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EXHIBIT A
1. BACKGROUND

Biodiesel is the name of an alternative diesel-equivalent fuel, derived from biological sources (such as
vegetable oils), which can be used in unmodified diesel-engine vehicles. Biodiesel contains no petroleum,
but it can be blended at any level with petroleum diesel to create a biodiesel blend. Biodiesel is made
through a chemical process calied transesterification whereby the glycerin is separated from the fat or
vegetable oil. The process leaves behind two products — methyi esters {the chemical name for biodiesel)
and glycerin (a valuable byproduct usually sold to be used in soaps ang other products). According to the
California Environmental Protection Agency, an “Alternative Diesel Fuel” is any fuel used in diesel
engines that is not a reformulated diese! fuel as defined in Sections 2281 and 2282 of Title 13, of the
California Code of Regulations, and does not require engine or fuel system modifications for the engine to
operate, although minor modifications (e.g. recalibration of the engine fuel control} may enhance
performance.

As required by Section 43830.8 California Health and Safety Code, before adopting new fuel
specifications, the California Air Resources Board (CARB) must provide a “multimedia assessment” of
these new fuels. Many if not most biodiesel formulations meet the requirement for a multimedia
assessment. CARB with input from the University of California has prepared guidelines for “multimedia”
evaluations of new fuels. A draft of these guidelines was issued in March 2006 and will undergo review
by California Environmental Policy Councit for final approval. This report is titled “Guidance Document
and Recommendations on the Types of Scientific Information to be submitted by Applicants for California
Fuels Environmental Multimedia Evaiuations™ and is currently in draft status awaiting final revisions by the
UC Berkeley and others. We refer to this document here as the MMAG. (See Exhibit A, Attachment 1.)
This document was prepared fo assist the California EPA's Multimedia Working Group (MMWG) in
making decisions about new fuel specifications.

Among the key findings of this report is that the State of California needs information that will allow an
informed decision as to the relative risk posed by any newly proposed fuel technology to the State’s
resources, human health and the environment. New fuels or potential additives must be evaluated not
only with regard o engine performance and emission requirements but also with consideration of health
and environmental criteria involving airborne toxics and associated health risks, ozone formation
potential, hazardous waste generation and management and surface and groundwater contamination
resulting from production, distribution, and use. The MMAG sets out for both the CalEPA and new fuel
applicants a set of recommended guidelines regarding how to approach, conduct, and evaluate a
multimedia evaluation.

The key elements of the philosophy and approach in these recommendations are (a) flexibility to address
factors unique to each fuetl type, and (b) a tiered process for consultation and review within a lifecycle
context. Consultation and review provides a means for the presentation of information by new fuel
proponents and feedback iterations from the MMWG aided by expert consultation and peer review. The
tiered structure is designed to accommodate the need to provide defensible information and scientific
studies that are comprehensive, flexible enough to capture issues unique to each fuel, and based on
iterative review and consultation. The MMAG defines three tiers that compose the multimedia
assessment process:

Tier . Technical consultation and peer review to establish the risk assessment elements and issues

Tier ll. Development and review of experimental design for future actions and reports

Tier Hl: Implementation of a Final Muitimedia Risk Assessment and submission of Final Report that
peer reviewed and is used as the basis for the Multimedia Working Group recommendations
presented to the Environmental Policy Council.
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Here we provide a scope of work for an effort to finalize the MMAG and then carry cut Tiers | and |l of the
three-tiered multimedia assessment for the use of biodiesel formulations in the State of California. This
work will be carried out by researchers at the University of Caiifornia collaborating with the staff of the
California Environmental Protection Agency and members of the MMWG. In the sections below, we
describe the tasks involved in this effort as well as projected timelines for these efforts and the projected
budget for each task. It should be noted that both the timelines and cost estimates for Tasks 1 and 2 are
firm and reflect a commitment on the part of UC Davis to meet both the timeline and cost figures in
providing the update of the MMAG and delivering the Tier | report. For Task 3, which invclves completion
of the Tier i efforts, both the timeline and budget number represent available resources, but not
necessarily the resources needed to complete the required efforts for this evaluation. The reason for
presenting the budget and timetlines in this way is that the scope of work and timeline for Task 3 cannot
be accurately characterized without results from the Task 2 (Tier |} report. So what we provide here are
estimates of the full time equivalent (FTE) and experimental resource costs for our best estimates of the
ievel of effort involved in this task. The particular expertise at UC Davis for this project include: Scow
(biodegradation in the environment), Johnson (aquatic toxicology), Ginn (subsurface partitioning), LaBolle
(fate and transport in groundwater), and Last (human health effects).

2. SCOPE OF WORK

We divide this effort into three tasks. Task 1 is an effort to address all remaining comments on the
MMAG in order to develop a final version of this report. Task 2 is the implementation and documentation
of a Tier-1 assessment for biodiesel. Task 3 is the implementation and documentation of a Tier-Il
assessment for biodiesel.

Task 1. Respond fo Comments and Finalize the MMAG.

Extensive commentary received on the MMAG inctudes numerous minor modifications as well as certain
significant modifications that pertain to the structure of the MMA, including:

- redress of the comparative risk assessment methodology

- expanded consideration of motor vehicle emissions including greenhouse gas issues

- evaluation of relevant human studies in toxicology assessment

- recommended use or incorporation of established guidelines in compartments of the MMAG, including

OECD, 2004. Chemicals Testing — Guidelines. Organization for Economic Co-operation and
Development,

OEHHA, 2000. Air Toxics Hot Spots Program Risk Assessment Guidelines Part IV: Technical
Support Document; Exposure Assessment and Stochastic Analysis,

OEHHA, 2004. Overview of Freshwater and Marine Toxicity Tests: A Technical Tool for Ecological
Risk Assessment,

OPPTS 1998. Harmonized Test Guidelines,
US EPA, 2006. TSCA 5(e) Exposure-Based Policy: Testing, U.S.EPA.,

WHO, 19899. International Programme on Chemical Safety Environmental Health Criteria 210,
Principles for the assessment of human health from exposure to chemicals. World Health
Organization, Geneva, Switzerland,

WHO, 1994. International Programme on Chemical Safety Environmental Health Criteria
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170, Assessing human health risks of chemicals: Derivation of guidance values for health-based
exposure limits. World Health Organization, Geneva, Switzerland.

This project will address these suggestions by evaluating relevant documents (listed above and others)
and merging the recommended protocols with those proposed, with evaluations by field-specific experts.
At UC Davis the effort will focus on regulatory impact and subsurface fate and transport (Ginn, Scow),
aquatic toxicology (Johnson), and human health effects (Last).

Deliverable: revised MMAG.
Budget. $15K total
Timeline: 29 June 2007 - 1 September 2007.

Task 2. Biodiesel Tier T Assessment

The goal of the Tier I review is to develop a mutually-agreed upon Work Pian for the Multimedia Risk
Assessment. Tier } begins with a summary report to the Cal-EPA and ends with an agreed upon Work
Plan to proceed through the next two Tiers. The UC researchers will prepare for the MMWG a summary
of what is known about the properties and hazards of biodiesel as available in extant literature and based
on their experience and expertise. The MMWG establishes the key elements and issues of the decision
making process associated with the new fuel. These key elements and issues are peer reviewed.
Included in the summary presented to the MMWG are a summary of regulatory approvals, background
fue! information, and an outline of information necessary for the Risk Assessment Design to be prepared
during Tier Il. The goals of the work include the following basic comparative risk assessment and Life
Cycle Assessment elements:

1. Physical, chemical and environmental toxicity characteristics of the reference fuel, candidate fuet
and additive components,

2. Summary of potential production, distribution, storage; and use release scenarios including a
discussion of the most likely release scenarios,

3. Summary of the expected environmental behavior (transport and fate conceptual models
associated with release scenarios) of propoesed fuel or fuel components that may be released, and

4. Comparison of physical, chemical, and toxic properties of the fuel or additive components to
appropriate agreed upon contro! fuel or fuel components,

The final step in the Tier | process is the development and review of the Tier | Work Plan. The Tier | Work
Plan is developed with input and concurrence from the MMWG and focuses on key issues that must be
addressed in the later Tiers. UC researchers will propose the Tier | Work Plan elements and justify the
proposed approach to the MMWG for approvai. This Work Plan serves to define the issues of the Risk
Assessment Design that is carried out in Tier Il

The Tier | evaluation wifl involve reviews of biodiesel production, conveyance, storage, combustion, and
environmentai interactions processes via examination of resources available in technical and industry
literature, websites, and other reporting venues. Individual contributions are led by co-Pls Scow
(biodegradation in the environment), Johnson (aquatic toxicology), Ginn (subsurface particioning),
LaBolle (fate and transport in groundwater), and Last (human health effects). Individual budgets per co-
Pl include both Pl support (summer salary, laboratory expenses) and research assistant support (salary,
student fees), to be managed by individual co-Pls while remaining within stated budget allocations.

Deliverable: Tier | Work Plan (as defined in the MMAG), with updated budget for Tier Il
Budget: $60K
Timeline: 22 June 2007 - 31 December 2007.
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Task 3. Tier ll Biodiesel Assessment

The next step in the multimedia evaluation process is the development and review of the Tier Il Risk
Assessment Design. Using the Work Plan developed in Tier |, Tier Il comprises further data collection and
the development of a Risk Assessment Protocol. The MMAG Tier Il activities conclude with the
preparation and review of a Multimedia Risk Assessment Protocol report. This section presents summary
aspects of the design of models and experiments used to evaluate rates {fate and transport, partitioning
to multimedia compartments, bioremediation, exposure, and toxicology) of the governing processes, as
well as issues of life cycle design for comparative risk assessment. This summary design of models and
experiments is intended as direction for the filling of knowledge gaps by the applicant, through
experimental data collection and modeling calculations. Because in the present case, the State is in the
role of applicant, the experiments and modeling tasks themselves are also included here in Task 3.

The experimental design for final risk assessment work is developed by the applicant and reviewed by the
MMWG. Together with the MMWG and associated Agency staff, the UC researchers will define the Risk
Assessment Design elements and justify the proposed approach to the MMWG for approval. If necessary,
the Risk Assessment Design should be approved in consultation with appropriate UC peer reviewers.

The Risk Assessment Design will provide a comparison between biodiesel and California diesel fuel (15
ppm sulfur). Experimental Design elements address the scope of the risk assessment, and fill any
knowledge gaps that are identified in the Tier-l Work Plan including the:
» Role and use of models and surrogate chemicals,
« Approaches used to address health and environmental impacts where experimental tools not well
defined, and
» Methodology for integrating all media (air, water, soil, etc.) analyses.

Experimental and modeling work as outlined in the Experimental Design will also be covered within
Task 3 by UC Davis participants with address of biodegradation (Scow), aquatic toxicology (Johnson),
fate and transport in groundwater (LaBotie}, and human health effects (Last), with involvement of other
faculty, students, and postdoctoral associates as needed to identify specific knowledge gaps.

Tier Il concludes with a Risk Assessment Design report that addresses all the elements identified in the
Tier | Work Plan. It will address the knowledge gaps identified during both the Tier | and Tier |l efforts
and include the results of the experimental and modeling work as outlined in the Experimental Design.
The final product of Tier ll is a Risk Assessment Design report that will be approved by the MMWG and, if
necessary, in consultation with appropriate UC peer reviewers prior to executing Tier lll. The estimated
budget and timelines below represent a best estimate based on anticipated activities, tasks, and available
funds to compiete the Tier Il report. Unanticipated activities and tasks that are subsequently identified to
complete the Tier It report would add additional costs to the budget and would need to be negotiated with
ARB staff. In the event that additional funds are not available, a Tier Il report will be completed based on
the available information with a discussion of remaining uncertainties and knowledge gaps that could be
addressed with additional funding. (No changes will be made to the scope of work and/or budget
provided in this agreement without the request and approval of an amendment to this agreement.)

Deliverable: Risk Assessment Design
Expected Budget. $110K
Timeline: 29 June 2007 - 31 May 2008.
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3. The project representatives during the term of this agreement will be:
Requesting Agency: Air Résources Board Contractor. University of California, Davis
Section/Unit. Stationary Source Division Section/Unit. Civil & Environmental Engineering
Attention: Gary Yee Attention:  Timothy R. Ginn
Address: Air Resources Board Address: 2001 Engineering ll|
1001 | Street, 6™ Floor Davis, CA 85616
Sacramento, CA 95814 )
Phone; (916) 327-5986 Phone: 530-752-1707
Fax: (816) 322-6088 Fax: 530-752-7872
Email: gyee@arb.ca.gov Email; ginntr@gmail.come
Direct all administrative inquiries to:
Requesting Agency: Air Resources Board Contractor. University of Califonia, Davis
Section/Unit: Administrative Services Division Section/Unit: Office of Research
Attention: Angie Gomez Attention: Paula Noble
Address: Air Resources Board Address: 1850 Research Park Drive, Suite 300
1001 | Street, 20" Fioor Davis, CA 95618
Sacramento, CA 95814
Phone: (916) 322-4349 Phone: {530) 747-3921
Fax: {916) 327-2940 Fax: N/A
Email: agomez@arb.ca.gov Email: N/A
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I. Executive Summary

As required by Section 43830.8 California Health and Safety Code, before adopting new
fuel specifications the California Air Resources Board (CARB) is required to prepare a
“multimedia” evaluation and submit it to the California Environmental Policy Council for
final review and approval. In general, the State of California needs information that will
allow an informed decision as to the relative risk posed by any newly proposed fuel to the
State’s resources, human health and the environment. New fuels or potential additives must
be evaluated not only with regard to engine performance and emission requirements but also
with consideration of health and environmental criteria involving airborne toxics and
associated health risks, ozone formation potential, hazardous waste generation and surface
and groundwater contamination resulting from production, dist;'ibution, and use.

To oversee the multimedia evaluation process, the Calx nia Environmental Protection
Agency (CalEPA) formed a Multimedia Workmg Group:, H{MMWG) that makes
recommendations to the California Environmental Policy Council regardlng the acceptability
of new fuel formulations that are proposed for usg” in the State. -

The purpose of this document is to set out for,both the CalEPA and new fuel applicants a
set of recommended guidelines regarding how to- approach conduct, and evaluate a
multimedia evaluation.

