Agency (U.S. EPA) 

The U.S. EPA was one of the first regulatory agencies to develop and apply cancer risk 
assessment methodology.  Their guidance documents and technical publications have been 
influential for many programs, including the California Air Toxics (Toxic Air Contaminants and 
Hot Spots) programs. 

Guidelines for Carcinogen Risk Assessment (U.S. EPA, 1986) 

Prior to the more recent guidelines updating project which, after nearly ten years of internal and 
public review drafts culminated in the 2005 final revision (see below), U.S. EPA carcinogen risk 
assessment procedures were generally as described in Anderson et al. (1983) and “Guidelines for 
Carcinogen Risk Assessment” (U.S. EPA, 1986).  These methods, which are outlined below, 
were used to calculate the Integrated Risk Information System (IRIS) cancer potency values, 
some of which are cited in this document.  U.S. EPA has always indicated that cancer risk 
estimates based on adequate human epidemiologic data are preferred if available over estimates 
based on animal data.  Although the newer guidelines offer alternative methods for dose-
response analysis of animal bioassays, and updated consideration of specific topics such as 
lifestage-related differences in sensitivity, and mechanism of action for some types of 
carcinogen, the underlying principles and many of the specific procedures developed in these 
original guidelines are still applicable and in use. 

U.S. EPA Calculation of Carcinogenic Potency Based on Animal Data 

In extrapolating low-dose human cancer risk from animal carcinogenicity data, it is generally 
assumed that most agents that cause cancer also damage DNA, and that the quantal type of 
biological response characteristic of mutagenesis is associated with a linear non-threshold dose-
response relationship.  U.S. EPA stated that the risk assessments made with this model should be 
regarded as conservative, representing the most plausible upper limit for the risk.  The 
mathematical expression used by U.S. EPA in the 1986 guidelines to describe the linear non-
threshold dose-response relationship at low doses is the linearized multistage procedure 
developed by Crump (1980).  This model is capable of fitting almost any monotonically 
increasing dose-response data, and incorporates a procedure for estimating the largest possible 
linear slope at low extrapolated doses that is consistent with the data at all experimental dose 
levels.  A description of the linearized multistage procedure has been provided above (page 29).  
U.S. EPA used an updated version (GLOBAL86, Howe et al., 1986) of the computer program 
GLOBAL79 developed by Crump and Watson (1979) to calculate the point estimate and the 
95% upper confidence limit of the extra risk A(d).   
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U.S. EPA separated tumor incidence data according to organ sites or tumor types.  The incidence 
of benign and malignant tumors was combined whenever scientifically defensible.  U.S. EPA 
considered this incidence combination scientifically defensible unless the benign tumors are not 
considered to have the potential to progress to the associated malignancies of the same histogenic 
origin.  The primary comparison in carcinogenicity evaluation is tumor response in dosed 
animals as compared to contemporary matched control animals.  However, U.S. EPA stated that 
historical control data could be used along with concurrent control data in the evaluation of 
carcinogenic responses, and notes that for the evaluation of rare tumors, even small tumor 
responses may be significant compared to historical data.  If several data sets (dose and tumor 
incidence) are available (different animal species, strains, sexes, exposure levels, exposure 
routes) for a particular chemical, the data set used in the model was the set where the incidence is 
statistically significantly higher than the control for at least one test dose level and/or where the 
tumor incidence rate shows a statistically significant trend with respect to dose level.  The data 
set generating the highest lifetime cancer risk estimate (q1

*) was chosen where appropriate.  An 
example of an inappropriate data set would be a set which generates an artifactually high risk 
estimate because of a very small number of animals used.  If there are 2 or more data sets of 
comparable size for a particular chemical that are identical with respect to species, strain, sex and 
tumor sites, the geometric mean of q1

*
  estimated from each of those data sets was used for risk 

estimation.  U.S. EPA assumed that mg/surface area/day is an equivalent dose between species.  
Surface area was further assumed to be proportional to the 2/3 power of the weight of the animal 
in question.  Equivalent dose was therefore computed using the following relationship: 

d = 1
2 3

e

e

m
L W

*
* /  

where Le = experimental duration, le = exposure duration, m = average dose (mg/day) and W = 
average animal weight.  Default average body weights for humans, rats and mice are 70, 0.35 
and 0.03 kg, respectively.   

Exposure data expressed as ppm in the diet were generally converted to mg/day using the 
relationship m = ppm * F * r, where ppm is parts per million of the chemical in the diet, F is the 
weight of the food consumed per day in kg, and r is the absorption fraction (assumed to be 1 in 
the absence of data indicating otherwise).  The weight of food consumed, calories required, and 
animal surface area were generally all considered to be proportional to the 2/3 power of the 
animal weight, so: 

m  ppm * W2/3 * r, or m
rW 2 3/  ppm 

The relationship could lead to the assumption that dietary ppm is an equivalent exposure between 
species.  However, U.S. EPA did not believe that this assumption is justified, since the 
calories/kg food consumed by humans is significantly different from that consumed by 
laboratory animals (primarily due to differences in moisture content).  An empirically derived 
food factor, f = F/W was used, which is the fraction of a species’ body weight consumed per day 
as food.  U.S. EPA (1986) gave the f values for humans, rats and mice as 0.028, 0.05 and 0.13, 
respectively.   
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Dietary exposures expressed as concentrations in ppm were converted to mg/surface area using 
the following relationship: 

m
r W* /2 3

 = ppm
2/3

* F
W

 = ppm
2/3

* *f W
W

 =  ppm * f * W2/3 

Exposures expressed as mg/kg/day (m/Wr = s) were converted to mg/surface area using the 
relationship: 

m
rW 2/3  =  s * W2/3 

The calculation of dose when exposure is via inhalation was performed for cases where 1) the 
chemical is either a completely water-soluble gas or aerosol and is absorbed proportionally to the 
amount of inspired air, or 2) where the chemical is a partly water-soluble gas which reaches an 
equilibrium between the inspired air and body compartments.  After equilibrium is attained, the 
rate of absorption is proportional to metabolic rate, which is proportional to the rate of oxygen 
consumption, which is related to surface area.   

Exposure expressed as mg/day to completely water-soluble gas or aerosols can be calculated 
using the expression m = I * v * r, where I is the inspiration rate/day in m3, v is the concentration 
of the chemical in air (mg/m3), and r is the absorption fraction (assumed to be the same for all 
species in the absence of data to the contrary; usually 1).  For humans, the default inspiration rate 
of 20 m3 has been adopted.  Inspiration rates for 113 g rats and 25 g mice have been reported to 
be 105 and 34.5 liters/day, respectively.  Surface area proportionality can be used to determine 
inspiration rate for rats and mice of other weights; for mice, I = 0.0345 (W / 0.025)2/3 m3/day; for 
rats, I = 0.105 (W / 0.113)2/3 m3/day.  The empirical factors for air intake/kg/day (i) for humans, 
rats and mice are 0.29, 0.64 and 1.3, respectively.  Equivalent exposures in mg/surface area can 
be calculated using the relationship: 

m
W 2/3  = Ivr

W 2/3  = iWvr
W 2/3  =  iW1/3vr 

Exposure expressed as mg/day to partly water-soluble gases is proportional to surface area and to 
the solubility of the gas in body fluids (expressed as an absorption coefficient r for that gas). 
Equivalent exposures in mg/surface area can be calculated using the relationships m = kW2/3 * v * 
r, and d = m/W2/3 = kvr.  The further assumption is made that in the case of route-to-route 
extrapolations (e.g., where animal exposure is via the oral route, and human exposure is via 
inhalation, or vice versa), unless pharmacokinetic data to the contrary exist, absorption is equal 
by either exposure route. 

Adjustments were made for experimental exposure durations shorter than the lifetime of the test 
animal; the slope q1

* was increased by the factor (L/Le)3, where L is the normal lifespan of the 
experimental animal and Le is the duration of the experiment.  This assumed that if the average 
dose d is continued, the age-specific rate of cancer will continue to increase as a constant 
function of the background rate.  Since age-specific rates for humans increase by at least the 2nd 
power of the age, and often by a considerably higher power (Doll, 1971), there is an expectation 
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that the cumulative tumor rate, and therefore q1
*, will increase by at least the 3rd power of age.  

If the slope q1
* is calculated at age Le, it would be expected that if the experiment was continued 

for the full lifespan L at the same average dose, the slope q1
* would have been increased by at 

least (L/Le)3. 