The key elements of the phxlosophy anaJ Jproach in_these recommendations are (a)
flexibility to address factors unique to each fuel type;and (b“j a tiered process for consultation
and review using a lifecycle.approach. G suftat:on “and review provide a means for the
presentation of information by new fuel proj snents and feedback iterations from the MMWG
aided by expert consultation and- peer review. To address the need to provide defensible
information and scienfific studies that are comprehenswe flexible enough to capture issues
unique to each fuel, and-based-on' -iterative: ‘Feview and consuitation, we recommend a tiered
process. In thisiguidance do ment we define three tiers during the multimedia assessment
process, llstedras follow 5 sumfnanzed in Section IV, and each one detailed in Sections V,
VI, and VII respcctlvely ‘ e

Tier I: Techmcal consu!tati y
issues

and peer review fo establish the risk assessment elements and

Tier II: Developmem‘ and review of experimental design for future actions and reports

Tier HI: Implememanon of a Final Multimedia Risk Assessment and submission of Final
Report that is peer reviewed and is used as the basis for the Multimedia Working Group
recommendations that go to the Environmental Policy Council,

The goal of the Tier I review is to develop a mutually-agreed upon Work Plan for the
Multimedia Risk Assessment. Tier 1 begins with the applicant bringing a summary report to
the Cal-EPA and ends with an agreed upon Work Plan to proceed through the next two Tiers.
The proponent brings to the MMWG a summary of what is known about the properties and
hazards of the fuel as best as they can find and based on their experience and expertise. The
MMWG establishes the key elements and issues of the decision making process associated
with the new fuel. These key elements and issues are peer reviewed. Included in the
summary presented to the MMWG are a summary of regulatory approvals, background fuel

3/14/06 Page 3 of 67 DRAFT
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information, and an outline of information necessary for the Risk Assessment Design to be
prepared during Tier II. The goals of the work include the following basic comparative risk
assessment and Life Cycle Assessment elements:

1. Physical, and chemical and environmental toxicity characteristics of the reference fuel,
candidate fuel and additive components,

2. Summary of all potential production, distribution, storage, and use release scenarios
including a discussion of the most likely release scenarios,

3. Summary of the expected environmental behavior (transport and fate conceptual models
associated with release scenarios) of proposed fuel or fuel components that may be
released, and 3

4. Comparison of physical, chemical, and toxic propgifies of the fuel or additive

components to appropriate agreed upon control fuel -: 0D poncnts

The final step in the Tier I process is the deve 6; w of the Tier I Work
Plan. The Tier I Work Plan is developed with inp om the MMWG and
focuses on key issues that must be addressed cant must propose
the Tier I Work Plan elements and justify the proj dach to the MMWG for approval
This Work Plan serves to define the issues of the¥ ssessment Design that is carried out

in Tier II.

The next step in the multimedia e
Tier II Risk Assessment Design. The
deveIOped by thc apphcant idreviewe

signtor final risk assessment work is
. ¥G. The applicant must propose the

the proposed” approach to the MMWG for
Iso be peer reviewed.

The Risk Asscssment@esgﬁh@i i%myglde a comparison between the proposed fuel or
additive and atg@alifornia Alr Resources Board fuel base fuel. Experimental
Desngn eleme jtssad gpe of the nsk assessment, and fill any knowledge gaps that

* Methodology for'integrating all media (air, water, soil, etc.) analysis.

Tier II concludes with a Risk Assessment Design report that addresses all the elements
identified in the Tier I Work Plan. It should address the knowledge gaps identified during
both the Tier I and Tier II efforts. The final product of Tier II is a Risk Assessment Design
report that will be reviewed by the MMWG and peer reviewed prior to execution during Tier
IIL

The final Tier III Multimedia Risk Assessment submittal should include a summary of
preliminary review and experimental design review steps taken through Tiers I and II. The
final Multimedia Risk Assessment should also include an expanded analysis of the release
scenarios that pose the greatest threat to human health, the environment, and beneficial use of
California resources.

3/14/06 Page 4 of 67 : DRAFT
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The final step in the multimedia evaluation is the completion and review of the Tier 11
Multimedia Risk Assessment according to the agreed upon design developed through Tiers 1
and II. A final report is produced that is used as the basis for the recommendations by the
MMWG that go to the Environmental Policy Council. This final product, as well as the
MMWG recommendations, is also peer reviewed.

3/14/06 Page 5 of 67 DRAFT
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II. Introduction

As required by Section 43830.8 California Health and Safety Code, before adopting new
fuel specifications the California Air Resources Board (CARB) is required to prepare a
“muitimedia” evaluation and submit it to the California Environmental Policy Council for
final review and approval. In general, the State of California needs information that will
allow an informed decision as to the relative risk posed by any newly proposed fuel to the
State’s resources, human health and the environment. New fuels or potential additives must
be evaluated not only with regard to engine performance and emission requirements but also
with consideration of health and environmental criteria involving airborne toxics and
associated health risks, ozone formation potential, hazardous whste generation and surface
and groundwater contamination resuiting from production, di tigbution, and use.

% AL )

a Environmental Protection
G) that makes
ding the acceptability

To oversee the multimedia evaluation process, the Iiiia
Agency (CalEPA) formed a Multimedia Working” Groip

A

recommendations to the California Environmental Réfity Council t

both thé¥FalEPA and new fuel applicants a
wegostapproach, conduct, and evaluate a

set of recommended guidelines regarding ho
mujtimedia evaluation.
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I11. Philosophy of Multimedia Guidance Document

The recommendations contained within this report have been established through a set of
meetings between the University of California and the MMWG. Through this process, a
philosophy to interpret and harmonize the recommendations has developed. This philosophy
is largely based on lessons learned from other fuel review efforts—in particular with ethanol
and PuriNOx. In this section we describe this philosophy. The key elements of the
philosophy and approach in these recommendations are (a) flexibility to address factors
unique to each fuel type, (b) a tiered process for consultation and review using a lifecycle
approach.

A. Flexibility to Address Factors Unique to Each Fli"'héﬂl_—Type

Each proposed fuel formulation brought to CalEPA for-toiisideration will likely present
unique issues that are difficult to fully anticipate in detalled hlgh"iy prescriptive guidelines.
Examples include custom aspects of product or adetjive manufachiite; transport, mixing, and
on-site storage requirements; particulars of non-uniform and/or partlal ‘market targeting; or
potential co-requ131te equipment modifications; The miultimedia process must also be
applicable to emerging transportation fuels of the future such as hydrogen or fuels not yet
envisioned. To effectively address such a WIde__.spectrum of possible issues requires
guidelines that are both clear about what. information: is needed in general and sufficiently
flexible to adapt to a broad range of fue} formulatlons -and manufacturing/marketing and
strategies.

B. Consultation and Revnew

Consultation and_r v1ew prov1de a means for presentation of information by new fuel
proponents and feedback iterations frofi-the. MMWG aided by expert consultation and peer
review. In particular, w1th1n “the context of a tiered structure, consultation and review
provides a mechamsm for comments to be given to applicants at intermediate stages of the
application process, rathér than solely at the end. Because the application process involves a
complex and_potentially expensive set of activities, providing intermediate review of the
decisions mdde in the desigh of the multimedia evaluation can save time and effort for all
parties involved;: “and can alléw applicants to focus on key issues and uncertainties during the
muitimedia assessment ~-T.;F

C. The Tiered Approach

To address the need to provide defensible information and scientific studies that are
comprehensive, flexible enough to capture issues unique to each fuel, and based on iterative
review and consultation, we recommend a tiered process. In this guidance document we
define three tiers during the multimedia assessment process, listed as follows, summarized in
Section IV, and each one detailed in Sections V, VI, and VI, respectively.

Tier I Technical consultation and peer review to establish the risk assessment elements and
issues.

Tier II: Development and review of Multimedia Risk Assessment Experimental Design.

Tier III: Multimedia Risk Assessment Submiital, Review and Recommendations.

3/14/06 Page 7 of 67 DRAFT
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D. Key Assumptions and Benefits of the Tiered Approach

There are several assumptions that support the use of a tiered approach. These
assumptions are based upon past experience evaluating new fuels for California. The key
assumptions include:

* Each fuel will have some unique features, both in terms of chemistry and potential
impacts, and that case-specific guidance can help focus effort and resources for
individual applicants. Without early feedback, a proponent runs a high risk of performing
unacceptable or unnecessary work.

* Not all the information will be readily available and new
to do additional testing. The proponent will not alway
do the additional testing and may need assistance to difett aghis

* The additional testing may be cost prohibitiveiffom the “pE
proponent will want to know how much needsg@e’be done in ordeg:
proceed. =

roponents will likely need
we the skilled staff to properly

Experience to date supports these assumptionsian ;g
benefits of the tiered approach. The béfighits to a tiered*approach include:

. . P Tx
* Peer review is ongpin

State or the new fuelp

3/14/06 Page 8 of 67 DRAFT
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IV. Background for California’s New Transportation Fuel
Evaluation Process

In this section we summarize the multimedia evaluation process and the California
regulatory review requirements for new transportation fuels including the proposed tiered
approach. Detailed guidelines for addressing the goals and targets for each tier are given in
the three sections that deal with each tier respectively.

A. An Introduction to '""Multimedia' Risk Assessment and Key Elements

In the late-1950s, scientists began to recognize that certam chemical pollutants were
capable of persisting in the environment, migrating between aif; water, soils and sediments,
and accumulating to levels that could harm wildlife and humans. Prior to this time the field -

of contaminant fate and exposure assessment was cofitentrated piecemeal on assessing
chemical behavior in air, water, or soil as separate: compartmcnts but this paradigm ran
counter to the emerging realizations about the behawor of chemicals in the env:ronment A

components of the environment — the atmosphi ere, hydrosphere ltthosphcre and biosphere.
Since 1985 an entire discipline for mu]tlmcdla ass _smcnt of environmental contaminants

Multimedia fate models are now *
assessments.

A risk assessment is a systematic evaliation"of tHét’prchability of harm (human disease or
ecosystem damage). The . elements of a Tisk assessment include hazard identification,
exposure assessment, toxicity assessment, and risk characterization. Hazard identification is
used to establish the possibility of harm through toxicological testing that indicates the likely
toxic effects of a substance—cancer, reproductlve damage, neurotoxicity, etc. The possibility
of harm can also-be assessed through studies that identify exposure potential based on

chemical propertles'. 0L, example persistence and bioaccumuiation potential are properties
of a chemical that mcreaée its likelihood of having a relatively high exposure potential for
both humians and ecosystems. An exposure assessment involves source/emission
charactcrlzatlon, environmental transport and transformation, and estimates of uptake or
intake for humaqs or other biological organisms. A toxicity assessment is used to
characterize the 1iké mo_od of harm at a given dose and typically results in a dose-response
model. The risk characterization is the process of organizing this information into an estimate
of the expected level of harm as well as the reliability (that is uncertainty and variability) in
this estimate.

A key element in the development of the risk assessment issues is a conceptual model
regarding the behavior of the proposed fuel components in the environment. A conceptual
model is a group of hypotheses that summarize expected environmental behavior (transport
and fate) of proposed fuel or fuel components. These hypotheses should be supported by
literature citations and field data as much as possible. The uncertainty in the data supporting
a release scenario conceptual model will be very important in identifying any additional work
ot research that will need to be performed and each piece of data that needs to be provided to
answer a specific question.
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A key element in the development of risk management options is the appropriate
comparison of physical, chemical, and toxic properties of the proposed new fuel or additive
components to an appropriate agreed upon control fuel or fuel components. Generally this
comparison fuel will be one that already is widely in use. Existing risk management options
may already be in place that are appropriate for the proposed new fuel or additional controls
may need to be considered.

The comparative evaluation of new and existing fuel formulations must provide
information that can be used to compare relative impacts at different stages of the fuel life
cycle (formulation, transport, storage, use) to existing transportation fuels already widely in
use. One widely used approach for such comparative studies is Life-Cycle Assessment
(LCA). The goal of LCA is to collect relevant information abgfit health and environmental
impact for the whole life cycle of a product, from the prodygtien of the raw materials to the
ultimate disposal of the product. LCA is commonly wr ped. as a four step process that
includes (1) goal definition and scoping, (2) mvento impact assessment, and
(4) interpretation and improvement. As interest jnfl.CA has ingigased, a literature and
discipline has grown in the area of life-cycle |rg,g§ct assessment (LGI;’-& (ISO 14042) (SO
2000, Udo de Haes et al. 2002; Bare et al. lgg 2000 Fggo de Haes & al. 1999a, 1999b;
Owens 1997) An unportant con51derat10n of L» 3 grcategories as well as the temporal
tte time and resources, an LCIA could

collect and use extensive amounts of dita.t tate,and fully characterize all categories
of potential impact and account for aJ}. IHcibycle stageskBut in reality there are time and
budget restraints that require the LCLA & pet0 the most important aspects of a
particular issue. As a result op \ a¥and the proposed tiered multimedia
approach—-is to select th aries; scale, and-level-of detail required-in
addressing a specific is iYation. In combination with a tiered strategy, we

designed to pr&; AP
summarized in e Jdhnd illustrated in Flgure 1. The process begins with an applicant
screening stage. %715 a preliminary review by the Cal-EPA MMWG to assess the
proposed fuel plausibility and/or feasibility. The purpose of this tier is screen out any
proposals that are not worth pursuing even to Tier I. For example, ideas that clearly violate
basic concepts of scientific feasibility—mass balance, the laws of thermodynamics, etc., or
ideas that appear to be the work of a team with no financial or technical resources to move
forward on the concept. The screening review can take as little as few days and should take
no longer than a couple of weeks.

Once a project has cleared the screening review, it moves in sequence through the next
three Tiers. Tier I begins with the applicant bring a summary report on the fuel to Cal-EPA
and ends with either the development of a Work Plan for the Multimedia evaluation or a
decision to withdraw the fuel development plan. Tier II follows the Work Plan developed
during Tier I to draft a Risk Assessment Design report. During Tier III the Risk Assessment
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Design is executed and a report prepared providing the results of the executed Multimedia
Risk Assessment.

Table 1. Summary of the recommended Multimedia Risk Assessment process.