U.S. EPA Calculation of Carcinogenic Potency Based on Human Data 

U.S. EPA stated that existing human epidemiologic studies with sufficiently valid exposure 
characterization are always used in evaluating the cancer potency of a chemical.  If they showed 
a carcinogenic effect, the data were analyzed to provide an estimate of the linear dependence of 
cancer rates on lifetime cancer dose (equivalent to the factor q1

*).  If no carcinogenic effect was 
demonstrated and carcinogenicity had been demonstrated in animals, then it was assumed that a 
risk does exist, but it is smaller than could have been observed in the epidemiologic study.  An 
upper limit of cancer incidence was calculated assuming that the true incidence is just below the 
level of detection in the cohort studied, which is largely determined by the cohort size.  
Whenever possible, human data are used in preference to animal data.  In human epidemiologic 
studies, the response is measured as the relative risk of the exposed cohort of individuals 
compared to the control group.  The excess risk (R(X) - 1, where R(X) is relative risk) was 
assumed to be proportional to the lifetime average exposure X, and to be the same for all ages.  
The carcinogenic potency is then equal to [R(X) - 1]/X multiplied by the lifetime risk at that site 
in the general population.  According to this original procedure, the confidence limit for the 
excess risk was not usually calculated.  This decision was ascribed to the difficulty in accounting 
for inherent uncertainty in the exposure and cancer response data.  More recent assessments have 
taken the opposite view and attempted to calculate and characterize this uncertainty by 
determining confidence limits, inter alia. 

Guidelines for Carcinogen Risk Assessment (U.S. EPA, 2005a) 

U.S. EPA revised its “Guidelines for Carcinogen Risk Assessment” (referred to henceforth as the 
“U.S. EPA Guidelines”) in 2005.  Compared to the 1986 version of this document, more 
emphasis is placed on establishing a “mode of action” (MOA).  The following excerpt provides a 
definition of this term:  

“The term “mode of action” is defined as a sequence of key events and processes, starting 
with interaction of an agent with a cell, proceeding through operational and anatomical 
changes, and resulting in cancer formation. A “key event” is an empirically observable 
precursor step that is itself a necessary element of the mode of action or is a biologically 
based marker for such an element. Mode of action is contrasted with “mechanism of 
action,” which implies a more detailed understanding and description of events, often at 
the molecular level, than is meant by mode of action”. 

Cancer risk assessments performed under the prior U.S. EPA Guidelines sometimes included a 
MOA description.  However, the 1986 U.S. EPA Guidelines did not explicitly mandate the 
development of a MOA description in cancer risk assessments. 

The MOA information is then used to govern how a cancer risk assessment shall proceed.  
Tumor incidence data sets arising from a MOA judged to be not relevant to humans are not used 
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to extrapolate a cancer potency factor.  If an MOA cannot be determined or is determined to have 
a low-dose linear dose-response and a nonmutagenic MOA, then a linear extrapolation method is 
used to develop a cancer potency factor.  The same linear extrapolation is used for all lifestages, 
unless chemical specific information on lifestage or population sensitivity is available.  
Carcinogens that act via an MOA judged to have a nonlinear low-dose dose response are 
modeled using MOA data, or the RfD/RfC risk assessment method is used as a default.  
Adjustments for susceptible lifestages or populations are to be performed as part of the risk 
assessment process. 

If a carcinogen is deemed to act via a mutagenic MOA, then the data from the MOA analysis is 
evaluated to determine if chemical-specific differences between adults and juveniles exist and 
can be used to develop a chemical-specific risk estimate incorporating lifestage susceptibility.  If 
this cannot be done, then early-life susceptibility is assumed, and age-dependent adjustment 
factors (ADAFs) are applied as appropriate to develop risk estimates.  In cases where it is not 
possible to develop a toxicokinetic model to perform cross-species scaling of animal tumor data 
sets which arise from oral exposures, the U.S. EPA Guidelines state that administered doses 
should be scaled from animals to humans on the basis of equivalence of mg/kg3/4-d (milligrams 
of the agent normalized by the 3/4 power of body weight per day).  This is a departure from the 
1986 U.S. EPA guidelines, which used a 2/3 power of body weight normalization factor.  Other 
adjustments for dose timing, duration and route are generally assumed to be handled in similar 
fashion to that described for the 1986 guidelines, although of course updated parameter values 
would be used where available. 

The 2005 U.S. EPA Guidelines also use benchmark dose methodology (described above, page 
27) to develop a “point-of departure” (POD) from tumor incidence data.  For linear 
extrapolation, the POD is used to calculate a cancer potency factor, and for nonlinear 
extrapolation the POD is used in the calculation of a reference dose (RfD) or reference 
concentration (RfC). 

It should be noted that none of the cancer potency factors listed in this document were obtained 
from U.S. EPA risk assessments performed under the 2005 U.S. EPA Guidelines.  All U.S. EPA 
IRIS cancer potency values contained in this document were obtained from risk assessments 
using the 1986 U.S. EPA Guidelines. 

Office of Environmental Health Hazard Assessment (OEHHA), California Environmental 
Protection Agency 

The cancer risk assessment procedures originally used by the Office of Environmental Health 
Hazard Assessment (OEHHA) are outlined in “Guidelines for Chemical Carcinogen Risk 
Assessments and their Scientific Rationale” (referred to below as the Guidelines) (CDHS, 1985).  
These procedures were generally used in generating Toxic Air Contaminant (TAC) cancer 
potency values, standard Proposition 65 cancer potency values and Public Health Goal (PHG) 
cancer potency values.  Expedited Proposition 65 cancer potency values depart somewhat from 
those procedures and are discussed separately below. 

OEHHA cancer risk assessment methodology as described by CDHS (1985) generally resembled 
that used at that time by U.S. EPA (Anderson et al., 1983; U.S. EPA, 1986).  OEHHA risk 
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assessment practice similarly reflects the evolution of the technical methodology (e.g., as 
described in U.S. EPA, 2005a) since the original guidelines were published.  The basic principles 
and procedures described below are still considered applicable.  More recent additions to 
OEHHA cancer risk assessment methods such as the use of benchmark dose methodologies and 
early-lifestage cancer potency adjustments are discussed above.  The Guidelines state that both 
animal and human data, when available, should be part of the dose-response assessment.   

OEHHA Calculation of Carcinogenic Potency Based on Animal Data 

The procedures used to extrapolate low-dose human cancer risk from animal carcinogenicity data 
assumed that a carcinogenic change induced in a cell is transmitted to successive generations of 
cell descendants, and that the initial change in the cell is an alteration (e.g., mutation, 
rearrangement, etc.) in the cellular DNA.  Non-threshold models are used to extrapolate to low-
dose human cancer risk from animal carcinogenicity data. 

Several models were proposed for extrapolating low-dose human cancer risk from animal 
carcinogenicity data in the original Guidelines.  These models include the Mantel-Bryan method 
(log-probit model), the one-hit model, the linearized multistage procedure, the gamma multihit 
model, and a number of time-to-tumor models.  The Guidelines stated that time-to-tumor models 
(i.e., a Weibull-in-time model) should be used for low-dose extrapolation in all cases where 
supporting data are available, particularly when survival is poor due to competing toxicity.  
However, the Guidelines also noted the difficulty of determining the actual response times in an 
experiment.  Internal tumors are generally difficult to detect in live animals and their presence is 
usually detected only at necropsy.  Additionally, use of these models often requires making the 
determination of whether a tumor was the cause of death, or was found only coincidentally at 
necropsy when death was due to other causes.  Further, competing causes of death, such as 
chemical toxicity, may decrease the observed time-to-tumor for nonlethal cancers by allowing 
earlier necropsy of animals in higher dose groups.  The linearized multistage (LMS) procedure 
was noted as being an appropriate method for dose extrapolation in most cases, with the primary 
exception being a situation in which sufficient empirical data are available to indicate a dose-
response curve of a “quasi-threshold” type (e.g., flat for two or three dose levels, then curving 
sharply upwards).  In this case, the LMS procedure may underestimate the number of stages and 
overestimate the low-dose risks.  In this case, the gamma multihit model was suggested as being 
a potential alternative.  The Mantel-Bryan model was described as having little biological basis 
as applied to carcinogenesis, and being likely to underestimate risks at low doses.  The 
Guidelines stated that this model should not be used for low dose extrapolation.  More recent 
practice has departed from these original guidelines in some respects, for instance by 
experimenting with cell-proliferation based models in a few cases.  However, the LMS model 
remained the preferred extrapolation model for most purposes.  Some of the difficulties in 
achieving a satisfactory fit to tumor incidence data were found to be alleviated by application of 
toxicokinetic models and use of an internal rather than applied dose metric with the LMS model.  
This has resulted in the alternative models originally advocated (Gamma multihit, Mantel-Bryan) 
being mostly abandoned.  As noted above (Dose-Response Assessment, page 23), the use of 
allegedly biologically based statistical models such as LMS has fallen from favor in recent years, 
and benchmark dose methodology has become the preferred method for extrapolating cancer 
potency values from animal cancer incidence data.  However, it should also be noted that results 
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generated by the LMS model and benchmark dose methodology from the same data set are often 
quite similar. 

The 1985 Guidelines stated that both animal and human data, when available, should be part of 
the dose-response assessment.  Although preference was given to human data when these were 
of adequate quality, animal studies may provide important supporting evidence.  Low-dose 
extrapolation of human cancer risk from animal carcinogenicity data was generally based on the 
most sensitive site, species and study demonstrating carcinogenicity of a particular chemical, 
unless other evidence indicates that the data set in question is not appropriate for use.  Where 
both benign and malignant tumors are induced at the same site and the benign tumors are 
considered to have the potential to progress to malignant tumors, the incidence data for both 
types of tumors could be combined to form the basis for risk assessment.  Pharmacokinetic data 
on chemical metabolism, effective dose at target site, or species differences between laboratory 
test animals and humans were considered in dose-response assessments when available.  In 
performing exposure scaling from animals to humans, the “surface area” correction (correcting 
by the 2/3 power of body weight) was used unless specific data indicate that this should not be 
done.  The Guidelines assumed that in the absence of evidence to the contrary, chemicals that 
cause cancer after exposure by ingestion will also cause cancer after exposure by inhalation, and 
vice versa.  These original proposals have continued in use with little change except that 
currently, TAC and PHG cancer potency factor calculations use a 3/4 power of body weight 
correction for interspecies scaling, in line with current U.S. EPA practice.  The standard 
Proposition 65 cancer potency factor calculations still use a 2/3 power correction because the 
cancer potency calculation method is specified in regulation (California Health and Safety Code 
25249.5 et seq.). 

Cancer unit risk factors [in units of (µg/m3)-1 ] have been calculated from cancer potency factors 
[in units of (mg/kg-day)-1 ] using the following relationship: 

UR = CPF * 20 m
70 kg *  CV

3

 

where UR is the cancer unit risk, CPF is the cancer potency factor, 70 kg is the reference human 
body weight, 20 m3 is the reference human inspiration rate/day, and CV is the conversion factor 
from mg to µg (= 1000).  The cancer unit risk describes the excess cancer risk associated with an 
inhalation exposure to a concentration of 1 µg/m3 of a given chemical; the cancer potency factor 
describes the excess cancer risk associated with exposure to 1 mg of a given chemical per 
kilogram of body weight.   

It should be noted that although this default method is still used in deriving published cancer unit 
risk values, for site-specific risk assessments age-appropriate distributions and percentile values 
are used in the current version of the Hot Spots exposure assessment document.  Where exposure 
to children occurs (as it does in most exposures to the general population surrounding a source 
site) it is also necessary to apply the age-specific adjustment factors for the appropriate durations 
in accordance with the guidance offered above (Page 30 et seq.). 
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OEHHA Calculation of Carcinogenic Potency Based on Human Data 

Human epidemiologic studies with adequate exposure characterization are used to evaluate the 
cancer potency of a chemical.  If they show a carcinogenic effect, the data are analyzed to 
provide an estimate of the linear dependence of cancer rates on lifetime cancer dose.  The 1985 
Guidelines stated that with continuous exposure, age-specific incidence continues to increase as 
a power function (e.g., t3 or t4) of the elapsed time since initial exposure.  Lifetime risks can be 
estimated by applying such a power function to the observed data and extrapolating beyond the 
actual followup period.  OEHHA has generally undertaken the calculation of study power and 
confidence bounds on the potency estimate as important tools to establish the credibility of the 
estimate obtained and in comparing this with other estimates (from other human studies or from 
animal data).  Due to the diversity in quality and type of epidemiological data, the specific 
approaches used in OEHHA risk assessments based on human epidemiologic studies vary on a 
case by case basis rather than following explicit general guidelines.  Examples of the methods 
used can be observed in the Toxic Air Contaminant documents (these documents are listed in 
Appendix D: the methods used are described in the compound summaries provided in Appendix 
B). 

Expedited Proposition 65 Cancer Risk Assessment Methodology 

Expedited cancer potency values developed for several agents listed as carcinogens under 
Proposition 65 (California Health and Safety Code 25249.5 et seq.) were derived from selected 
animal carcinogenicity data sets of the Carcinogenic Potency Database (CPDB) of Gold et al. 
(1984, 1986, 1987, 1989, 1990, 1997) using default procedures specified in the administrative 
regulations for Proposition 65 (Title 22 California Code of Regulations [CCR] 12703).  OEHHA 
hazard assessments usually describe all relevant data on the carcinogenicity (including dose-
response characteristics) of the chemical under examination, followed by an evaluation of any 
pharmacokinetic and mechanistic (e.g., genotoxicity) data.  An evaluation of the data set for the 
chemical may indicate that adjustments in target dose estimates or use of a dose response model 
different from the default are appropriate.  The procedure used to derive expedited Proposition 
65 cancer potency values differs from the usual methodology in two ways.  First, it relies on 
cancer dose response data evaluated and extracted from the original literature by Gold et al.  
Second, the choice of a linearized multistage procedure for generating cancer potency values is 
automatic, and pharmacokinetic adjustments are not performed.  The methods used to develop 
expedited cancer potency values incorporate the following assumptions: 

1. The dose response relationship for carcinogenic effects in the most sensitive species tested is 
representative of that in humans. 

2. Observed experimental results can be extrapolated across species by use of the interspecies 
factor based on "surface area scaling." 

3. The dose to the tissue giving rise to a tumor is assumed to be proportional to the administered 
dose. 

4. The linearized multistage polynomial procedure can be used to extrapolate potency outside 
the range of experimental observations to yield estimates of "low" dose potency. 

5. Cancer risk increases with the third power of age. 
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The Carcinogenic Potency Database of Gold et al. (1984, 1986, 1987, 1989, 1990) contains the 
results of more than 4000 chronic laboratory animal experiments on 1050 chemicals by 
combining published literature with the results of Federal chemical testing programs (Technical 
Reports from the Carcinogenesis Bioassay Program of the National Cancer Institute 
(NCI)/National Toxicology Program (NTP) published prior to June 1987).  The published 
literature was searched (Gold et al., 1984) through the period December 1986 for carcinogenicity 
bioassays; the search included the Public Health Service publication “Survey of Compounds 
Which Have Been Tested for Carcinogenic Activity” (1948-1973 and 1978), monographs on 
chemical carcinogens prepared by the International Agency for Research on Cancer (IARC) and 
Current Contents.  Also searched were Carcinogenesis Abstracts and the following journals:  
British Journal of Cancer, Cancer Letters, Cancer Research, Carcinogenesis, Chemosphere, 
Environmental Health Perspectives, European Journal of Cancer, Food and Chemical 
Toxicology, Gann, International Journal of Cancer, Journal of Cancer Research and Clinical 
Oncology (formerly Zeitschrift fur Krebsforschung und Klinische Onkologie), Journal of 
Environmental Pathology and Toxicology, Journal of Toxicology and Environmental Health, 
Journal of the National Cancer Institute, and Toxicology and Applied Pharmacology.  Studies 
were included in the database if they met the following conditions:  

1. The test animals were mammals. 

2. Chemical exposure was started early in life (100 days of age or less for hamsters, mice and 
rats). 

3. Route of administration was via the diet, drinking water, gavage, inhalation, intravenous 
injection or intraperitoneal injection. 

4. The test chemical was administered alone (not in combination with other chemicals). 

5. Chemical exposure was chronic (i.e. duration of exposure was at least one-fourth the 
standard lifespan for that species), with not more than 7 days between exposures. 

6. The experiment duration was at least half the standard lifespan for the species used. 

7. The study design included a control group and at least 5 animals/exposure group. 

8. No surgical interventions were performed. 

9. Pathology data were reported for the number of animals with tumors (not total number of 
tumors). 

10. All results reported were original data (not analysis of data reported by other authors). 

Included in their data set tabulations are estimates of average doses used in the bioassay, 
resulting tumor incidences for each of the dose levels employed for sites where significant 
responses were observed, dosing period, length of study and histopathology.  Average daily dose 
levels were calculated assuming 100% absorption.  Dose calculations follow procedures similar 
to those of Cal/EPA and U.S. EPA; details on methods used and standard values for animal 
lifespans, body weights, and diet, water and air intake are listed in Gold et al. (1984).  OEHHA 
(1992) reviewed the quality assurance, literature review, and control procedures used in 
compiling the data and found them to be sufficient for use in an expedited procedure.  Cancer 
potency estimates were derived by applying the mathematical approach described in the section 
below to dose response data in the Gold et al. database.  
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The following criteria were used for data selection: 

1. Data sets with statistically significant increases in cancer incidence with dose (p  0.05) were 
used.  (If the authors of the bioassay report considered a statistically significant result to be 
unrelated to the exposure to the carcinogen, the associated data set was not used.) 

2. Data sets were not selected if the endpoint was specified as "all tumor-bearing animals" or 
results were from a combination of unrelated tissues and tumors. 