Fuel Applicant Multimedia Peer Review
Work Group
Tier I Fuel Background Screens applicant and | Technical consultation
Summary report: establishes key risk -3 during development of

Tier I Work Plan
including identification
of key risk assessment
| “elements and issues

* Chemistry assessment element
and issues :

* Release Scenarios

* Environmental
behavior

Mutually-agreed upon Tier I Work Plan to
proceed through multimedia evaluation.:

Tier 11 Risk Assessment Comméﬁt‘qn Risk Technical peer review
Design report Assessment Design consultation of Risk
- Rt Assessment Design

Tier I | Execution of Risk Independent peer

Assessment and: : review of Multimedia
preparation of - thé Environmental Risk Assessment report
Multimedia Risk . Policy Council based | and Working Group
Assessmentreport | on Multimedia Risk recommendations

Assessment report
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Applicant’s summary report
¥

TierI Workplan

Identdy key elements Revised review
and issues Workplan

Tier I Risk assessment design|— Risk assessmeni
Prepare risk design peer
assessment design asSes

Tier IIT Multimedia
Execute full risk Report

assessment
N

Environmental Review
Policy Council /

-Approval

ASSesst 'e":' . Tier I begins with the applicant bringing a summary report to
the Cal-EPA &zal fd ends with an agreed upon Work Plan to procccd through the next
two Tiers. The proponent brings to the MMWG a summary of what is known about the
properties and hazards of the fuel as best as they can find and based on their experience and
expertise. The MMWG establishes the key elements and issues of the decision making
process associated with the new fuel. These key elements and issues are peer reviewed.
Included in the summary presented to the MMWG are a summary of regulatory approvals,
background fuel information, and an outline of information necessary for Risk Assessment
Design. The goals of the work include the following basic comparative risk assessment and
LCA elements:

1. Physical, and chemical and environmental toxicity characteristics of the reference fuel,
candidate fuel and additive components,
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2. Summary of all potential production, distribution, storage, and use release scenarios
including a discussion of the most likely release scenarios and any waste that may be
generated,

3. Summary of the expected environmental behavior (transport and fate conceptual models
associated with release scenarios) of proposed fuel or fuel components that may be
released, and

4. Comparison of physical, chemical, and toxic properties of the fuel or additive
components to appropriate agreed upon control fuel or fuel components.

The final step in the Tier I process is the development and review of the Tier I Work Plan.
The Work Plan is developed by the applicant with input and coficurrence from the MMWG
and focuses on key issues that must be addressed in the Jater Tiers. The applicant must
propose the Work Plan elements and justify the proposéd<approach to the MMWG for
approval. This Work Plan serves to define the issues of the Risk: Assessmcnt Design that is
carried out in Tier II. :a :

An expanded description of the Tier I processi and initial applicatio"{li,_rcquircments can be

found in Section V of this document.

Tier II - Multimedia Risk Assessment Experimen| lﬁ’-é-sign Review

The next step in the multimedia cvaluatlon process.is the development and review of the
Risk Assessment Design. The expetimcnta ign for-final risk assessment work is
developed and reviewed by the MMW@GE The icant must propose the Risk Assessment
Design elements and justify the: proposcd proach 16-the MMWG for approval. The Risk
Assessment Design should also undcrgo techmcal consultation peer review,

The Risk Assessment Desxgn should provu'le a comparison between the proposed fuel or
additive and the appropriate CARB fuel base fuel. Experimental Design elements address the
scope of the risk assessment, and fill any knowledge gaps that are identified in the Tier |
Work Plan mcludmg the:

* Role. and use of models and surrogate chemicals,

« Mannef that used to address health and environmental impacts where experimental tools
not well defmed, and 7

o1 ntegrating all media (air, water, soil, etc.) analysis.

Tier II concludcs “with a Risk Assessment Design report that addresses all the elements
identified in the Tier I Work Plan. It should address the knowledge gaps identified during
both the Tier I and Tier II efforts. The Risk Assessment Design report will be reviewed by
the MMWG and peer reviewed prior to execution during Tier III.

An expanded description of the Tier II process and a discussion of possible Risk
Assessment Design elements can be found in Section V of this document.

Tier HI - Multimedia Risk Assessment Submittal, Review and Recommendations

The Tier III Multimedia Risk Assessment submittal by the applicant should include a
summary of preliminary review and experimental design review steps taken through Tiers |
and II. The Multimedia Risk Assessment should also include an expanded analysis of the
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release scenarios that pose the greatest threat to human health, the environment, and
beneficial use of California resources.

The MMWG evaluation of the Multimedia Risk Assessment includes development of
recommendations to the Environmental Policy Council. The Multimedia Risk Assessment
and MMWG recommendations are then peer reviewed and submitted to the Environmental
Policy Council. '

An expanded description of the Tier III process and the submittal of the final Multimedia
Risk Assessment Report, the subsequent development and peer review of recommendations
to the California Environmental Policy Council can be found in Section VII of this
document.

C. Summary of Previous Regulatory Approvals and '

Regulations =
As part of the preparation for the Multimedia R Assessme “gp lication at Tier 1, the
applicant should provide a summary of prior reg ory approvals 'i:%s;hould include any
e available or in

individual state, national, or other-national r&g atory approvals th

fiepia, a@ithese approvals should be couched
within the context of the relevant Callforma regu . An example listing of the relevant
California regulattons are summariz€dzas . whis catalogue is a static and non-

ertaining to regufa&ons and codes abplicaﬁlc to
1gal emative fuels in thc state of California. The

dix A are each found via the California Environmental
e webpage, and v1a the laws and regulations page, on

these links leads;to a list _r s that provides access to each specific law. Provnded below is
a very brief summary of some highlights of the relevant codes. The applicant is responsible
for identification of%g@bst recent and applicable codes at the time of application.

California EPA applicable regulations derive from the Safe Drinking Water and Toxic
Control Act of 1986 and enforcement of these codes is discussed in this Act. Also dealt with
in this Act is the preservation of rights, referring to the fact that the Safe Drinking Water and
Toxic Control act of 1986 can not diminish or alter previously existing codes, regulations or
statutes.

Codes and regulations overseen by the Air Resources Board (ARB) that relate to air
quality impacts of new and alternative fuels include:

* The California Reformulated Gasoline Regulations. This set of regulations is broken up
into two parts. The first part contains codes for vehicle fuel and gasoline that were
“sunsetted February 29, 1996.” As such, these regulations are no longer applicable. The
second part contains two sets of regulations. The regulations that are applicable today are
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the ones instituted on December 31, 2002 (Phase 3, CaRFG).

» The California Diesel Fuel Regulations. This set of regulations specifies the standards for
diesel fuel. The regulations dictate allowable levels of sulfur and aromatic hydrocarbons
associated with diesel fuel use in the state. Also outlined in the Diesel Fuel Regulations
is the Airborne Toxic Control Measure, designed to reduce particulate emissions from
diesel fueled engines.

* Specifications for Alternative Fuels. Contained in this set of specifications are
definitions and standards that detail what is classified as an alternative fuel.

* Climate Change Emission Contro] Regulations. This fact sheet gives information on the
current and near future regulations for emissions of ¢ greenhouse gases.” Also outlined in
this fact sheet are estimated consumer costs. :

The Office of Environmental Health Hazard Assessment s (OEHHA) web page lists
articles describing applicable codes. The codes and regu]atlons overseen by OEHHA also
contain regulations deriving from the Proposition 65: Amendment (1986 and subsequent) to
the Safe Drinking Water and Toxic Enforcement Act ( 1986), and mciudc

1. Interagency Consultation. This section requlres for_an 1nter-agency consultation for
anything that might alter the states water quality conn'ol ‘standards and or measures.

2. Groundwater Control Programs. The State WaterResources Control Board (SWRCB) is
allowed to develop and 1mplernent programs des:gncd to protect groundwater quality.
xpand the: power of the SWRCB beyond

3. Discharge of Waste. Waste Policies and dcﬁmtlons are laid out for materials considered
hazardous waste. A regional béard, in a:water quality control plan or in waste discharge
requirements, may specify certain conditions or areas where the discharge of waste, or
certain types of waste, will not be permitted. Discharge of Oil or Petroleum details
regulations and punishments for violating outlined regulations. Also included is a special
section aboui MTBE. Cleanup and Abatement: details regulations regarding cleanup time
frames, and applxcable monetary punishments for spills and contamination.

The Department of Toxw Substances Control (DTSC)'s is the State agcncy responsible
for enforcing hazardous waste laws. Hazardous waste regulations appear in Title 22 (Social
Security), Division, 4.5 and-are listed on the departmental web page (see Appendix A). The
DTSC also adopts emergency regulations when it determines, and the Office of
Administrative Law toncurs, that there is an immediate need for a regulation to protect the
public health and.safety, or the general welfare. Typically, emergency regulations stay in
effect for 120 days, during which DTSC conducts their rule-making process to permanently
adopt the regulations.

The State Water Resources Control Board’s mission is he State Board's mission is to
preserve, enhance and restore the quality of California's water resources, and ensure their
proper allocation and efficient use for the benefit of present and future generations. The
codes and regulations overseen by the SWRCB deal with various sections of the California
Water Code, and relevant regulations incllude the Federal Clean Water Act (Title 33, U.S.C.
sections 1251 and following), the California Code of Regulations, and the Porter-Cologne
Water Quality Control Act - (California Water Code, Division 7. Water Quality} with
amendments effective January 1, 2006. In light of dramatic regional differences in climate,
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topography, geology and hydrology, the state is represented by nine Regional Water Quatity
Control Boards (Regional Boards), whose mission is to develop and enforce water quality
objectives and implementation plans which will best protect the beneficial uses of the State's

waters.
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V. Tier I: Establish Fuel Risk Assessment Elements and Issues

Tier I begins when the applicant brings a summary report to the MMWG and ends with a
Work Plan for the Multimedia Risk Assessment design (Tier II) and execution (Tier III).

This section describes the information that a new fuel proponent should bring to the
MMWG to begin discussions that will lead to a design of a risk assessment for assessing the
multimedia impacts of a new fuel formulation. There is emphasis both on the type of
information needed and how this information fits into the tiers that have been identified. At
Tier I, the goal is not to answer all the questions, but instead to identify what questions must
be addressed and to develop a Work Plan for the types of experiments, models, and
evaluations that are needed to confront identified issues. The: paragraphs below have been
organized to show the information gathering activities acqordmg to both process and
elements. This information gathering process must be built around a technical peer-review
consultation in which the applicant provides prehmmary mformatlon to the MMWG. The
applicant then proposes and justifies to the MM WG a et of key issugs and elements that will
be used as a basis for the Multimedia Risk Assessment Design. The: MMWG accepts or
amends this list of key issues or elements alded by expert peer review “consultation. The
results of this process are described in a Work Plan that'is developed by the applicant and
endorsed by the MMWG.

Guidelines for preliminary planning and assessment for addressing fundamental risk
assessment targets are, restated as follows ST .

* Physical, and chemical and env:romh oxmt?ia'iéharacteristics of the reference fuel,

candidate fuel and additive ceinponents_

. Summary of all potcntlal productlon dlstnbutlon storage and use release scenarios

*  Summary of the. expecf env:ronmenta] behavior (development of transport and fate
conceptual: friodels associated with release scenarios) of proposed fuel, fuel components,
or waste that may be* released a.nd

. Comparlson of physnca] chemical, and toxic properties of the fuel or additive
components to appropriate agreed upon centrol fuel or fuel components.

A. Technical Pezeif::lié'{fiew Consultation

The technical peer review consultation begins when the applicant brings to the MMWG a
summary of what is known based on their experience and expertise, and available data. It is
important that the applicant makes a “good faith” effort to provide complete and useful
information. The information provided should include physical, chemical and toxicity
properties, release scenarios, and estimates of exposure potential, including:

* Background, reference, candidate fuel information
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» Fuel and fuel modifications

» Chemical composition

* Summary of manufacture, transportation and storage of the fuel and additive components
* Historical use of fuel components or additives

Physical, Chemical, and Toxic Properties

In the report that provides a first-tier information for the MMWG and serves as the focus
of the technical discussion and consultation, the applicant must provide physical, chemical,
and toxic properties data for the reference fuel, the candidate fuel, and individual components
(additives) in the proposed fuel. The relevant physical properties of the substance include its
physical state at room temperature (solid, liquid, gas); "

+ physical appearance and color; melting point;
* boiling point;
» density; and ﬁ )

diffusion coefficients in air or water (if availabie

The relevant chemical properties include: ¢
*  vapor pressure;
s water solubility;

* octanol-air partition coefficient (lf awaallab % s,
* any measure of dlssocMnag watcr,ﬁﬁ '

In addressing the substance properties above, the applicant should consider both the
availability and reliability of studies used to establish these properties. Where there are clear
gaps, the applicant should propose methods for estimating these properties or experiments to
measure the missing properties. Absence of information should not be equated with absence
of harm. It is important for the MMWG to have a process for classifying substances with
little or no toxicity data. They should not be treated as harmless if there are no data to
support or refute the premise that the substances are toxic. Similarly, in the absence of
measured chemical (or physical) properties, the applicant may use property estimation
methods but all parties must recognize, accommodate and communicate the greater
uncertainty introduced to property values obtained from estimation methods rather than
measurements.
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An important aspect of the applicant’s review of substance properties is an effort to
assign measures of importance to all information—both available and missing information.
To achieve this, the applicant should establish the link among substance properties, release
scenarios, exposure pathways and potential ecological or human health risk. The elements of
the risk assessment are designed to address specific questions. Thus it is important to
identify which substance information (whether available or not) relates to which questions.
The applicant should also compare physical, chemical, and toxic properties of the fuel or
additive components to appropriate agreed upon control fuel or fuel components

Release Scenarios

During the development of release scenanos a fuel life cycle approach should be used.

be released during production, distribution, storage, and use*il '”_consrdcrmg release scenarios,
the applicant should provide a summary of all potential distri uﬁon, and use release scenarios
as well as a discussion of the most likely release scenarios. From:a.comparative standpoint,
this evaluation provides a means to assess differences between. the potential release
mechanisms of an existing transportation fuel in wide use and the newly- proposed fuel.

Possible release scenarios that should be consndered mclude the following:

e Catastrophic release of fuel or the additive package durmg plpehne rail, or truck
transport into California. Releases tQ ﬁeshwate and marine environments, as well
as soil and air, should be considere

* (Catastrophic release of fuel or additi\:r packdge fr man 'underground storage tank.

* Slow release of the modified fuei or addltlve package from an underground storage tank
should also be con51dered

* Release of fuel or addm e package»ﬁ‘om a bulk storage container at a production or
mixing facrhty—

. Relea;cdurmg normal se. Worker exposure by dermal or other routes during fuel
_‘F’from or to tanks changlng hoses, etc., should be explicitly considered.

* Air Relcases of Cntcrla Poliutants Green House Gases, Toxic Air Contaminants, and
Ozone Precursors mcludmg exhaust emissions, evaporative emissions, and other
emissions that 1 may result from manufacturing, production, transport or accidental
releases.