3. When several studies were available, and one study stood out as being of higher quality due 
to numbers of dose groups, magnitude of the dose applied, duration of study, or other factors, 
the higher quality study was chosen as the basis for potency calculation if study results were 
consistent with those of the other bioassays listed. 

4. When there were multiple studies of similar quality in the sensitive species, the geometric 
mean of potencies derived from these studies was taken. If the same experimentalists tested 
two sexes of the same species/strain under the same laboratory conditions, and no other 
adequate studies were available for that species, the data set for the more sensitive sex was 
selected. 

5. Potency was derived from data sets that tabulate malignant tumors, combined malignant and 
benign tumors, or tumors that would have likely progressed to malignancy. 

Cancer potency was defined as the slope of the dose response curve at low doses.  Following the 
default approach, this slope was estimated from the dose response data collected at high doses 
and assumed to hold at very low doses.  The Crump linearized multistage polynomial (Crump et 
al., 1977) was fit to animal bioassay data: 

  Probability of cancer = 1- exp[- (q0 + q1d + q2d2 + ...)] 

Cancer potency was estimated from the upper 95% confidence bound on the linear coefficient q1, 
which is termed q1

*
 . 

For a given chemical, the model was fit to a number of data sets.  As discussed in the section 
above, the default was to select the data for the most sensitive target organ in the most sensitive 
species and sex, unless data indicated that this was inappropriate.  Deviations from this default 
occur, for example, when there are several bioassays or large differences exist between potency 
values calculated from available data sets. 

Carcinogenicity bioassays using mice and/or rats will often use an exposure duration of 
approximately two years.  For standard risk assessments, this is the assumed lifespan for these 
species.  Animals in experiments of shorter duration are at a lower risk of developing tumors 
than those in the standard bioassay; thus potency is underestimated unless an adjustment for 
experimental duration is made.  In estimating potency, short duration of an experiment was taken 
into account by multiplying q1

*
 by a correction factor equal to the cube of the ratio of the 

assumed standard lifespan of the animal to the duration of the experiment (Te).  This assumes 
that the cancer hazard would have increased with the third power of the age of the animals had 
they lived longer: 

qanimal = q1
*
   * (104 weeks/Te)3 
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In some cases excess mortality may occur during a bioassay, and the number of initial animals 
subject to late occurring tumors may be significantly reduced.  In such situations, the above 
described procedure can, at times, significantly underestimate potency.  A time-dependent model 
fit to individual animal data (i.e., the data set with the tumor status and time of death for each 
animal under study) may provide better potency estimates.  When Gold et al. indicated that 
survival was poor for a selected data set, a time-dependent analysis was attempted if the required 
data were available in the Tox Risk (Crump et al., 1991) data base. The Weibull multistage 
model (Weibull-in-time; multistage-in-dose) was fit to the individual animal data. 

To estimate human cancer potency, qanimal values derived from bioassay data were multiplied by 
an interspecies scaling factor (K; the ratio of human body weight (bwh) to test animal body 
weight (bwa), taken to the 1/3 power (Anderson et al., 1983)): 

K = (bwh/bwa)1/3 

Thus, cancer potency = qhuman = K * qanimal 

 

Chemical-specific Descriptions of Cancer Potency Value Derivations 

Unit Risk and potency values for chemicals whose cancer potency values were obtained from 
Toxic Air Contaminant documents, standard or expedited Proposition 65 documents, U.S. EPA’s 
Integrated Risk Information System (IRIS) documents and Health Effects Assessment Summary 
Table (HEAST) entries, or from other documents prepared by OEHHA’s Air Toxicology and 
Epidemiology Branch or Pesticide and Environmental Toxicology Branch are presented in 
Appendix A.   Information summaries for these chemicals are presented in Appendix B. 
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Osha Meserve 

From: Erik Ringelberg <eringelberg@bskassociates.com> 

Sent: Friday, December 4, 2015 10:49 AM 

To: Osha Meserve; CheryI.Prowell@waterboards.ca.gov 

Subject: RE: Status of Mission Bay Wastes 
Attachments: N007358_REP01 BAAQMD Mission Bay Asbestos Sample 2.pdf; N007359_REP01 

BAAQMD Mission Bay Asbestos Sample 1.pdf; 2015_1119_Cushing.pdf; 
E0906601S_SWPPP Memorandum 07 13 2015_SM.pdf 

Hi Cheryl, 

Osha Meserve of Soluri Meserve has asked me to respond to your email. I am leading one of the technical teams 
assessing the proposed Mission Bay Warrior site's environmental impacts, and you and I have spoken before regarding 
the problems we identified with the soil sampling and analysis at the site with Stephen. 

Issue I. Responses to Meserve Comments not available on Geotracker or Storm Water Multiple Application and Report 
Tracking System. 

Upon review, the responses to the issues described in the November 20, 2015 Meserve email (at the bottom of these 
comments) were not found on Geotracker, as identified by your office. Based on our recent site visit on November 17, 
2015, none of the identified Storm Water Pollution Prevention Plan (SWPPP)/Best Management Practices (BMP) issues 
have been resolved. (See attached storm drain photos in SWPPP Memorandum as drain conditions have not changed.) It 
further appears that the project may have closed out its SWPPP or been terminated, and there is no evidence that the 
earthmoving activities of the hazardous materials piles are covered under a SWPPP or reported on the Storm Water 
Multiple Application and Report Tracking System (SMARTS). 

In fact, there is evidence that the recent earthmoving activities for the sewer/stormwater retrofit and hazardous 
materials stockpile movements are not covered by a valid stormwater permit (WOlD 2 38C312864 was administratively 
terminated because it was not recertified under the new General Permit effective July 1,2010; and WDID 238C358520 
Final stabilization February 28, 2011. Please see also BSK's earlier comments on the failure to adequately file SWPPP 
information). 

Issue 2. Failure to: update Geotracker, compel the legally responsible person to timely file electronically, and maintain an 
accurate record ofsite activities. 

We have examined Geotracker, and as December 3, 2015, the only update for the entire Mission Bay project 

redevelopment area (T0607591577) was an email chain dated November 24, 2015 regarding a revised ADMP for Block 1. 

Note Block 1 has nothing to do with the Warriors site and the adjacent area that will be developed as Bayfront Park 

(site). The last action identified at the site in question in Geotracker is the notice, dated March 18,2015, of the 

continuing failure of Catellus (the site developer) to meet the Board's minimum electronic reporting requirements. 


Specifically: 

"Investigations and cleanup at contaminated, or potentially contaminated, sites must be reported in a public database 

(GeoTracker). As the Responsible Party you are receiving this notice because one or more of the following was not 

completed in GeoTracker for the site: 


The site is not "claimed" by the Responsible Party or an authorized agent; and/or 
Electronic reports (I.e., electronic submittal of information or ESI) are missing; and/or 
Analytical data from sampling events in an Electronic Deliverable Format (EDF) are absent." 



2

Under the Board’s authority under Water Code section 13196(a), the notice gave the site owner/developer/RP pursuant 
to CCR Title 23, Section 3890, a deadline of April 20, 2015 to follow the reporting regulations. There is no evidence in 
Geotracker today that the legally responsible person (LRP) or his/her agent has complied or that Board has followed its 
procedures.  This failure to require the LRP to follow reporting requirements or to substantiate that they are following 
the requirements is also consistent with the failures to require the LRP to submit and follow SWPPP(s) and their 
associated BMPs that BSK noted in its earlier report.  
 
In addition to the above issues, none of the documents associated with the further site hazardous chemical analyses 
completed at the site since November 2005, are found on Geotracker, such as the Phase I or Phase II completed by 
Langan Treadwell and Rollo (April 2014 and June 2015 respectively), or the by Langan Treadwell and Rollo ADMP for 
Blocks 29‐32 (October 2015); or, the four other analytical documents cited by Randy Lee as existing for the site 
described in the Citizen’s Complaint dated January 2012. 
 
Issue 3. Failure to timely develop and apply a Asbestos Dust Management Plan, and to use requisite air samplers. 
The Bay Area Air Quality Management District (BAAQMD) took soil samples from  stockpiles that were located at the 
border of Blocks 30‐32 and P22‐23. (See Block Diagram below.) These were the stockpiles that were the subject of BSK’s 
earlier report regarding the failure to adequately cover the piles and the apply stormwater BMPs. We still have had no 
response from your office regarding the issues identified in that complaint.  
 
The BAAQMD’s samples were collected and identified as: Soil Samples Job ID Site Mission Bay Development Group 
Stockpile, 16th St + Terry François Blvd; and Pump Station #5 16th St. Terry François Blvd. The analytical data for these 
samples are provided as attachments.  The Air Board has definitively identified these samples as ACM, both through 
visual observations and later through lab analysis, and these samples were collected at the active piles. The stockpiles 
have been moved, and while some materials remain, they have been largely moved to Block P21.  Those piles have been 
moved and the site regraded, and there does not appear to have had a site‐specific Asbestos Dust Management Plan 
(ADMP) applied to these piles or the requisite air sampling that should be identified in the site’s ADMP. It is important to 
note that each of these piles were, and the remaining piles are, within 1,000 feet of the nearest identified sensitive 
receptor, Mission Bay Hospital. 
 
The City and County of San Francisco, Department of Public and Environmental Health is claiming (in the attached latter) 
that the BAAQMD’s asbestos containing soil samples were collected at Block 1 (at the far northern top of the 
development) and not where the sample description on the Chain of Custody (COC) says, and further that some 
unnamed party at the BAAQMD had provided that misinformation.  This is simply incorrect, and our own re‐verification 
with the BAAQMD  confirmed that the samples were collected at the sites described in the COC, in response to BSK’s 
earlier identification of uncovered piles of potentially hazardous waste and the lack of effective BMPs at the Site Mission 
Bay Development Group Stockpiles along Terry François Blvd, proximate to the 16th Street line. 
 
It appears that conflation of the development area’s ACM hazards has focused the ADMP and monitoring efforts 
exclusively on Block 1, while the BAAQMD’s independently collected and verified ACM at the border of Blocks 30‐32 and 
P22‐23 was simply ignored by the City and the Board.  Given that BSK has documented these soil piles being moved 
around the eastern side redevelopment area in the past several months, with no air monitors nearby, and within 1,000 
feet of a documented sensitive receptor, the redevelopment area is out of compliance for both the required ADMP and 
ACM air monitoring. 
 
There appears to be a consistent pattern of the failure of the Board to have the LRP identify contaminants at the site, 
post those analytical data and associated reports electronically on Geotracker or SMARTS, develop the appropriate 
management plans for those contaminants, apply the appropriate BMPs, ensure the maintenance of those BMPs, and 
monitor for contaminants during removal activities.   
 
Issue 4. California Environmental Quality Act (CEQA) mitigation compliance undocumented or uncompleted. 
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It is also clear that there are significant delays in implementation of the legally required CEQA mitigation for hazardous 
materials on the order of months or years, or simply no enforcement or tracking of implementation of Measures from 
the 1988 Mission Bay Environmental Impact Report such as, but not limited to, the following: 
 

Measure F.1  “‐covering storage piles of dirt or construction debris adequately with plastic sheeting to prevent 
wind and water erosion;”(p. VI.F.23) Documented by BSK as inadequate or missing. 
Measure F.2  “A street‐cleaning program should adequately minimize the potential for disturbance of roadway 
dust, and be performed during periods of demolition and site development (for example, excavation and 
grading) activities. Streets should be cleaned particularly during the dry, summer and fall seasons.” (p. VI.F.24) 
Documented by BSK as inadequate or missing. 
Measure F.3 “PM10 ambient air quality data measured at the San Francisco BAAQMD station should be 
analyzed by the BAAQMD to monitor the effectiveness of the above dust control measures.” (p. VI.F.24) Not 
correlated to site activities by BAAQMD. 
Measure L.1 “Plant surface with grasses; or Cover soil with stabilizing coatings or plastic sheeting.” (p. VI.L35) 

Documented by BSK as inadequate or missing. 
Measure L.6 “To reduce sediments in the sewer system and at the treatment plants, install and maintain 
sediment and grease traps in local stormwater intakes during the construction period and clean wheels and 
cover loads of trucks carrying excavated spoils before they leave construction sites.” Sediment BMPs 
documented by BSK as inadequate or missing. No grease traps installed on Terry Francois Boulevard, and no 
wheel washing equipment observed at any sites on Terry Francois Boulevard. 
Measure L.7 “Employ best management practices to reduce the accumulation of pollutants on the street 
surfaces.” (p. VI.L.37) Sediment BMPs documented by BSK as inadequate or missing. 
Measure N.1 “Evaluate the entire Project Area to locate and identify hazardous wastes deposited on the site.” 
(p. VI.N.39) No comprehensive site‐wide investigation of asbestos, PCBs, and soil gasses has been documented. 
Measure N.2 “Additionally, buffer zones would be established around the specific development areas which 
would also undergo comprehensive subsurface investigation at the same time.” (p. VI.N.40) No evidence of the 
systematic application of buffer zones.  
Measure N.5 and N.5b/d/e “Implement a dust control program similar to mitigation measure F.l in the Air 
Quality section, if the dust from a site would otherwise be hazardous to on‐site workers or nearby residents. (p. 
VI.N.44) There is no evidence that a dust control program was applied for asbestos/metal contaminated dust as 
identified above. There is no evidence that an evacuation plan was developed, nor and gas monitoring was 
completed during the soil removal management activities. 

 
It is important to note that the responsibility for the completion of these measures appears to have been abrogated 
entirely by the lead agency; and that the remedial management activities under the supervision of the Board neither 
follow their own agency documentary requirements, maintenance or monitoring requirements applied to identical 
circumstances within the same operable unit, nor the relevant CEQA mitigation requirements.  Given this facts and 
circumstances, it is a reasonable conclusion that CEQA mitigation that could, or would, be protective of the environment 
will also not be applied to future site remedial activities. 
 
We have provided formal concerns regarding the site hazards management, and additional specific technical 
considerations that require responses from the Board. Our prior direct request for open dialog on these matters have 
apparently been rejected. We again respectfully request consideration of these matters and specific responses to our 
questions and comments.  To the extent the Board cannot or will not respond, we reiterate our request that the DTSC is 
given primary/lead agency authority to protect public health, safety and the environment. 
 
Thank you for your attention to this matter. 
 
Erik Ringelberg 
Natural Resources and Land Planning Group Manager 
BSK Associates 
Engineers & Laboratories 
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3140 Gold Camp Drive, Suite 160 
Rancho Cordova, CA 95670 
P:  916.853.9293, ext.112 
F:  916.853.9297 
eringelberg@bskassociates.com  
www.bskassociates.com 
 
BSK Associates provides analytical chemistry, construction observation, ecological services, environmental engineering, geotechnical engineering, 
construction materials testing, and water resources management. 
Please consider the environment before printing this e‐mail 
 
 

From: Prowell, Cheryl@Waterboards [mailto:Cheryl.Prowell@waterboards.ca.gov]  
Sent: Monday, November 23, 2015 9:44 AM 
To: Meserve, Osha@semlawyers.com 
Cc: Lee, Randy@Waterboards; Hill, Stephen@Waterboards; Pettijohn, Julie@DTSC; Toth, Karen@DTSC 
Subject: RE: Status of Mission Bay Wastes 

 
Osha, 
 
Thank you for your email.  We have been looking into the issues that you have raised.  Randy Lee is working to get the 
regular monitoring reports documenting compliance with the Risk Management Plan uploaded to our GeoTracker 
database.  I anticipate that these reports will address the majority of your concerns.  We will give you a more detailed 
answer once these reports are publically available.  
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Cheryl 
 

From: Osha Meserve [mailto:osha@semlawyers.com]  
Sent: Friday, November 20, 2015 4:33 PM 
To: Prowell, Cheryl@Waterboards 
Cc: Lee, Randy@Waterboards; Hill, Stephen@Waterboards; Pettijohn, Julie@DTSC; Toth, Karen@DTSC 
Subject: Status of Mission Bay Wastes 

 
Hi Cheryl, 
It has come to my attention that the piles of asbestos containing fill have been moved from the proposed Warrior’s 
arena site, and possibly transported to a landfill or to a property immediately northeast.  We respectfully request 
information regarding the tracking of the staged wastes at, and between, sites (including the Warriors site) within the 
Mission Bay Development area.   
 
The documented asbestos containing materials are required to have a specific Asbestos Dust Management Plan before it 
is disturbed (ADMP).  It is not clear to us that the development  activities have been completing and following these 
plans.  In particular, we further request evidence that this was created and applied to the recent asbestos contaminated 
soil removal activities. 
 
In addition to the ADMP, we request documentation that a site mitigation plan for the hazardous materials was created 
and applied to the site for the prior remedial activities, the staged soil management, and the recent removal action.  We 
also request a copy of the Site Specific Health and Safety Plan (SSHSP) that should have been completed for these three 
same site activities, as well as evidence that this was submitted to DPH. It appears that the SSHSP is only for the 
excavation of the foundation of the proposed buildings and not for the staged soils. 
 
We also again request that the stormwater Best Management Practices be appropriately applied to, and maintained on, 
Terry François Boulevard.  The stormwater drains remain clogged with soil, and the BMPs damaged, including the 
‘Protect the Bay’ placards, on the western side of the street along the site. 
 
Thank you, 
Osha 
 
Osha R. Meserve  
Soluri Meserve 
1010 F Street, Suite 100  
Sacramento, CA 95814 

 tel: 916.455.7300   fax: 916.244.7300  mobile: 916.425.9914    email: osha@semlawyers.com 
This email and any attachments thereto may contain private, confidential, and privileged material for the sole use of the intended recipient.  
 