* Additional release scenarios as appropriate for fuel or additive and identified by the State
of California or peer reviewers.

Release scenarios are dependent on many assumptions and are not intended to be
predictive, although additional consideration is warranted for more likely release scenarios
and scenarios that have potentially severe consequences. Therefore, the description of the
potential environmental release scenarios should include an evaluation of which scenarios
pose the greatest threat to human health, the environment, and beneficial use of water
resources. This evaluation will also include estimation of the likelihood of occurrence for
each scenario and the basis for that estimate.
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Development of release scenarios during production should consider:

* The specific make-up of the proposed fuel or additive package,

* How the proposed fuel or additive package will be manufactured, blended, transported
and stored, and

» The introduction of trace compounds, preservatives, and process impurities.

Development of distribution and storage release scenarios should consider:

* The transportation of the bulk fuel via the various alternatives available, e.g., shipping,
trucks, pipelines, rail,

= Estimates of volume by each means of conveyance, A

+ Storage (includes large bulk above ground as well as smalléibelow ground) means, and

* The compatibility of additive and/or product with stora d distribution materials.

Development of use release scenarios should consider;
» The extent of anticipated use, '
¢ Normal vehicle fueling processes, and

Release scenarios include both normal and oft-Avamal releases. Normal releases would
include combustion and vapor emissiGnsEdusi izezand use and small routine spillage.
Off-normal releases encompass faill.% jOstation crashes and ruptures of
containment vessels. The normal and%eff-nofmiai#gelease scenarios should consider all
possible media to which thegpinposed fagl€omay be released including air, ground water,
surface water, and soils. 45 '

o=
= e
A

If there is a historyo; previq}_c;h,c 59%{ the proposed new fuel components and there have
been previous life cyclewel gpsgs‘_ﬁh%%ﬁﬁiﬁrg__dmgs from any associated impacts or field
studies shouldvb%idisgusseﬁ%;giart of the release scenario development.

e .

Since thés evelopei?.Eg ,%eeai;’e 56
it is impefdant to include Taithe di

narios will be used to focus key multimedia impact issues,
ission of the release scenarios information regarding:

% for given type of release, and

* Risk assessmentd
» Risk managementoptions for that type of release.

Appendix B contains an example listing of potential release scenarios that were
developed during the multimedia evaluation of the use of ethanol as a fuel oxygenate in
California. The table includes a brief description of each release scenario, likely site
characteristics, an estimation of the likelihood of occurrence, risk assessment issues that may
be important during the consideration of each scenario, and risk-management options.

Hazardous Waste Management Issues

It is important to identify hazardous waste that may be generated during the proposed
fuel’s life cycle particularly from fuel production processes and catastrophic release
scenarios. It is necessary for the applicants to identify highly probable hazardous waste
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generation scenarios and identify the expected waste chemical characteristics, As part of the
potential hazardous waste evaluation, the scenarios should include:

» A description of any non-petroleum release that may generate hazardous waste,
* Possible classification of hazardous waste generated, and

* Management approach that could be applied to the identified hazardous waste, including
chemical analytical methods that would be applicable to the appropriate release media
according to hazardous waste regulatory requirements.

A plan that illustrates how the generated hazardous waste will be managed must be
submitted for DTSC to review as part of the Multimedia evaluation. The hazardous waste
management plan should consider handling, storage, transportation, disposal, treatment,
reduction, cleanup and emergency planning. DTSC would prcfer that the plan demonstrate
that applicant has considered the preferred hazardous waste hierarchy, in descending order,
of 1) source reduction, 2) recycling, 3) treatment, and 4) land disposal. The application must
explicitly state if there is no hazardous waste generated in al! processes and scenarios. Waste
management issues that should be considered include:

* How would a release of the modified fuel respond. to standard ;petroleum cleanup
technology and strategies? Would the modlﬁed fuel bE'€ £asier or harder to cleanup?

* If a spill occurred, would the contammated’ ils be a hazardous waste? If the
contaminated soil is a hazardous waste what is ltsappropnate management?

* What hazardous waste is generatcd ?manufachmng process of the components of
the additive package or the modified: fuel?

the modlﬁ uel were dlscarded would the waste be a
Resource Conservatlon ‘and Rccovery Act (RCRA) hazardous waste or a non-RCRA
hazardous waste?, 5 Qprlate management of the hazardous waste?

Estimates of Exposure'P D

In the firsttier, for proposed fuel or fuel components that may be released the applicant
should provnde estimates. of the expected environmental behavior (transport and fate), and
ecosystem. and human exposure potential. This evaluation will also include an estimation of
the likelihood of occurrente for each release scenario and the basis for that estimate. The
expected environmental behavior can be obtained using screening-level fate and transport
models with chemical properties identified above as inputs. Environmental behavior should
be assessed using key release scenarios. Potential for ecosystem behavior can be based on
long-term average concentrations in surface water and soil. Potential for human exposure
can be based on concentrations in air, soil, surface water, and ground water combined with
exposure factors that account for plausible levels of long-term human contact with these
media—i.e. 20 m3 per day of air breathed, 2 L water per day ingested, etc. An important
aspect of the estimate of exposure potential is an estimate of the overall environmental
persistence of the chemical components of the fuel. Overall environmental persistence has
been shown to correlate with exposure potential for multimedia pollutants.

Tier I Calculations: Fuel Life-Cycle Assessment

At Tier I the goal is to systematically include information about the potential effects of
harmfui emissions and resource demand so that the applicant and Cal-EPA can make
judgments about the relative importance of different environmental impacts. At this stage, the
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comparative evaluation of environmental stressors addresses the needs of decision makers to
target the risk assessment elements and issues needed for Tier Il and Tier III. As noted above,
one widely used approach for such studies is Life-Cycle Assessment (LCA). In particular the
life-cycle impact assessment (LCIA) stage within LCA provides a systematic process by
which emissions are evaluated and interpreted to identify the most important contributions
and assess overall impact. At Tier I, the LCA process should include a list of toxic chemicals
released at each stage of the fuel life cycle, including hazardous waste, any measures of
toxicity available for these chemicals (LD50, cancer potency, etc.), estimates of the
approximate magnitude of release, and identification of the environmental medium likely to
receive the release (air, surface water, soil, ground water).

B. Preparation of a Work Plan to Identify and Jusﬂﬁ? Key Risk Assessment
Elements and Issues

justifies to the MMWG a set of key elements that e used as :'r.v;;
Risk Assessment. Among the elements that gl be identified m¥this process are the
following: - £

Using information and procedures outlined abgv

gent; chemical formula (or similar
emical and physical. properties.

» Hazard characterization - Name of the ha
structural identiﬁcation)

foriitation on the toxicity of the fuel
Pevidence of harmful effects. Report

atie: ecological exposure - Describe scenarios for
AlEgua t%s of material reieased Use screening level

L

to applicant outlmm concerns and providing guidance and which elements need to be
added and how they can be addressed.

Once this process is complete, the applicant completes and submits for MMWG approval
the Risk Assessment Work Plan,
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V1. Tier II: Develop and Review a Multimedia Risk Assessment
Experimental Design

Using the Work Plan developed in Tier I, Tier Il comprises further data collection and the
development of a Risk Assessment experimental design. Tier 11 concludes with the
preparation and review of a Muiltimedia Risk Assessment Design report. This section
presents summary aspects of the design of experiments used to evaluate rates (fate and
transport, partitioning to multimedia compartments, bioremediation, exposure, and
toxicology) of the governing processes, as well as issues in waste management and life cycle
design for comparative risk assessment. The description is intended to serve as guideline and
not as an exhaustive description of experimental protocgl=*or of conceptual model
construction for the priority processes, for which appropriate:technical materials should be
consulted.

A. Background to a Fuel Risk Assessment Experlmental Desngn
Comparative Risk Assessment of Release Scengiios -

The Risk Assessment Design should be based on _ths Tlcr I Work Plan and provide a
comparison between the proposed fuel or additive- fid’the baseline fuel that the MMWG has
agreed should be the basis for compafison m the Work Plan. Release scenarios of greatest
interest will have been identified in thi ) based: ;on the likelihood of adverse impact
or occurrence. The examination of th gase scenarios must be included in the
proposed overall risk lmpact experimen eésign. “The conceptual model assumptions
regarding potential transport ‘and. fate of components of concern will be very important
during this process. _.--a_ S

Integration — Methodology of Integratmg comprebenswe media (air, water, soil, etc.)
analyses

The mul@rﬁedia"hssessmeiit process requires integration of information across different
environmental media, ditferent space and time scales, and different types of populations. In
contrast "téi"‘the single—méaium p‘&radigm for assessing impact a multimedia approach

balance rclatlonshlps ( between sources and sinks in the env1ronment), trace
contaminants through the=entire environmental system, observing and recording changes in
form as they occur; and identify where in this chain of events actions to mitigate or alter
actions would be most appropriate.

To assess exposure and risk a multimedia fate assessment is linked to a cumulative multi-
pathway exposure assessment. For both human and ecological receptors this requires that we
relate contaminant concentrations in multiple environmental media to concentrations in the
media with which a target population has contact. For humans this includes personal air, tap
water, foods, household dusts, soils, etc.). The potential for harm is assessed either as the
average daily intake or uptake rate, or as time-averaged contact concentration.

How will knowledge gaps be addressed?

Uncertainty in the current state of knowledge regarding the modified fuel should be
discussed throughout the data package and key uncertainties should be identified. If
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experimental data is provided, standards, tests, and experiments used to generate this data
must be fully described, and discussed along with proper experimental controls. Whenever
possible standardized methodologies should be employed.

To address knowledge gaps, it is important to discuss test-data quality and provide an
evaluation of overall uncertainty. In discussing test-data quality, the applicant should
consider test data quality (data uncertainty, precision and accuracy, and statistical design
issues). The evaluation of overall uncertainty should address the contributions to uncertainty
from models, test data, surrogate chemicals, and applicability of testing data.

Role and Use of models

To assess the impact of environmental chemical releases #the ambient environment
requires source, transport, exposure and risk characterizationgodels. It must be recognized
that these models will thus be important tools to SUpPOLE: isions to tolerate, regulate or
monitor existing and new chemical uses. In this role, £isk chax;actenzatlon models provide
prospective analyses of impacts from new chemlcal%nd retrospech ;e analyses of the links
between health outcomes and various chemical ysést In using mod support regulation

and monitoring policies, decision makers stru equestion o hkely are they to

consequences of those choices. thEséequestions, decision makers rely on
modelers to quantify the representatiyeness -ei,a_ and reliability of their model
predictions So to assist the decision rja Oeess, the applicants should go beyond
& They should also describe their

process of selection and model, 2At a minimum the applicant should
describe the questions to b s, the conccptual model, and summary details
of the model apphcatio oices aBout how simple or complex to make a model in
order to address the g

Multimedia contann posare models have been useful to decision makers
because thesessol an appropriate quantitative framework to evaluate our

understandjges eractions between chemicals and the environment. The
greatest ¢hia 01t thodels is to provide useful information without creating
overwhelmi put data and producing outputs that cannot be evaluated. The

multimedia mdgler must struggle to avoid making a model that has more detaii than can be
accommodated By isti 3§1v::ory and data while also including sufficient fidelity to the real
system to make “gelible classifications about the source-to-dose relatlonshlps of
environmental chemicals. In Section D below, we outline strategies for using multimedia
assessments in a life-cycle based comparative risk assessment.

3/14/06 Page 24 of 67 DRAFT



ARB/UC Davis
Agreement Number 06-410
Exhibit A, Attachment 1

DRAFT - Do not cite or copy without permission of the authors Page 25 of 67

B. Risk Assessment Elements for Human Health Effects, Ecotoxicology,
and Environmental Fate and Transport

Human Health Effects

Human health risk assessment usually requires data on acute effects, sub-chronic effects,
and chronic effects via all conceivable routes of exposure. Multimedia evaluation of risk in
this context should consider all conceivable risks of exposure to additive components, to their
possible degradation products, and to their putative metabolites via air, water, soil, and from
direct contact with the fuel. While fuel combustion invokes immediate concerns about
inhalation of possible toxic substances, we must also consider unconventional routes of
exposure due to multimedia pa.rtmonmg of fuel or additive Qomponents These additional
routes include oral ingestion in contaminated water or fo d; and dermal absorption after
contact exposure. Risk assessment of fuel additives should also include consideration of risk
from any impurities likely to be present in the additive components at a concentration high
enough to involve significant potential for human exposure in’ any possable exposure
scenario.

There is an enormous variation in tcsting.__‘ctually“i'équired of new chemicals in the
U.S.A. mainly depending on which law or statute7they are regulated under (the Federal
Insecticide Fungicide and Rodenticide: Act [FIFRA], US EPA Toxic Substances Control:Act
[TOSCA], or neither). Such “testing” may range from “toxxcology by analogy”, that is, non-
testing based upon structure-activity arguments, to“lifetime” testing for carcinogens in both
sexes of at least two mammalian. species.--Many international agencies have also developed
minimal testing protocols- for néw chemicals or new formulations that involve substantial
possible exposures, and :we have been gundcd in our recommendations by these suggested
testing protocols. We:will 1nd1cate some typical required test protocols, then try to make
recommendations as to Which:fests- are: ‘esséntial and which may be discretionary with the
relevant agencies on the basis of their judgment.