Forensic Analytical Laboratories Final Report

Bulk Asbestos Material Analysis
(Air Resources Board Method 435, June 6, 1991)

Bay Area Air Quality Mgmt. District

939 Ellis St

Project Manager

San Francisco, CA 94109

Client ID:
Report Number:
Date Received:

Date Printed:
Date Analyzed:

N007359
2763

08/07/15
08/07/15

Job ID/Site: FALI Job ID:Pump Station #5, 16th St. + Terry Francois Blvd. 2763

Sample Preparation and Analysis:

08/06/15

Total Samples Submitted:
Total Samples Analyzed:

1
1PLM Report Number: N/A

Samples were analyzed by the Air Resources Board's Method 435, Determination of Asbestos Content of Serpentine Aggregate. Samples were
ground to 200 particle size in the laboratory. Approximately 1 pint was retained for analysis. Samples were prepared for observation according to
the guidelines of Exception I and Exception II as defined by the 435 Method. Samples which contained less than 10% asbestos were prepared for
observation according to the point count technique as defined by the 435 Method.  This analysis was performed with a standard cross-hair reticle.

Lab NumberSample ID Layer Description

1 11671293 Grey/Green Stones

Asbestos type(s) detected: Chrysotile

3.8
100

Number of asbestos points counted:
Number of non-empty points: 400

15

Visual estimation percentage: 2.0
Percent asbestos in matrix:
Matrix percentage of entire
sample:

Point Count Results:

Comment:

Tad Thrower, Laboratory Supervisor, Hayward Laboratory
Note: Limit of Quantification (LOQ) = 0.25%. Trace denotes the presence of asbestos below the LOQ. ND = None Detected.

Analytical results and reports are generated by Forensic Analytical Laboratories Inc. (FALI) at the request of and for the exclusive use of the person or entity (client) named on such
report. Results, reports or copies of same will not be released by FALI to any third party without prior written request from client. This report applies only to the sample(s) tested.
Supporting laboratory documentation is available upon request. This report must not be reproduced except in full, unless approved by FALI. The client is solely responsible for the
use and interpretation of test results and reports requested from FALI. Forensic Analytical Laboratories Inc. is not able to assess the degree of hazard resulting from materials
analyzed. FALI reserves the right to dispose of all samples after a period of thirty (30) days, according to all state and federal guidelines, unless otherwise specified.  All samples were
received in acceptable condition unless otherwise noted.

 1  of  1
3777 Depot Road, Suite 409, Hayward, CA 94545  /  Telephone: (510) 887-8828  (800) 827-FASI  /  Fax: (510) 887-4218



Forensic Analytical Laboratories Final Report

Bulk Asbestos Material Analysis
(Air Resources Board Method 435, June 6, 1991)

Bay Area Air Quality Mgmt. District

939 Ellis St

Project Manager

San Francisco, CA 94109

Client ID:
Report Number:
Date Received:

Date Printed:
Date Analyzed:

N007358
2763

08/07/15
08/07/15

Job ID/Site: FALI Job ID:Mission Bay Development Group Property Stockpile, 16th St. + Terry Francois
Blvd.

2763

Sample Preparation and Analysis:

08/06/15

Total Samples Submitted:
Total Samples Analyzed:

1
1PLM Report Number: N/A

Samples were analyzed by the Air Resources Board's Method 435, Determination of Asbestos Content of Serpentine Aggregate. Samples were
ground to 200 particle size in the laboratory. Approximately 1 pint was retained for analysis. Samples were prepared for observation according to
the guidelines of Exception I and Exception II as defined by the 435 Method. Samples which contained less than 10% asbestos were prepared for
observation according to the point count technique as defined by the 435 Method.  This analysis was performed with a standard cross-hair reticle.

Lab NumberSample ID Layer Description

1 11671292 Grey/Green Stone

Asbestos type(s) detected: Chrysotile

3.3
100

Number of asbestos points counted:
Number of non-empty points: 400

13

Visual estimation percentage: 2.0
Percent asbestos in matrix:
Matrix percentage of entire
sample:

Point Count Results:

Comment:

Tad Thrower, Laboratory Supervisor, Hayward Laboratory
Note: Limit of Quantification (LOQ) = 0.25%. Trace denotes the presence of asbestos below the LOQ. ND = None Detected.

Analytical results and reports are generated by Forensic Analytical Laboratories Inc. (FALI) at the request of and for the exclusive use of the person or entity (client) named on such
report. Results, reports or copies of same will not be released by FALI to any third party without prior written request from client. This report applies only to the sample(s) tested.
Supporting laboratory documentation is available upon request. This report must not be reproduced except in full, unless approved by FALI. The client is solely responsible for the
use and interpretation of test results and reports requested from FALI. Forensic Analytical Laboratories Inc. is not able to assess the degree of hazard resulting from materials
analyzed. FALI reserves the right to dispose of all samples after a period of thirty (30) days, according to all state and federal guidelines, unless otherwise specified.  All samples were
received in acceptable condition unless otherwise noted.

 1  of  1
3777 Depot Road, Suite 409, Hayward, CA 94545  /  Telephone: (510) 887-8828  (800) 827-FASI  /  Fax: (510) 887-4218
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Environmental, Geotechnical, Construction Services, Analytical Testing - An Employee-Owned Company 

Technical Memorandum 

 
Subject: Proposed Warrior Arena Stormwater Best Management Practices 

Date:  July 14, 2015 

To:  Soluri Meserve 

  1010 F St, Ste. 100  

Sacramento, CA 95814 

From:   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 observed site 

conditions at the proposed Blocks 29-32, Mission Bay Project in San Francisco, California.   

BSK Associates (BSK) provided a site visit of the proposed project area to assess its condition from the 

public right-of-way. A combination variable intensity, pedestrian and vehicular survey was made of the 

site perimeter and areas of the project site clearly visible from the public right-of-way on June 30, 2015. 

The methods, 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.; Northeast parking lot approximately 91,776 sq.ft./2.11 ac.)1 currently being used 

as paid parking lots, an area of stockpiles both covered and uncovered (31,066 sq.ft./0.71 ac) on the 

eastern edge of the property (Terry A. Francois Boulevard), adjoining a large open field, and open water 

(22,115 sq.ft./0.51 ac) and wetland features (904 sq.ft./0.02 ac.) (closest to the Southwest lot) shown on 

Figure 1.  Photo plate 7 shows a large partly covered stockpile to the North East of the project boundary; 

plate 8 shows one of the covered stockpiles, but the integrity of the cover was repeatedly compromised 

by penetrating vegetation, on the Northeastern corner of the site; and, plate 9, which shows a section of 

the new, uncovered stockpile. 

During the June 30, 2015 reconnaissance, the site had several pieces of heavy earth moving equipment. 

These were located next to the uncovered soil stockpile adjacent to Terry A. Francois Boulevard, and a 

grader on 16th St.  The soil material on the uncovered stockpile appeared to be recently placed, whereas 

                                                 
1 2015 Google Earth 
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the covered stockpiles had been in place for a considerable period of time. The soil material on the 

uncovered stockpile was dry and friable.  This stockpile is not shown in the 2015 aerial photo. 

It is not certain what the status of these soil stockpiles is/are given the site history. These piles appear to 

be staged material from the site remedial activities identified under the Revised Risk Management Plan 

(RRMP), Former Petroleum Terminals and Related Pipelines Located at Pier 64 and the Vicinity, City and 

County of San Francisco, California (BBL 2006), as well as soils excavated for the new stormwater 

system. These materials contained mixed top soil, debris, and fill from the site excavations.  Critically, 

these soils may have a variety of chemical contaminants, such as asbestos, petroleum, and hazardous 

metals (BBL 2006).  These soils may be of even greater environmental concern given the recent site 

investigation which identified that the specific site soils had hazardous material that required special 

Class 1 and Class 2 landfills for disposal (LTR 2015).  

CONSTRUCTION-RELATED AIR EMISSIONS AND STORMWATER IMPACTS 

Given the complexity of historic, current, and proposed site activities and their relative boundaries, it is 

not clear what or which set of rules apply to the site in general, so this analysis looks at each obvious 

relevant class of impacts and their associated guidance.  

BSK assessed the project conditions using the Bay Area Air Quality Management District (BAAQMD) 

CEQA Guidelines, set forth in the document Assessing the Air Quality Impacts of Projects and Plans, 

December 1999.  The BAAQMD approach to CEQA analyses of construction impacts is to emphasize 

implementation of effective and comprehensive control measures.  The BAAQMD identifies a set of 

feasible dust (PM10) control measures for construction activities.  The overall project size appears to be 

larger than 4 acres and therefore may require the BAAQMD’s “Enhanced Measures” (BAAQMD 1999, 

Table 2, p. 15).  However, depending on how the project footprint is defined, it may be subject to the 

lesser standard (for 4 acres or less). 

According to the guidance for 4 acres or less, the following control measures are required by BAAQMD 

for the site activities:  

• Water all active construction areas at least twice daily.  

• Cover all trucks hauling soil, sand, and other loose materials or require all trucks to maintain at 

least two feet of freeboard.  

• Pave, apply water three times daily, or apply (non-toxic) soil stabilizers on all unpaved access 

roads, parking areas, and staging areas at construction sites.  

• Sweep daily (with water sweepers) all paved access roads, parking areas, and staging areas at 

construction sites.  
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• Sweep streets daily (with water sweepers) if visible soil material is carried onto adjacent public 

streets. 

According to the guidance, if all control measures identified previously are implemented, then air 

pollutant emissions from construction activities would be considered a less than significant impact 

(BAAQMD 1999, p. 14). The site observations do not appear to substantiate the use of watering to 

control dust at the site at that time of observation, but the uncovered piles are not stabilized in any 

visible manner. The soil piles covers are in poor to very poor condition with considerable tears and 

numerous penetrations of the cover by plants. 

Best Management Practices 

Adjacent to the stockpiles there are some fiber rolls/straw wattles and silt fence complexes intended to 

reduce off-site sediment migration.  The fiber rolls and silt fences are tools used to maintain stormwater 

protection, as Best Management Practices (BMPs). During the site visit, a combination of BMP problems 

were observed.  These included poor implementation, such as large gaps in the silt fence or simply 

failures to maintain fiber rolls and drain filter bags along Terry A. Francois Boulevard (Photo plates 5 and 

6).  Immediately adjacent to these poorly maintained BMP’s is a series of curbside stormwater drains. 

The drains have color plates on them describing a direct connection to SF Bay. Each of these drains 

appears to be obstructed with either with soil, or with a combination of soil and geotextile fabric (Photo 

Plates 1-4). In most cases the color notice plates are damaged.  It does not appear that any maintenance 

is occurring on these drains.   

The site has had complaints raised in the past regarding dust control issues essentially identical to those 

observed at the site June 30, 2015. Note: Memo from April 3, 2002 the Port of San Francisco, an April 

24, 2002 Notice of Violation, and a May 8, 2002 response from Catellus. 

The Storm Water Multiple Application and Report Tracking System (SMARTS) database was reviewed. 

The database for WDID 238C331352 and 238C312864 contained only partial information for the site. 

The SMARTS application similarly lacked specific site location information, such as latitude and 

longitude, and the site map or other descriptors, and did not provide a Risk Level, or any management 

information.  As a result, it was not possible to determine what program the stormwater management 

was under and what the specific requirements are for this site.  A query to the SMARTS program 

resulted in information that the site filing had been terminated and that there were no records 

available.  The site conditions, empty file and lack of any annual compliance reports indicate that there 

be missing state and local oversight of site stormwater management operations and maintenance. 

RECOMMENDATIONS 

It is our opinion that the appropriate course of action at this site should include the establishment and 

maintenance of BMPs, including the covering or other stabilization of the stockpiles, under the 
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supervision of a qualified Construction General Permit SWPPP Practitioner (QSP) and/or SWPPP 

Developer (QSD) as required. The BMPs should be tailored to reflect, not just ordinary sediment and site 

management, but also the site’s documented hazardous waste. If, these stockpiles and the construction 

activities fall below the minimum acreage required by the General Stormwater Permit program, then we 

recommend that these BMPs be implemented as part of the RRMP, or other relevant hazardous 

material management authorities and plans. 

REFERENCES 

Bay Area Air Quality Management District [BAAQMD] 1999. BAAQMD CEQA Guidelines, Assessing the Air 

Quality Impacts of Projects and Plans. (December, 1999) 

BBL Environmental Associates [BBL], 2006. Revised Risk Management Plan, Former Petroleum Terminals 

and Related Pipelines Located at Pier 64 and the Vicinity, City and County of San Francisco, California. 

(August, 2006) 

Langan Treadwell Rollo [LTR] 2015. Phase II Environmental Site Assessment, Golden State Warriors 

Arena, Blocks 29-32, Mission Bay, San Francisco, California. (June, 2015) 

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 site observations.  

The report does not reflect variations which may occur beyond the assessed area. 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.  No warranty, either expressed or implied, is included.  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.   

  





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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SITE PHOTOGRAPHS
Blocks 29-32, Mission Bay Project,

San Francisco, CA
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PROJECT: E0906601S
Photos taken on June 30,
2015
By E. Ringelberg, BSK

Plate 1: East edge of site, west side of Terry A. Francois Boulevard.

Plate 2: East edge of site, west side of Terry A. Francois Boulevard.
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PROJECT: E0906601S
Photos taken on June 30,
2015
By E. Ringelberg, BSK

Plate 3: East edge of site, west side of Terry A. Francois Boulevard.

Plate 4:  East edge of site, west side of Terry A. Francois Boulevard.
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PROJECT: E0906601S
Photos taken on June 30,
2015
By E. Ringelberg, BSK

Plate 5: South end of project, west side of Terry A. Francois Boulevard.

Plate 6: Stormwater project, associated with project, but outside of footprint.



SITE PHOTOGRAPHS
Blocks 29-32, Mission Bay Project,

San Francisco, CA

PAGE  4 of 5

PROJECT: E0906601S
Photos taken on June 30,
2015
By E. Ringelberg, BSK

Plate 7:  Northernmost stockpile, across Terry A. Francois Boulevard (East).

Plate 8:  Site stockpile viewed from Northeast with
vegetation penetrations.
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PROJECT: E0906601S
Photos taken on June 30,
2015
By E. Ringelberg, BSK

Plate 9: View from the Southwestern edge of site of new, uncovered stockpile.
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December 7, 2015 
 
 
 
 
 
Mr. Tom Lippe 
Law Offices of Thomas N. Lippe, APC 
201 Mission Street, 12th Floor 
San Francisco, CA 94105 
 
Subject:  Subsequent Environmental Impact Report for Event Center and 

Mixed Use Development at Mission Bay Blocks 29-32.  
SCN:2014112045 

 
   P15003 
 
Dear Mr. Lippe: 
 
I have become aware that Mr. Whit Manley of the firm Remy Moose Manley has 
addressed a letter to the Golden State Warriors with the apparent intent that it 
become a part of the record in the above referenced matter.  The subject letter 
disparages my ability to perform objective reviews of the adequacy of the traffic 
and transportation analyses in or supporting environmental documents prepared 
under the California Environmental Quality Act (CEQA). 
 
On behalf of the Mission Bay Alliance, I, through my firm, Smith Engineering & 
Management, have identified significant transportation issues of concern in the 
SEIR.  To this point, the Lead Agency and its consultants have not responded 
substantively or adequately to the issues raised.  The personal attack on myself 
and Smith Engineering & Management's credibility by Mr. Manley is a 
smokescreen, apparently designed to divert attention away from the substantive 
issues in question with regard to the adequacy of this SEIR and Project. 
 
Therefore, rather than dignify this diversion by discussing the specific cases he 
mentions, I offer only a brief response.  Suffice it to say that in many instances 
where individuals or governmental jurisdictions raise substantive and reasoned 
objections to the procedures and findings of the Lead Agency in CEQA matters, 
the Courts still grant deference to the Lead Agency procedures, analytic 
conclusions and determinations and such is the case in the matters Mr. Manley 
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cherry-picks from my overall record.  However, the following observations are of 
relevance. 
 
Mr. Manley indicates his comments concern "proclivity for writing letters on behalf 
of project opponents" and states 'the sheer volume of projects these consultants 
[including in his statement another consultant unrelated to Smith Engineering & 
Management] challenge suggests they are not discerning in the analyses they 
will attack.  We are not aware of any instances in which either Mr. Smith or [the 
other consultant] stated on the record that they believed an agency's analysis 
was adequate; rather, their comments appear to consist solely of criticizing the 
work of others." 
 
As to myself, these statements by Mr. Manley are inaccurate and misrepresent 
the record of my professional career.  Over the course of that career, I and 
personnel under my direct supervision, performed literally hundreds of studies in 
support of land use development projects, development of major highway, 
roadway and public transit improvement projects, circulation elements of 
community General Plans that support future development and, in particular, the 
supporting analysis and documentation for the transportation and circulation 
sections of environmental documents prepared under CEQA.  Interestingly, a 
project on which I served as the developers' primary transportation consultant 
from 1982 through 1990 or 91 (through evolution of 3 separate development 
companies and changes in consulting teams over that period) is the Mission Bay 
project in San Francisco.  The allegation that, in essence, I am categorically 
“anti-project” is completely contrary to the record of my professional career. 
 