Organizﬁigf; for | nomlc Co-operation and Development (OECD) (a consortium of
European “ agencies, thé: - Europeah Economic Community [EC], the World Health
Organization [WHO] and the United Nations) guidelines for chemlcal testing (OECD, 2004)
include: :

1. Acute ora]ioxncny
2. Acute dermaldxicity
3. Acute inhalation toxicity
4. Acute dermal irritation
5. Acute eye irritation
6
7
g

Y

Skin sensitization
Repeated dose 28-day oral toxicity study in rodents
. Repeated dose 21/28-day dermal toxicity study
9. Rodent oral toxicity: 90-day study
10. Non-rodent oral toxicity: 90-day study
11. Dermal toxicity study: 90-day study
12. Repeated dose inhalation toxicity: 28-day (or 14-day) study
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13. Inhalation toxicity: 90-day study

14. Teratogenicity study

15. One-generation reproductive toxicity study

16. Two-generation reproductive toxicity study

17. Toxicokinetics

18. Reproduction/developmental toxicity screening test
19. Neurotoxicity study in rodents

20. Carcinogenicity studies

21. Chronic toxicity studies (“lifetime”)
22. Ames test

23. Multiple genetic toxicology tests
24. Spermatotoxicity tests

25. Percutaneous absorption studies

26. Acute dermal irritation study in human volus

It seems reasonable to consider the majorg :: of exposure to a&?itwe components or
their combustion/degradation products as eithel ?a omq,_fjgw dose exposure in air or water, or
acute high dose contact exposure during a catastreph,fre]ease The former scenario would

suggest that minimal appropriate testtgg of each component in an additive package mclude

A_—:.

study: 90—day study, In.halatlon tox1c1ty=,é0 day: 3 OnB-generatlon reproductive toxicity

ddy Jifp %Ames test, and multiple genetic
ormed on either the individual components of
#c package (provided that the composition will
Besting should also be performed on the engine
it sgontaining the additive. Combustion emission
analysis shoul b ngdrtor propose new fuel mixture with and without the additive
package S0, e 9375 are obtained for each proposed addltlve formulatlon The
ratlonale

toxicology tests. Such testif
the additive package orgflic

The catas 3R ,, ¢ cenario (see Section VI.A. above) would require that minimal
appropriate testinggef eagh*tomponent in an additive package include tests # 1-6: acute oral
toxicity, acute dermglfoxicity, acute inhalation toxicity, acute dermal irritation, acute eye

irritation, and skin senSitization.

It is critically important that each of these recommended tests be designed in such a
manner that each test has adequate statistical power to ensure that apparently negative results
are valid. Any test results submitted to the State of California regulatory agencies, or any
proposed testing protocols, should contain a power calculation for each test. The calculation
should demonstrate that the (proposed) number of replicates performed at each concentration
tevel and that the (predicted) variability of the results allow a scientifically valid conclusion
to be drawn about whether or not the substance is toxic at a given concentration. This may
require testing animal numbers at each concentration that are in excess of the standard EPA
guidelines for some of the recommended tests.
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All required testing must be done, in addition, on major long-lived degradation products
of the additive components, and on any major impurities in the additive components. Some,
or all, of this testing may already have been performed to satisfy requirements of other
agencies outside of California, but additional tests may be required to be run prior to
allowing these compounds to be used as fuel additives within California.

These recommendations go beyond the standard EPA Tier II testing (see Appendix C),
especially with regard to oral and dermal toxicity testing and in vivo neurotoxicity testing,
but this is completely appropriate when considering the implications of multimedia exposure
rather than exposure solely by inhalation.

Quantitative structure activity relationships (QSARs) have been suggested as a possible
substitute for real toxicity data when requisite tests have not-been performed. This is not
appropriate for proposed diesel fuel additives because theré i$ no scientific validity to this
approach of "toxicology by analogy”, and there is a-lot of dafa.in the literature suggesting
that QSARs do not necessarily make accurate predlctlons of complex biological outcomes
like toxicity.

It might seem reasonable to discount any possible incremental caromogemmty or other
toxicity of addmve components 1o new fuel fo}:rnulatlon w(addltlves which, aﬁcr all will dllute

combustion zone may Ve rise to_ new or.:additional products of incomplete combustion
(PICs), which are llkely to be ¢ g;mogens and which may be released to the multimedia
environment. Thus, we r_gqu; lde—by-Stde {festing of combustion emissions from the new
itho) ] Chemical characterization of the combustion products will
demonstrate any alteration of i em13510n profiles. Quantitative characterization of specific fuel
combustlon “products with and without additive will suggest additional compounds that
require tox1c1ty or gcnotoxnclty/carcmogemclty testing on a case-by-case basis for various
. additive formulations.

Additional Tests

Taste, odor and ¢olor of water play a critical role in its acceptability for many purposes,
including human consumption, even if the water is not known to contain constituents at
levels thought to produce adverse health effects. This fact is reflected in the preparation of
Secondary Maximum Contaminant Limits (Secondary MCL’s) for a number of constituents.
At the national level U.S. EPA promuigates National Secondary Drinking Water Regulations
(NSDWRs or secondary standards), which are non-enforceable guidelines regulating
contaminants that may cause cosmetic effects (such as skin or tooth discoloration) or
aesthetic effects (such as taste, odor, or color) when they are present in drinking water.
Methyl tertiary-Buty! Ether (MtBE) represents a prime example of a contaminant whose
removal is driven by such aesthetic considerations since its secondary MCL (based on its
undesirable odor) is 5 pg/L while its primary MCL (based on its carcinogenic potential) is 13
ng/L. The goal of related tests is to identify the possibility that a reformulated fuel would be

3/14/06 Page 27 of 67 DRAFT



ARB/UC Davis

Agreement Number 06-410
Exhibit A, Attachment 1 |
Page 28 of 67 '

DRAFT - Do not cite or copy without permission of the authors

more likely than current fuel formulations to threaten the aesthetic quality of water supplies.
One way to accomplish this determination would be to mix the reformulated fuel with water
until an equilibrium distribution of constituents between the water-fuel mixture is obtained
and to withdraw a sample of the water phase. This sample could then be filtered and tested
for color and odor using methods 2120B and 2150B, respectively of the Standard Methods
for the Examination of Water and Wastewater (American Water Works Association, 2005).
Guidelines for these parameters in treated drinking water are <15 units of color (as judged by
method 2120B) and < 3 threshold units of odor (as judged by method 2150B). Since
dissolved concentrations of constituents imparting odor and color to a water sample should
not exceed their equilibrium value in contact with pure phase fuel, and because subsequent
treatment should lower these concentrations in many cases, these tests should serve only to
alert prospective fuel producers to potential problems with respgst to these parameters.

Ecotoxicity

Basic concepts and background material for - testing is provided in
Appendix D. The testlng protocol and lmportant ele arized here.

exposed. The aquatic environments azg

freshwatcr benthlc marine pelagic, a Although these could be further

-i_'f"-‘""_ l"W?@"l‘lmg majorlty of freshwater and
egue tly, he testmg is focused on cold

gt xosure scenarios. Tests are further selected
Elements of practicality

reflected in the; eographical and ecologlcal representativeness, the relevance of the
exposure route and§estgonditions, the extrapolation of endpoints from experimental data, the
compatibility with stai¢ regulations, and the relative sensitivity exhibited in the data. Detalls
on these individual aspects are given in the Appendix D.

Toxicity tests should be performed by first completing a dose-range finding study. The
results of these studies should be made available to the regulatory agencies. At the least, the
tests should follow the US EPA Office of Pollution Prevention and Toxic Substances
(OPPTS) guidelines (US EPA, 1996, Appendix E) that require chemicals be tested up to a
maximum dissolved concentration of 1000 ppm in an attempt to establish a LC50 or an
EC50. Once the range finding studies have been completed, the LC50 (for acute tests) or
EC50 (subchronic and chronic tests) should be estimated using a sufficient number of
treatment concentrations, not including the negative control. Utilizing fewer treatment
concentrations may not allow an accurate estimation of the LC50 or the No Observed Effects
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Concentration (NOEC). Quantitative Structure Activity Relationships should not be used to
estimate toxicity.

Adaditive components

It is possible that un-combusted additive components from new formulations may be
present in the exhaust. Data are needed to determine whether un-combusted additive
components from new formulation packages exist in the emissions. Multimedia modeling
predicts that soi] and sediments may be important reservoirs for varicus constituents of
additive packages after airborne releases. Given that other unreguiated combustion products
from fuels could also end up in surface soils (e.g., polycyclic combustion products), how
would the predicted buildup of un-combusted additives in soil compare with levels of PAH
under various emissions scenarios? Clearly, to address this question, measurements would
be needed of spcciﬁc additives and/or surrogate compounds during an emissions testing
protocol. Once emission rate data are available, then therequisite comparisons can be made
between the new and baseline fuels. Note: We should“ probabli}? ecify a program of re-

similarly to chemically dispersed oil if ‘reieased to an aquatlc envlronment In its evaluahon
of oil spill dispersants, the National Academ Scnences (NAS 1989) noted that, for thOSe
dlspersants studied to datc !aboratory data d

there do not appear to be addltwc or sync c effects on aquatic organisms upon exposure
to the fuel-dispersant mlxture Exu‘apo]atmg this concluswn to a spill of modified dlesel fuel
may be appropriate, a
this time. However, th \ 0 Salso pointed out that chemically-dispersed oil
slicks can affectydifferent: ‘gamsms than oil (fuel) alone. Surfactants and dispersants
released in coryunctlo" Lwith fugl. hydrocarbons to aquatic environments have the potential to
alter the distribution of" :ipJHcd fuel, and thus alter the group of organisms that may be
adversely affected. Fuel-surfactant mixtures can be expected to partition deeper into the
water columin than fuel released alone, causing relatively greater exposure to organisms in
subsurface waters. This suggests that the actual impacts on aquatic species from a spill may
well depend on the timisig of the spill relative to the reproductive cycle of aquatic species, as
eggs and larvae inhabit different regions of the water column at different times of their life
cycle. Additionally, the NAS (1989) noted that if a surfactant-fuel spill occurs in shallow
waters with poor water circulation, sediment-dwelling organisms may be affected sooner
than from a spill of non-dispersed oil.

Ecological pathways to human toxicity

As in the consideration of toxicity to humans, it is important to consider the major risks
of exposure to additive components or their combustion/degradation products as either
chronic, low dose exposure in air or water, or acute high dose exposure during a catastrophic
release. Testing should be performed on the individual components of the additive package
and the complete additive package. Testing should also be performed on the engine
emissions after combustion of diesel fuel containing the additive. Combustion emission
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analysis should be performed for the new fuel mixture with and without the additive package
so comparative data are obtained for each proposed additive formulation. All required
testing must be done, in addition, on major long-lived degradation products of the additive
components, and on any major impurities in the additive components. We recognize that
some, or all, of this testing may already have been performed to satisfy requirements of other
agencies outside of California, but additional tests may be needed prior to allowing these
compounds to be used as fuel additives within California. Finally, estimates of toxicity based
on quantitative structure activity relationships should not be substituted for toxicity testing.

Additional toxicity tests beyond the standard acute or chronic toxicity testing used in
ecological risk analyses should include consider bioaccumulation in ecosystems.
Bioaccumulation is the increase in the concentration of a pepilitant in the first organism
exposed in the environment. Biomagnification is the ip e in concentration of the
pollutant in organisms in higher trophic levels. Bioacc ation does not always result in
biomagnification. The potential for biomagnification '
pollutant, its half-life in the environment, and its
octanol-water partitioning coefficient). Compo 1l

ublllty in easured by Ko,w, the

unds may have low acute toxicity to
: endocrlne dlsmptlng cffects can be
important. Understanding the hition
chemicals is critical to a complete evalls reir -'-' ntial environmental effects, and
also the potential for these ] {

d%lbutlon materials
-1ts partial predlctablhty, that is release through

distribution ma n’ s oF
assocmted»;Piumbmg, asmc]l as- ataxel systems intended as part of the new fuel distribution,
suchr as mmq; or holdmg s. Attention should be paid to characterizing the risk of failure
of any such & 5, t or propoSed materials under exposure to the new product. To some degree
incomg i be indicated simply by knmowledge of relative chemical
differences betwedi erence and new fuels. More sophisticated experimentally-based
investigation may bé%iidicated as part of Tier Il experimental design. ASTM is reportedly
developing standards for certain and specific such testing; in the absence of such standards
experimental design is customized and targeted to knowledge gaps identified in Tier 1.

Environmental fate and transport.

Assessment of environmental fate and transport begins with establishment of conceptual
models for releases of the modified fuel or mixture components into both surface and
subsurface waters. This is distinct from atmospheric phase releases that are to be covered
separately. Additionally, consideration should be given to fuel transport as a non-aqueous
phase liquid and as a vapor phase. In the subsurface, this should include consideration of the
processes that occur under saturated and unsaturated groundwater conditions and should
consider the interaction of the fuel with the soil matrix. In the following subsections, the

3/14/06 Page 30 of 67 DRAFT



ARB/UC Davis
Agreement Number 06-410

Exhibit A, Attachment 1

. . - Page 31 of 67
DRAFT - Do not cite or copy without permission of the authors

conceptual models of the processes that govern the fate and transport of released
fuels/components are described, in the order of fuel-phase and solute transport, multiphase
partitioning and sorption, and biodegradation. The last subsection lists several important
“frequently asked” technical questions that commonly require attention in multimedia
assessment.

Fuel phase and agueous phase fate and transport.

A high-priority concern of accidental releases of fuels/components to the ground surface
is contamination of the saturated water that conveys vulnerability to water supplies most
quickly. However the magnitude and the timing of the insult to the saturated zone depends in
large part on the rates at which the pure source non-aqueous phase liquid (NAPL) enters and
migrates in the subsurface, and the rates of partitioning, to the ¥apor phase by volatilization
and to the aqueous phase by dissolution. Partitioning proces e"s are discussed below; in this
subsection we focus on the processes of both fuel phase fafe and’ transport and aqueous phase
fate and transport with the latter subdivided mto unsaturated zone and saturated zone
processes. it

Fuel phase (or pure component phase) flow:and transport in the subsurfacc refers to the
occurrence, transport and distribution of non-aqueous pha 5¢ liquids (NAPLSs) associated with
a fuel or fuel component within soils and other natural porous media subsequent toa releasc

Sy

physics of flow of immiscible fluids { Jear, 1972 Chapter 9). The physics aré more
complicated for two-fluid (NAPL and water, FTAPL and air, water [aqueous solution] and air)
mixtures and even more complex for three-ﬂuld mixfures. However, useful information can
be cobtained through examination of basic pr0pert1es of the fluids involved within a reference
porous medium, espcc:ally in the context: -of relative assessment. Also, simple column
infiltration experiments.can be useful for assessment of relative rates of entry and motion of

NAPL into partly saturatcd and fully saturated porous media.

For a given porous medlum (soil or aqu:fcr material) the fluid properties governing
NAPL fate a.nd transport are: NAPL density, viscosity, and interfacial tension with water and
with the-solid phase. NAPL with' “density greater than that of water is called dense NAPL
(DNAPL) aid that with densrty less than that of water is called light NAPL (LNAPL). From
experience with:. primarily- gasoline and oil spills on ground surfaces and subsequent
monitoring it is well knowrx that DNAPLs percolate vertically downward through the
unsaturated zone to'the water table (top of saturated zone in unconfined aquifers), continuing
downward through the saturated zone. Vertical migration ceases when the DNAPL plume
reaches a porous medium with pores small enough that the pressures endured by the DNAPL
are below the “bubbling pressure” or entry pressure for the DNAPL to penetrate the material.
LNAPLs on the other hand, including most fuels, cease vertical migration at the water table
where they form a lens. Either case can present serious long-term groundwater
contamination scenarios.