As to what Mr. Manley describes as "the sheer volume of projects these 
consultants challenge" suggesting I am not discerning in the assignments I take 
on, several factors should be recognized.  One is the sheer volume of projects 
involving production of CEQA documents that have taken place in California 
since I began entertaining requests from prospective clients to become involved 
in assignments involving adequacy reviews 23 years ago - a perspective Manley 
fails to acknowledge.  Just in the 15 years between 1999  and 2014, according to 
the most recent summarization by the CA Office of Planning and Research, 
which acts as a clearinghouse for CEQA document submittals, 37,239 Negative 
Declarations or Mitigated Negative Declarations and 8,130 EIRS were submitted 
- a total of 45,369 CEQA documents.  Over that same period, I have commented 
on the CEQA documents for about 121 projects.  Relative to the number of MDs, 
MNDs and EIRs filed, the number I have commented on is miniscule - less than 
three-tenths of one percent of the documents filed.  Second, few consultants are 
willing to take on assignments sponsored by project opponents - largely from fear 
that resentment of private developers and/or public agency functionaries would 
create a virtual 'blacklist', interfering with the marketability of their mainstream 
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services.  Hence, it is natural that a relatively small number of consultants 
perform most of the independent adequacy review on environmental documents. 
 
As to Mr. Manley being unaware of "any instances in which either Mr. Smith or 
[the other named consultant] has stated on the record that they believed an 
agency's analysis was adequate; rather, their comments appear to consist solely 
of criticizing the work of others", the very idea that such statements should be on 
the record is nonsense.  The notion that I work solely to 'shotgun' the content of 
environmental documents is pure fabrication.  When a prospective client 
approaches me about an assignment assessing adequacy of an environmental 
document, if, after a quick scan of the material I find that the analysis appears 
thorough, relies on reasonable data and assumptions, is analyzed through 
methods conforming to reasonable professional practices, and reaches 
reasonable conclusions bases on the analysis - in short, conforms to the good 
faith effort to disclose impact that CEQA demands - then I withdraw from the 
assignment.  Mr. Manley's claim that this should somehow result in some 
statement on the record that I believed an agency's analysis was adequate is 
nonsense.  That decision is up to the clients who retain me to perform the 
adequacy review.   Practically speaking, only in an instance where a lead agency 
or project sponsor retained me to perform a peer review on the adequacy of the 
transportation and circulation section in the hope that I might provide a 
supporting statement on the record would such a statement appear.  However, to 
the best of my recollection, no project sponsor or lead agency has ever 
requested such a peer review of me. 
 
Mr. Manley's letter implies that I am solely consultant to project opposition 
groups.  I have also been consultant to a number of cities in reviewing 
environmental documents.  Mr. Manley should know this.  His firm retained me 
on behalf of the Cities of Newport Beach and Tustin over the course of a two 
year period in 2007-2008.   
 
In the 2007 contractual agreement between Smith Engineering & Management 
and Mr. Manley's firm, then Remy Thomas Moose & Manley, on behalf of third 
party beneficiaries the Cities of Newport Beach and Tustin, the scope of work is  
generally described as:  "Analysis of the City of Irvine's Traffic Impact 
Methodologies and Analyses for both individual development projects within the 
area of the City of Irvine known as the Irvine Business Complex ("IBC" ) and for 
the IBC Vision Plan Environmental Impact Report."  Article 7 of the Standard 
Provisions of Agreement to that contract states "Consultant makes no warrant, 
either express or implied, as to its findings, recommendations, specifications, or 
professional advice except that they were promulgated after being prepared in 
accordance with generally accepted engineering practices and under the 
direction of registered professional engineers."  These understandings of 
independent professional review without promise of pre-determined conclusions 
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and findings that were the basis of my agreement with Mr. Manley's firm in that 
matter are included in my engagement with any client for review of the adequacy 
of environmental documents whether the engagement involves a written 
agreement or not.  In my experience, this independence in regard to content of 
product findings is in stark contrast to the financial and result-orientation 
pressures that EIR preparers are subjected to by project sponsors and lead 
agency clients. 
 
Mr. Manley states that "certain of his criticisms appear again and again" as if I 
have some canned report or formulaic approach for challenging the 
transportation and circulation elements of environmental documents.  The truth of 
the matter is, through experience I have become familiar with the common ways 
that EIR preparers frequently respond to the financial and result-oriented 
pressures of project sponsors and lead agencies.  Some examples of this include 
but are not limited to: 
 

 Relying on available existing traffic counts even though the counts are 
outdated and reflect previous adverse economic conditions that depressed 
traffic, fail to account for recent development or fail to account for changes 
in transportation network facilities. 

 Relying on maximum levels of deduction from trip generation for attracted 
passer-by and diverted traffic recognized in authoritative reference works 
when site circumstances do not support such levels of deduction.  Or, 
erasing assumed attracted passer-by and diverted trips at the trip 
generation analysis instead of recognizing that these trips still impact 
locations on the project approaches. 

 Minimizing the study area in the analysis. 
 Failing to analyze seasonal or event-combination circumstances that 

occur frequently enough to constitute a specific analysis case. 
 Failing to disclose changes in severity of impact at already impacted 

locations. 
 Evasive, self-referencing, and even incoherent (though phrased in a 

grammatical form of words) responses to comments. 
 
The repetitions are not by my choice but because the EIR preparers frequently 
resort to these and other practices as a response to the pressures of project 
sponsors and lead agencies. 
 
Mr. Manley's November 30, 2015 letter describes me as "a well-known and 
prolific traffic consultant" and as "a 'go to' consultant for those who wish to attack 
an agency's transportation analysis."  I am proud to be recognized as being 
proficient in my professional practice.  I am proud to be recognized as insisting 
on conformance with the good faith effort to disclose impact that CEQA requires.  
I have enjoyed my direct working relationships with Mr. Manley.  But I repudiate 
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his effort to characterize me and my professional efforts as simply a 'hired gun' 
for any anti-project group. 
 
It has also come to my notice that a letter from Mr. David Kelly of the Golden 
State Warriors to the Board of Supervisors that says of the consultants retained 
by the Mission Bay Alliance (my client):  “In fact, these consultants are generally 
hired by economic interests, such as business competitors, in order to use the 
CEQA process to force economic concessions, or to obstruct projects that pose a 
competitive threat. Their credibility as experts should, in our view, be taken with  
a very large grain of salt.” 
 
This is clearly another unsubtle attempt to divert attention away from the 
substantive issues in question with regard to the adequacy of this SEIR and 
Project.  I know of no members of the Mission Bay Alliance who are business 
competitors of the Golden State Warriors.  But that does not matter.  My critique 
of the SEIR would be the same whether my client were the Alliance, a public 
agency having interest in these matters or the Golden State Warriors and Mr. 
Kelly himself. 
 
 
 
Sincerely, 
 
Smith Engineering & Management 
A California Corporation 

 
Daniel T. Smith Jr., P.E. 
President 
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 Map 1: Map of Traffic Study Areas in CEQA Documents for Nearby Projects 

5M Project: Construction Ongoing Through 2019 
 
222 Second Street: Construction Ongoing Through 2016 
 
706 Mission Street: Ongoing Through September 2018 
 
801 Brannan and One Henry Adam Streets Project: Ongoing Through 2016 and Through Spring 2017 
 
850 Bryant: Construction Planned 2016-2020  
 
Moscone Center Expansion Project: Planned 2014 – 2018  
 
Second Street Improvement Project:  Planned Fall 2016 – Late 2017  

 
SF Museum of Modern Art Expansion Project: Ongoing Through Spring 2016  

 
Warriors Arena Project  
 

Cesar Chavez and Third St.  
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Map 2: Map of Potentially 

Impacted Intersections in 

Expanded Study Area 

Project Study Area 

Warrior’s Arena Location 

Intersections w/ LOS F  

Intersections w/ LOS E  

Necessary in expanded study area 

(Wymar, p. 5) 

Cesar Chavez and Third St.  
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Map 3: Map of Traffic Study Areas in CEQA Documents for 

Nearby Projects With Potentially Impacted Intersections in 

Expanded Study Area 

Project Study Area 

Warrior’s Arena Location  

Intersections w/ LOS F  

Intersections w/ LOS E  

Necessary in expanded study area (Wymar, page 5)   

5M Project: Construction Ongoing Through 2019 

222 Second Street: Construction Ongoing Through 2016 

706 Mission Street: Ongoing Through September  2018 

801 Brannan and One Henry Adam Streets Project: 

Ongoing Through 2016 and Through Spring 2017 

850 Bryant: Construction Planned 2016-2020  

Moscone Center Expansion Project: Planned 2014 – 2018  

Second Street Improvement Project:   

Planned Fall 2016 – Late 2017  

SF Museum of Modern Art Expansion Project: 

Ongoing Through Spring 2016  

 

Cesar Chavez and Third St.  
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