The overall mobility of the fluid includes density and viscosity as factors and so
comparison of these basic properties can tell relative motility of the overall fluid during entry
and infiltration. Long-term effects of the spill event are also highly dependent on the
interfacial tensions among the fluids and solid phase present, because these values determine
the occurrence of residual phase in the unsaturated and saturated zones, in the forms of
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distributed blobs or globules of source NAPL occurring effectively as bubbles within
otherwise air/water or water saturated material. The interfacial tensions combine through a
relation known as Young’s equation to determine the microscopic contact angles between the
fluid-fluid interfaces and the fluid-solid interface. For instance considering the two-fluid
systemn of water and NAPL in a porous medium, a small contact angle (a sharp angle between
the aqueous-NAPL interface and the aqueous-solid interface) corresponds to a relatively
strong adhesion tension in the aqueous phase, so that it becomes the dominant wetting phase.
In the opposite case, the NAPL would be the wetting phase. This latter case is typical of
many fuels, oils and industrial NAPLs. Thus the interfacial tension dictates the wetting
phase, that is, the fluid that predominantly wets surfaces at given saturation levels. This
wettability controls the volume and surface area of residualeNAPL in a given porous
€., contamination of ambient

case. e :
Furthermore, wettability considerations explaj isgiobserved in transient
conditions where infiltration of a NAPL is follg by water-floodi (as in remediation

attempts). Specifically, interfacial tension E?wettabt ility may differewhen a fluid-fluid
interface is advancing or receding in a porous’ medlunm:ﬂ'hxs phenomenon can give rise to
enhanced entrapment of NAPL “bubbles” in largézpores surrounded by smaller pores, for
instance, and has been indicated as aggajor factor ih%fhg difficulty in remediation of NAPL
contaminated subsurface. For mstanc%% ‘ n,,of sur ae%}s to the aqueous phase has been
found to increase the NAPL contact & Ay ling in vertlcal mobilization of DNAPL

v1scosnt|es and how th 1 Ih.betw &z proposed and reference fuels is critical to
: i1 in the subsurface.

In addition to com‘&%%so d
ﬂow in_porous medla, SIS nn experiments can illuminate refative rates of
as differences in residual phase (bubbles or lenses). While

q olumn studies is beyond the current scope, some basic

the eleme f deSIgn'

concepts Je;-‘ mon to all su@r

volume” of the porous medium. A simple rule is that the diameter of the column should be at
least 100 times larger than the largest scale of structure of porous medium. For instance if a
coarse sand is utilized (grain size ~0.5 mm) then the column should be 2-3 inches in
diameter. Columns should be packed under water while shaking in order to generate as
homogeneous a material packing as possible and to eliminate air pockets (unsaturated
columns can be drained subsequent to packing). Alternatively columns can be packed in air
and then flooded with soluble gases prior to saturation in order to control bubble formation.
Conventional quality control measures apply, such as use of replicates, and controls, in all
experiments.

Finally it should be recognized that the natural subsurface is not homogenecus and
infiltration of NAPL resulting from spills on any scale are likely to be significantly affected
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by preferential flow, that is flow along structures in the porous medium more amenable to
infiltration and flow. While assessment or prediction of the nature of the porous media
involved in any particular spill is obviously intractable, any information the applicant can
bring to address relative mobility along highly permeable conduits such as gravel zones,
fractures, or open conduits associated with soil biota, would be useful.

Dissolved phase transport in subsurface: Unsaturated.  Unsaturated flow governs
infiltration of water (as a solution) under gravity drainage (downward), under differences in
buoyant densities (density differences with ambient water), and under capillary forces that
spread water toward less saturated media. These three processes, gravity drainage, density-
induced flow, and capillary redistribution, have rates (under a given hydraulic gradient) that
will depend on measurable properties of the aqueous solution, in much the same way that the
fuel-phase fluid properties dictate NAPL fate and transport inithe multiphase case described
above. Thus the unsaturated flow problem can be viewe wo-fluid simplification of the
three-fluid problem above, with the aqueous solution: whos properties depend on the
concentration of solutes) being the fluid of concern asit is considered -the primary vehicle for
contaminants to reach the saturated zone and thereb ¥ become availablé’to water supply wells.
Although the air (or vapor) phase is usually corisidered the. secondary véhicle its role can be
significant, especially if the vapor phase deve]ops a high concentration of fuel component
such that density effects incur transport. The relative significance of vapor transport is
dctermmed in part by the rclatlvc magmtudcs of the volatlllty and Henry’s Law partitioning

In addmon to the aqueous phase ﬂ d p

o] ¢ porous medium properties also
contribute to the infiltration”process, b fFa comparative risk assessment the primary

concern is the relative effcct on the' water ‘sqlutlon properties of viscosity, interfacial tension
(herc between watcr/fucl ‘Tomponent solutioniand air), and density. Chemical solutes present

e,

in the aqueous phase canchange ¢ach: of thesé*basic properties with significant outcome for

water flow and transport. Comparatlve Tigk assessment to some degree can be addressed by
computing relative-differences in fluid mobilities and capillary pressures within the context
of ideal conceptual models for mf ltration such as steady-state vertical flow under a unit
hydraulic gradient.

Another consideration in unsaturated flow is the effect of capillary forces on residual
water content after _passage. 5f a moisture plume, and on such transient conditions in general.
As described above: B the NAPL infiltration process, interfacial tensions among air, water
(as solution), and the porous medium solid phases determine the contact angle between the
aqueous solution — air interface and the aqueous solution-solid surface; while in the
unsaturated aqueous-air case, the water phase is wetting, the degree of wettability may
change with solute concentrations such as fuel components.

As in the NAPL infiltration case, column experiments may also prove useful in
assessment of relative effects on water infiltration, residual content, and vapor phase
concentrations. Experimental study of water redistribution under capillary forces requires
multidimensional observations that may be considered to augment evaluation based on fluid
properties.

Dissolved phase transport in subsurface: Saturated.  Evaluation of aqueous phase
transport in the saturated subsurface seeks to address relative rates of motion with a moving
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water phase. Motion in the saturated zone is generally much more rapid than that in the
unsaturated zone, and so risk assessment questions targeting the saturated zone more often
have to do with rates of transport to water supply sources that are as much impacted by
partitioning and sorption (next section) as by fluid transport. Also remediation strategies and
their relative expected performance can be partly addressed by considering saturated zone
transport processes. For instance the conventional “pump and treat” technology involves
removal of the contaminant by recycling (with treatment) of the saturated aqueous phase.
Under a particular hydrogeologic regime, controlled by the hydraulic gradient, the porosity,
and the permeability, the ambient velocities are thus properties of the environment, and the
dissolved fuel component properties that matter to eventual fate and transport are
contribution to solution density, and diffusion coefficient. Thesegontribute to density-driven
transport and mass transfer by diffusion, respectively. As in die"NAPL case, density-driven
transport imparts an additional vertical velocity to the solute«‘_, e when the solution density
is greater (downward velocity) or lower (upward velocity] bt Si'fgjg;g ambient fluid. Diffusion
provides for entrapment of solute i in Iow—permeablhtyfmatcnals pr&sent either in well-mixed
d :

strategies.
Parntzoning: and So_rgtion

humans of other receptors at levels
i3 2l impact of the reformulated mixture
Sx(humans or aquatic organisms, for example) to
ath, the reference and reformulated fuels. This

i ¥ constituents "released to the environment will be distributed
among & , tal compariments inciuding free-phase product (i.e.,

exposure to¥iza 5
concentrationss -.c,gmronmcntal companments that drive the exposures but may be
beneficial if it Mereases concentrations in compartments which are responsible for
producing little or no exposure in the reference fuel case.

* Displacement of previous contamination. Hazardous constituents may have accumulated
in particular environmental compartments over time (e.g., sediments or soils) because of
historical releases of the reference fuel from, for example, an underground fuel storage
tank. If constituents in the reformulated fuel can displace the accumulated constituents, a
temporary but significant exposure to the hazardous constituents may be created by
release of the reformulated fuel.

* * Reduced biodegradation. Biodegradation of hazardous fuel constituents may be reduced
by addition of a new fuel constituent for several reasons including (i) toxicity of the new
constituent toward organisms responsible for biodegradation of the hazardous
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compound(s), (ii} preferential use of the new constituent as a carbon or energy source by
degrading populations, suppressing or eliminating degradation of the hazardous
constituents, (iii) alteration of the local environment (e.g., redox status) in such a way to
block degradation of the hazardous constituent.

Biodegradation.

Basic concepts and background material regarding biodegradation is provided in
Appendix F. In this section we provide a brief summary of assessment and measurement
methods.

Biodegradation is an important fate process for potential removal of chemical components
of revised fuel formulations that enter aquatic, soil or groundwater environments and,
consequently, has the potential to substantiaily reduce exposure of humans and other
receptors. The potential for biodegradation is a function 8f'the chemical’s structure, the
environment into which it is released, and the types of-microbial populations present. In
addition, release of these components may increase human exposute to reference fuels that
would otherwise undergo natural attenuation. The presence of new fuel components may
have indirect impacts (e.g., inhibitory or stlmulatory effects) on existinig:contaminants from
fuel because the new compounds may compete: for electron acceptors (oxygen, nitrate) or
because of metabolic interactions (inhibition, toxmty) (sée below).

Assessment of biodegradation potenttal- overview: - The requirements for blodcgradatlon
testing of new chemicals vary widely among agenmes botliin the US and internationally.
Many international agencies have published testing protocols for new chemicals and the most

extensive set are those published by the OECD (a consortium of European agencies, the
European Economic Community, WHO, and'the United Nations). Other approaches include
those of the EC and the US EPA.

We summarize test prolocols focusmg prlmanly on those recommended by the OECD,
and then make recoromendatlons based on this framework. Most of the information included
here is derlved fror publlcattons of the OECD (OECD, 1995) and the ECB (date?).

The approach for bnodcgradatlon testing adopted by the OECD is based on three levels of
testing that are. categonzed as follows:

1. Ready biodegradablht.y or screening;

2. Inherent blodcgradablhty, and

3. Simulation of trivironmental compartments (e.g. aquatic, soil, sediment).

The potential for formation of potentially persistent intermediate compounds from the
metabolism of the target compound must be considered as well, and this occurs at the second
level if there is evidence of partial mineralization (defined as conversion of an organic
chemical into its mineral constituents, e.g. carbon dioxide).

The ready biodegradability tests include the dissolved organic carbon (DOC) die-away,
carbon dioxide evolution, modified MITI, closed bottle, modified OECD screening, and
manometric respirometry tests. The inherent biodegradability tests include the modified
semi-continuous activated sludge and modified Zahn-Wellens/EMPA tests. The simulation
tests defined by OECD include the aerobic sewage treatment tests but must be expanded, for
the purposes of our objectives, to include tests for aerobic and anaerobic soils, anaerobic
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sediments, lake and estuarine waters. All OECD tests are described in detail in OECD
{1995) and the relevant material can be found in Appendix F.

These tests vary in their ease of implementation, cost and how representative they are of
environmental conditions. Ready biodegradability tests include screening assays using
standardized and simplified conditions and microbial inoculants, such as the Biological
Oxidation Demand (BOD) test.

Simulation of environmental compartment tests are more “realistic” assays in which
removal of chemicals is measured in microcosms (controlled experimental systems)
simulating potential environments into which these chemicals may be released (e.g., aerobic
microcosms containing soil). In the latter cases, it may pot be possible to isolate
biodegradation potential independently but instead one mayghe looking at the effects of

Some of the requu'ements for an acccptablc'test de gstratmg that a chemical “passes”,

g (OECD, 1995):
. A positive control (using referencehemical knowite biodegrade) should indicate

- No more than 20% i ‘
*  Atleast 10% remong the tes chemtca

There is more emphgsi “Sthan anaerobic environmental conditions in the
approaches congides d this is problematic for the assessment of new fuels. A

e

common pao hto the environmental is leakage of these chemicals from a
service § glow in oxygen (often due to previous consumption of the
oxygen dumgg bi in of the petroleum contaminants). Careful consideration of the

representative of the environmental conditions where use or release of the chemical will
occur. Specific guidelines describing the collection, handling and storage of soil samples,
based on the ISO Guidance documents, are provided by OECD (OECD, 1995)

Different types of information obtained from biodegradation tests useful for multimedia
assessment include measurements of the potential for biodegradation, how much
biodegradation of the chemical occurred in a specified time period, biodegradation rate (half-
life), and identification of daughter products. Biodegradation rates, in particular, are useful
input parameters to multi-compartment models of contaminant fate and transport.

Major differences between the OECD and the EC approaches include that the mass of
chemical produced can also trigger the progression of the chemical into a higher tier of
testing, and scientific judgments regarding the biodegradability of a chemical can be used to
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move a chemical into a higher tier of testing. The issue of permitting scientific judgment on a
case by case basis is an important one to include in our guidelines for multimedia assessment,
particularly to determine the need for more stringent biodegradation testing (e.g., at a higher
tier) of a chemical when deemed appropriate. Finally the EC scheme puts more emphasis on
soil and sediment biodegradation tests than does the OECD and this is an important emphasis
for our purposes as well because of the high potential for release of new fuel components into
soils and aquatic ecosystems.

C. Tier II Life Cycle Comparative Risk

For Tier-1, we recommended the use of a Life-Cycle Assessment (LCA) Process that includes
basic information on the likely level of hazard, but at Tier ILithis process is expanded to
include more information on exposure, toxicity, and risk. Inf rination at Tier | includes a list
toxic chemicals released at each stage of the fuel life-cycle, any measures of toxicity
available for these chemicals (LDS50, cancer potency, €ic.), estimates of the approximate
magnitude of release, and identification of the environmental medium likely to receive the
release (air, surface water, soil, ground water, etc.). In contrast to this screening approach, at
Tier-II the goal is to systematically include information about the potential effects of harmful
emissions and resource demand so that the-: applicant and the MMWG can make a
comparative risk assessment for the fuel or fuel additive refative to agreed upon comparison
fuel. The LCA approach can be extended-to a comparatwe risk assessment to make these risk
calculations. In particular, the hfc-cycleAunpact assessment:(LCIA) within in LCA provides a
systematic process by which emissions ‘are cvalu ’:é}iand inferpreted with regard to potential
life-cycle health and environmental 1mpacts. Tiiis LCIA is an important input to the Tier-11
analysis and is an important “pait - -of eval hg potential release scenarios and identifying
those that pose the greaiést hazard; A riskcalculation based on LCIA methods is outlined
below.

A variety of enwronmcnta1 imp icators and associated indicators have been
developed and’ Thore contlriue 0 be used as LCIA methodology evolves. LCA practitioners
and developcrs around: “the wbrld continue to explore and improve impact assessment
methodology. Further descnptlon “of life cycle impact assessment methodology, including
discussion” 6n-what is and?is not LCIA, can be found in a report of the Society of
Environmental: Toxxcology ‘and Chemistry (SETAC, 1997). The scope of an LCA typically
does not allow fotza full-scale site specific risk assessment. But in the European Union and
the US EPA there is widespread use of LCIA tools to make comparative risk assessments.

A toxic equivalency potential (TEP) is a heterogeneous LCIA metric that addresses
potential impacts from releases of several chemicals intoc a number of environmental
compartments (Hertwich et al., 1997, 1998, 2001). TEPs provide transparent representations
of actual processes based on primary attributes. These attributes are developed using
measured and/or estimated data in models that focus on factors judged to be crucial. The
human toxicity potential (HTP) is a quantitative TEP that was introduced by Hertwich et al.
{2001) to reflects the potential harm of a unit quantity of chemical released into the
environment by including both inherent toxicity and generic source-to-dose relationships.
The TEP uses the HTP framework as a starting point.

The SETAC Europe Working Group on Impact Assessments (Hauschild and Pennington,
2000) has proposed three factors to characterize human and ecological effects in LCIA.
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These are (1) an emission factor to account for mass loading, (2) a source-to-concentration
factor to account for transport and transformation and (3) a toxicity factor to account for
harmful effects. With this framework, an LCIA impact score S is presented as the product of
three factors:

S =M{E"E" » (1)

Where M is the total mass loading of the emissions, mol/d; F is a fate factor, mol/m3 per
mol/d; and E is an effect factor, damage per mol/m3. The index i represents the chemical, n
the environmental compartment to which the emission is released, and m the medium of
exposure of the ecosystem or human, air, soil, water, food etc ‘ téa rder to obtain the total

release, and medna of exposure:

5= S5
imp
Uncertainty and Sensitivity

Confronting the capabilities and :Tiniftatior LECIA calculations requires model
performance evaluations. This evaluatipn shoull &ithe degree of uncertainty in the
assessment and illustrate the relative valug odel complexity, providing a more

explicit representation of ies, Ot mblmg more data through field studies and
experimental analysis. JéfiCertaintygin ri sessment predictions arise from a number of
sources, including spEification 8 em; formulation of the conceptual model,
estimation of 1nput valie alculalignadnterpretation, and documentation of the results.

Of these, only i Hue to estimation of input values can be quantified in a
stralghtfo Gk on variance propagation techniques. Uncertainties that arise
from missz lﬁcatlon 0 uthe pno Jem and model formulation errors can be assessed using
tools sucﬁ"‘ deCISton treesg@r based on elicitation of expert opinions (Ragas et al., 1999).

Sensitivi n y analyses are powerful tools for assessing the performance and
reliability of rHede s applied to mathematical models, sensitivity analysis is
quantification of in model outputs as a result of changes in individual model

parameters. Uncertairity analysis is the determination of the variation or imprecision in the
output function based on the collective variation of the model inputs. A full discussion of
sensitivity and uncertainty analysis is provided in the text by Morgan and Henrion (1990} and
the volume edited by Saltelli et al (2000). The goal of a sensitivity analysis is to rank input
parameters, model algorithms or model assumptions on the basis of their contribution to
variance in the model output.

D. Frequently Asked Questions

Beyond the basic processes covered in the previous subsections, fate and transport
conceptual model questions that should be addressed include:
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* Will there be any changes in tailpipe emissions that could affect water quality (i.e.,
through washout)?

*  What are the effects on capillary and soil pore conditions and partitioning within the soil
environment?

» What are the effects on the fate and transport of surface and groundwater plumes — Once
it reaches water, will a modified fuel plume move faster or farther or be more persistent
than, for example, vltra-low sulfur diesel?

* Will there be any relative change in biodegradation rates? Biodegradation of hazardous
fuel constituents may be reduced by addition of a new fuel constituent for several reasons
including (i) toxicity of the new constituent toward organisms responsible for
biodegradation of the hazardous compound(s), (ii) preferent;é] use of the new constituent
as a carbon or energy source by degrading population§, suppressing or eliminating
degradation of the hazardous constituents, (iii) alteration of the local environment (e.g.,
redox status) in such a way to block degradation of the hazardous constituent.

*  What will be the ultimate fate of the product by= component as compared to existing fuel
specifications or for the new components i 1n the modxﬁed fuel that are not already in
existing fuels (mass balance)?

* Will daughter products be produced durmg natural environmental transformation
processes and what is the hazard associated with'these daughter products?

* What will be the impact if a rciease mmlngles with existing soil/groundwater
contaminated with petroleum hydrocarbons el additives such as MtBE or Tert—Butyl
Alcohol (TBA)? Specxﬁcal]y, will themodifi fieLmobilize petroleum contaminants in
soil or groundwater? . - =il

S

E. Outcomes from Tler II R R

The end products of Tier 1L are a RlSk Assessment Design report and a Tier II peer review
report with MMWG. approval -The Tier I peer review report will define the steps needed to
revise the stk Assessment De51gn that will be executed to prepare a Tier III Multimedia
Risk Assessment report. ..’
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VII. Tier III: Multimedia Risk Assessment Submittal, Review and
Recommendations

During Tier III the products of the Tier II efforts are used by the applicant to prepare a final
comparative Multimedia Risk Assessment. A final Multimedia Risk Assessment report is
prepared and submitted to the MM WG for evaluation and preparation of recommendations to
‘the Environmental Policy Council. Prior to submittal to the Environmental Policy Council,
the submitted Final Multimedia Risk Assessment report as well as the MMWG
recommendation will undergo independent external expert Tier III Peer Review.

Due to the level of specificity and uniqueness that will likely be encountered with each
e in this section will focus
primarily on the general information and format needed forg inal Report and Tier III Peer

process and may seek to proceed dlrectly to th
especially if the application process is viewed c

£

ith prior applications elsewhere.
f3S based on the mutual concurrence
Sonceptual models, and plans justified
5f, this strategy may be realized if the
K&ssanalysis have not been performed

c%%;d result in expenses during the

between the State and the applicant of the hypoth&sg
in Tiers I and II, that are unique. Thekefo

MMWG or the Tier III Peer Review Bxpert
or uncertainties have not been properl
multimedia process that were nproduc

A. Summary of T~1e1: I andai{' 'e -1 Re%ylts

Smce the Multlmcd?fﬁanai Repbﬁ Ewﬂi* be submitted to an independent extcrnal peer
: _‘ 1 el will.need sufficient information to understand the steps and
%}gﬁd during the movement through Tlcrs I and II. There

* Fuel Life Cyci p,_ and release scenario assumptions and conclusions

* Transport and fategonceptual model hypotheses and assumptions

* Exposure pathway and toxicological hypotheses and assumptions

* Key uncertainties that have been identified and the methods and approaches taken to
address these issues

* Methodology used during the comparative Multimedia Risk Assessment
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B. Findings and Conclusions of the Comparative Multimedia Risk
Assessment

In addition to presenting the results of the completed multimedia risk analysis, the
findings and conclusions of Final Multimedia Risk Assessment report should include
sections that explicitly discuss the following topics:

» Impacts to air resources

* Impacts to water resources

* Impacts to human health

* General environmental impacts

*  Waste management issues

* Cost-benefit-tradeoffs G
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metals and organic compounds on organisms in aquatic ecosystems.
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JEROLD A. LAST - Author
Professor in the Division of Pulmonary and Critical Care Medicine, Department of Internal
Medicine, School of Medicine, University of California, Davis.

Professor Last served as Director of the Toxic Substances Research and Teaching Program, a
University of Californa (UC) System-wide program, for almost 20 years, and is currently
Director of an National Institute of Health Fogarty International Center to promote research in
environmental toxicology and environmental epidemiology in South America, especially
Uruguay, Argentina, and Chile. Previously he was vice-chair of the Department of Internal
Medicine at UC Davis and Chair of the Graduate Group in Pharmacology and Toxicology. He
chalred an UC System-wnde pa.nel that adv1sed the state on poh%%s with regard to MTBE in

angictive research laboratory that
studies mechamsms of pathogenesis of asthma and health ef air pollutants on the iung,
and has authored/co-authored more than 200 publications m«teclhmcﬁigoumals

}%

KATE M. SCOW - Auther
Professor, Department of Land, Air and Water Res g

ts of antibiotics on microbial
= e;%oundatlon of Soil Science, an
water. Wlth academic degrees from

communities. Prof. Scow is also Directa
endowed UC program that fug%aegearch
Cornell University in Soi gmcn@ M.S. 5
understanding and manag] § mlcrxal

organic contaminants mi_- e subsurface, multimedia transfer of contaminants, transport and
transformation of pcstmdes and the impacts of stormwater on surface water quality. Prof.
Young worked in the Office of Underground Storage Tanks in the US Environmental Protection
Agency and has been involved in technical and policy issues related to prevention and cleanup of
underground fuel releases for more than 20 years. With academic degrees in Chemical
Engineering (B.S.), Public Policy (M.P.P.) and Environmental Engineering (Ph.D.), Prof. Young
is broadly interested in environmental decision making, especially in the quality and utility of the
underlying information. Prof. Young has authored/co-authored over 35 publications in technical
journals.
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Appendix A: List of websites for regulatory information

Cal EPA homepage: http://www.calepa.ca.gov/

Cal EPA regulations: http://www.calepa.ca.gov/LawsRegs/

ARB regulations: http://www.arb.ca.gov/html/lawsregs.htm

DTSC regulations: http://www.dtsc.ca.gov/LawsRegulationsPolicies/index.html
DTSC fact sheet for hazardous waste generators:
(http://www.dtsc.ca. pov/HazardousWaste/upload/HWM_FS _Generator Requirements.pdf).

OEHHA regulations: hitp://www.oehha.org/prop65/1

aw/index himb,
2o

WRCB regulations: http://www.swrcb.ca.gov/water_lawsfindex.html™
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Appendix B: Example Release Scenarios for the use of ethanol in gasoline (Rice, D.W., S.E. Powers, and
P. J.J. Alvarez. 1999. Potential Scenarios for Ethanol-Containing Gasoline Released into Surface and
Subsurface Waters. Vol 4, Chapter 1 in Health and Environmental Assessment of the Use of Ethanol as a
Fuel Oxygenate. Lawrence Livermore National Laboratory. UCRL-AR-135949).

Production:
Release Scenario: Site Characteristics Likelihood of Risk Aséé;”ment Issues Risk Management
AST Release Occurrence e Options
This scenario assumes a large | This scenario assumes bulk | Small likelihood:o¥ #Toxicity to ecologlcal Engineered containment to
volume (> 30,000 gallons) ethanol release into occurrence. Sincéi receptors in direct contact | control potential release,
bulk ethanol release to soils relatively pristine Callforma currently h with the release. Case e.g., double walled tanks
and ground water at an subsurface conditions. Fuel | few ethan roduction’ studies indicate that and piping. Spill
ethanol-manufacturing site. hydrocarbons are assumed factl:tne’s‘?;_ 'enano {|'ethanol is relatively rapidly | prevention and
The release is assumed to be to be historically absent. represents ‘a releasb that. degraded in the subsurface | containment contingency
from a high-volume | -could OCCUI"ODCEnblomQSS environment. (SPCC) Plans typically in
aboveground storage tank | ethanol prd ptlon place.
(AST) or associated piping. S facilities are‘c(\)rgstructed in
Céllfomxa in thé future.
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Distribution:
Release Scenario: Site Characteristics Likelihood of Risk Assessment Issues Risk Management
Bulk Ethanol Transport Occurrence " Options
by Rail or Highway

This scenaric assumes a
rupture of a rail tank car or
tanker truck and the release of
a large volume of bulk ethanol
{10,000 — 30,000 gallons) to
soils and ground waters or
surface waters.

This scenario assumes a
bulk ethanol release into
relatively pristine surface
and subsurface conditions
where fue! hydrocarbons
are assumed to be
historically absent.

Moderate likelihood of ilg];
&

occurrence. Since
California currently has1

few ethanol producu%fignff
facxlltles most ethall

4

w1thlmé‘" lease. Potential
to 1mpai’£1.‘
ecosystem‘% is, likely that

wﬁolatmzatwn 5?%011 as

city to ecological
“tgrs in direct contact

face aquatic

iodegradation will be
important mechanisms in

Tanker cars and truck
releases are typically
treated as an emergency
response action and
generally require no long
term monitoring.

the rapid natural
Y, attenuation of the bulk
é8thanol.
Bulk Ethanol Transport
by Marine Tanker W
This scenario assumes a This scenario assuf8¥'a Toxicity to ecological Require shipment in

rupture of a marine tanker ship
and the release of a large
volume of bulk ethanol (>
100,000 gallons) to marine
surface waters.

bulk ethanol releaséJ,i}to
the near shore coastal w’$

mmlmlze the handling of
rail cars.

receptors in direct contact
with the release. Potential
to impact surface aquatic
ecosystem. 1t is likely that
dispersion and dilution as
well as biodegradation will
be important mechanisms
in the rapid natural
attenuation of the bulk
ethanol.

marine tankers with double
wall construction.
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Distribution (Continued):

Bulk Ethanol Storage at a
Distribution Terminal

This scenario assumes a large
volume bulk ethanol release to
soils and ground water ata
distribution hub or terminal.
The release is assumed to be
from a high-volume
aboveground storage tank
(AST) or associated piping.
ASTs at a distribution hub may
contain >150,000 barrels of
ethanol.

Moderate likelihood of
occurrence.

Fuel hydrocarbons are
assumed to be historically
preseut and may be present
as free product trapped in
the subsurface. MTBE
may be present in the free
product.

)

The ethanol is assumed (o
mteract with soils

! conta.mmated with existing
fuel hydrocarbons Wwill
prekusly immobile
hydrocarbdhs now be
smobilized to the’ ground

"water? Will an existing
fuel hydrocarbon ground

water plume be expanded?

Engineered containment to
control release, e.g.,
double walled tanks and
piping. SPCC Plans
typically in place. Manage
the location of ethanol
ASTs to avoid known
areas of fuel hydrocarbon
releases. Remediate the
fuel hydrocarbon releases.

Release Scenario:
Blended Gasohol Release
During Transport

Site Characteristics .-~ '

Risk Assessment Issues

Risk Management
Options

This release scenario assumes
that ethanol is blended with
gasoline at a distribution
terminal or refinery and
transported by tanker truck to a
gas station. A large volume (~
5000 gallons) of blended
gasoline/ethanol (10% or 6%
gasohol) could be released
from tanker truck to soiis and
ground waters or surface
waters.

Releases occur into:
roadside environments.

Moderate llkelll:ood of
occurrene Lo

......

are hlstoncally absent

_ =z

Tanker cars and truck
releases are typically
treated as an emergency
response action and
generally require no long
term monitoring
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Distribution (Continued):

This scenario assumes that
gasohol is spilled during
underground storage tank
filling at a gas station. A low
volume (< 50 gallons) of
blended gasoline/ethanol (10%
or 6% gasohol) could be
released to soils and

Small masses of fuel
hydrocarbons are assumed
to be historically present in
the subsurface.

A likely and common
release scenario.

| groundwater.

This scenario assumes a small
puncture of the UST or
associated piping resulting in a
low volume release of blended
gaschol (~ <3 gallons per

day).

Releases may occur into
subsurface environments
with or without historic
fuel hydrocarbon
contamination.

The ettﬂlanol is assumed to |

mtef with soils

Gﬁ inated with existing
j];’ydrocarbons MTBE

Underground storage tank
over-fill buckets associated
with up-graded USTs
should minimize these
releases.

#| This scenario has the

potential to release a large
cumulative mass of

asohol because of the
large number of USTs in
operation and the potential
for small leaks to go
undetected.

Current requirement for
USTs to use double wall
containment reduce the
likelihood of this
scenario’s occurrence,
There remain some issues
with materials

compatibility with ethanol.

This scenario assumes a large
puncture of the UST or
associated piping resulting in a
high volume release of
blended gasohol (~> 10

Releases may occl’ﬁ‘_“k
subsurface envnronmgﬂw.

Typically, larger UST
leaks are rapidly detected
and corrective action is
initiated.

Curtrent requirement for
USTs to use double watl
containment reduce the
likelihood of this
scenario’s ocourrence.
There remain some issues

gallons per day).
with materials
compatibility with ethanol.
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Site Characteristics

Use:

Likelihood of
Occurrence

Risk Assessment Issues

Risk Management
Options

Release from watercraft
emissions into surface
waters.

Pristine freshwater lakes
and rivers.

A likely and common
release scenario

,The bxodegradatlon of
fethian 1 in surface waters
| is expécted to rapid.
Low mcfeascs in
_hutrient loadlng may

B -:' woccur.

Rainout of tai} pipe
emissions and combustion
products to surface soils and
waters.

Wide spread non-point
source deposition with
various amounts of
recharge to ground
waters and runoff to

surface waters. )

Henry’s Law

partitioning calculations

will be a good first
‘approximation of the
| magnitude of the ethanol

rainout. The
biodegradation of
ethanol in surface waters
is expected to rapid.

3/14/06

Page 53 of 67

DRAFT

| JusWwiydeny v nqiyxg
0190 Jequiny juswaaiby

L9 Jo g6 abeqd
SIABG ON/guY



DRAFT - Do not cite or copy without permission of the authors

Appendix C. EPA Guidelines for Human Health Testing

February 10 1998

US Subwmission to Meeting
of OECD Working Party an Existing Chemicals
February, 199%

HPV Chemical Human Health Testing:
Apimal Welfare Issues and Approaches

EPA is mounting a vety extensive program o obiain oxicological screening information on
chemicals of High Pmduction Volume (HPV}, that is. substances produeced in excess of | M Ibfyear.
Currer®t information indicates that there are about 2800 chemicals with that designation. Various
parties have noted that if each chemical tn the progtam were to be tested for each of the hivman heairh
effects tests, a Llerge number of animals would be employed. In recognition of these concerns, the
Agency has given thought 1o the issue and is developing a straiegy to reduce animal use while sili
generating needed high quality health information.

Many different parhs are being investigated 1o ensure the mininization of animaf usage and -

optimization of pracedores for those animais that go into test in the HPY testing program:
1. Decreasing chemicals going into test

& Industry will determine whether adequate information on chemicals
already exists for the various endpoints. We do not want to retest chemicals.

b. EPA fas released a data adequacy document which provides guidance
on making such determinations. EPA is also in the process of developing
puidance on pracedures fiw searching the literxure on other sources of
existing information.

c. Both the OECD's HPV Program and the HPV Challenge in the
U.S. encourage industry to develop categaries of chemicals which can be
assessed as a group. These caregories of related chemicals are expected 1o
share chemical and biotogical auribines. lastead of gainiag information an
alt members of a category, attempts will be made ro identify testing
strategies that will identify individus materials which are representative of
the cmegory. By testing the identified individaal materials. we shouid be
able to characierize the poteatial fate and effects of the whale category.

d. Structure-activity relationships (SAR) wifl help to identify poiential

wxicities and other effects of individeal chemnicals based on Quantitative

Structure Activity Relationships (QSARs) or “read-across” (i.e., analogue)
hes

approaches. .
2. Minimizing and optimizing animal nse in tests

ARBUC Dav's

Agreement Number 064
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The HPV 1westing program includes aoguisition of health effects data for chemicals on
acute toxicity . reproductive toxicity. developmental toxicity. 28-day repeated dose toxicity
and mutagenicity. Mutagenicity data requirementis can be fulfilled with bacterial gene
mutation. in viro mammalian cytogenetics (for pre-existing information) and in viva
micronucieus (for pre-existing or newly generated infarmation). Several opportunities are
available to evaluate the role of animals in testing and ensure that their use is being
appropnately addressed.

a. Replacement of animal testing. [n some cases we reed not obtuin
health hazard information in animats. Mutageniciry testing can be fulfitied by
bacterial systems (e.5.. Salmonella fene mutation) and. in some cases, by
cytogenetics in cultured mammalian cells.

b. Refinement of animal testing. EPA suppons the employment of
federal and voluntary measures to easure humane cane and upkeep of
Iaboratory animals. In addition. we plan 1o milize principles developed in an
upcoming docament on hamane cndpoints from OECD. This report will lay
aut signs of pain and stress in animals that should be wiilized in deciding when
10 terminate animals in est.

c. Reduction of animal testing. There are several oppormunities 1o
reduce the number of animals commitied to test. Table 1 illustrates potential
anima] savings for the cuse where some or ull health effects tests are
perforred on a chesmical.

m Acute toxicity. There are 4 acute oral oxicity tesis
approvad by OECD. Tn the use of the iraditions] test (OECD 44,
about 30 animals are cmployed 1o screen for toxicity following a
single exposure. Three alternative methods either refine or reduce
animal usage. Data from any of the acute methods may yield
appropriate information for HPV testing. Among the three alternative
methods, EPA has identified a preference for the up-und-down
nethod (OECD 425) for the following reasons: it greatly reduces the
number of animabs in comparison 1o QECD 411 {the up-and-down
method uses approximately 8 animals versus 30 in OECD 401y it
gives a poiot estimate of the LDXY: and it yiekls informaion that can
be used to estimare the 1oxicity of chemical mixmres in accordance
with the UN wranspon classificution sysiem.

(&) Repreductive and developmental toxicity. There
we separate (est guidelines for 1-genemtion reproductuon wxiciny
{OECD 415) und for premuat developmental toxicity (OECD 414
revision of this test is ongoing at QOECD). [If separaie reproduciion
and developmenta] faxicity tests wera conducted using current OECD
415 and 414 profocols. 320 animals would be used, To screen for
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reproductive and developmental oxicity and to reduce animal usage
in comparizon 1o the separate test guidelines, EPA recommends use
of a combined toxicity protocol (OECD 421) for the U.S . HPV testing
program.

(33 28-Dayrepeated dase taxicity. Instead of conducting
a stand-alone 18-day oral toxicity wst (QECD £07). the endpoimis
covered by that guideline can be combined with the
reproductiondevelopmentut loxicity screen into OECD 422 with no
increase in number of animalks over tha used in OECD 421.

(4) Mammatian micronnciens. The traditdonal in vivo
micoauciens st is perforimed using 2 sexes and a concurrent positive
and negative control. EPA is exploning the idea of osing at least the
males frone OECD 422 for all but the positive contral. Females may
need 1o be dosed separately,

{5)  Overall anbmal savings. By selecting specific tests,
there could be a significant savings in animals committed to test in the
HPV program. If the traditional acute, reproduction. developmental
and 28-day repested dose toXxicity studies and the in vive
micronuclens iest were sepatately employed. a total of 440 animals
might be used. By using alernative and combined test protocols. the
number of animals could be reduced 10 1 18, a savings of 322 arimals
(>70%) pex chemical. Actually. the savings would be greater because
most tests employ dose sighting studies.
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Table L Pofential redoctions in animal uspge in the US.HPV esting program

Human Heakth Toxicity Test (OECD # Sumple Dose Animal Savings
Size Sightiog Compared to
(approx.) | Srudy Traditiona) Test
(in beld)
ACYUTE TOXICITY
301 Acute aral toxicity X0 hasd
420 Fixed dusc 0 hac
<33 Ao toxic class 9 oo
425 Up-and-down 5 o 22
REPRODUCTION/DEVELOPMENTAL
TOXICITY
160 v

415 Onc-gcoemation repsuduction oxicity
414 Tentoscnicity 160 Vs
421 Reproduction/developmentzl loxicity screen 50 ¥e£ 330
28-DAY REPEATED DOSE TOXICITY

407 R d dose 2B-dav oral toxbiny 40 s

422 Combined ropested dase toxicity end

coraductive/develop | toxicily screcn %0 ¢ YR 40
MLTAGENICITY
474 Manupalian erythrocyte micronaclous i) ves

2 sexes

422 Combined devciopmental 1axicity screen with

micranocicus lest for males: females may necd 30 yes 0
scpansie dosiag. 2 sexes
TOTAL ANIMALS REQUIRED —‘

Withoul use of redection siratepies A0
With use of reduction siratepies 118

TOTAL SAVINGS OF ANIMALS WITH USE OF

REDUCTION STRATEGIES

kbl

{> 70% reduction)

¢ same animals as would be used in OECD 42)
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APPENDIX D. Background on Ecological Risk Assessment.

Ecological risk assessment uses a hazard quotient (expected exposure divided by toxicity
reference value) approach to characterize risk from exposure to xenobiotic substances. The
toxicity benchmark used in calculating the hazard quotient is a chronic No Observed Adverse
Effects Level toxicity endpoint. This endpoint is selected to reflect the assessment endpoint(s) in
the risk assessment and can involve everything from survival of individuals to reproductive
endpoints to biochemical function. Because of the wide range of receptor species that can be the
focus of an ecological risk assessment, toxicity data for the benchmark is obtained from a variety
of species, toxicity endpoints, and toxicity tests and is extrapolated to the species of interest.
Consequently, there is no standard suite of toxicity tests that are routjnely used in ecological risk
assessment. As a result, regulatory authorities have developed a seiies of toxicity tests that they
require during the process of evaluating ecological risk under a ety of scenarios.

1S the United States mainly

depending on which law or statute they are regulated ugder (Federa Hn CCthlde Fungicide and
Rodenticide Act (FIFRA), US EPA Toxic Substanc&ﬁﬂ’ol Act (TO S8A), or neither). Such
“testing” may range from “toxicology by analogyXthat is, n-testing B ased upon structure-
ﬁ at least two species. Many

ptable testing protocols for new

There is an enormous variation in testing required of new chi

activity arguments, to “lifetime” testing for carcinogens

==

mternatlonal agencies have also developed rnlmm

guided in our recommendations by the s =3
U.S. Environmental Protection Agency, an
Development (OECD; cf. Figure 1 bclow1

As spemﬁed in the U.S. EP
'g Aqua‘tﬁ Labor

s Test Guidelines (OPPTS 850.1000 Special
ry Studies, EPA 712-C-96-113, April 1996;
armomzed/SSO Ecologlcal Effects Test G

components mus;;‘be Bases on 'experlments conducted under the same conditions as those
occurring dungg 7 the tests mcludmg ‘Buknot limited to:

* Fresh %a.ltwater 3

. yang place
containers with the same test conditions (static/flow through)

Definitions of stability should follow the EPA guidelines. The concentrations of the chemicals
must be measured at the beginning and the end of the toxicity test to determine their stability. If
stability is a problem, tests should be conducted using static renewal techniques.

If solubility is a problem (<100 ppm), trials should be conducted using various solvents that are
most likely to be effective and are recognized as being nontoxic. Other means should be
employed to ensure that the appropriate methods are used during the laboratory tests to enhance
solubility.

All toxicity tests must be performed using a sufficient number of replicates to provide the
statistical power to detect statistically significant differences between the treatments and
controls. Specific guidelines for performing the exposures (e.g., EPA manuals) may allow for a
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range of replicates to be used. However, the lower end of the range may not allow for valid
statistical comparisons to be made, and the upper value of the range of replicates, or more,
should be used. It may be noted that even if there are statistically significant differences between
treatments and controls, the value of the endpoint for the treatment (e.g., survival) may be above
the accepted threshold indicating that there is no biologically significant difference between the
controls and treatments.

Figure 1 Evaluation strategy for aquatic toxicity testing methods

Fresh
Warm

Fresh
cold

BENTHIC TEST

Marine
warm

Marine
cold

TAXONOMIC
GROUP
% - Fresh
- warm
I Mesocosm/Community Test
| Chronic, short and long-term
i .Fresh Subchronic short and long-term
S . _ -
PELAGICTEST cold Acute, short and long-term
Marine Trophic Jevel
warm - Prim, Prod B
- Herbivore
- Camniveore .
- Degrader B
Marine | .
cold
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! OEDC Series on Testing and Assessment #11. Detailed review paper on aquatic testing
methods for pesticides and industrial chemicals. Part 1. Report ENV/MC/CHEM(98)19/Part 1,

February 1998.

Table 1. Proposed tests for the evaluation of fuel additives.

Test group Organism Test  Test Endpoint
length Type
Freshwater
Pelagic

Selenastrum capricornutum (green Cell growth
algae)
Lemma gibba (higher plant) Growth
Ceriodaphnia (water flea) Survival

Ceriodaphnia (water flea) Life cycle —

“efreproduction
Pimephales promelas (fathead A %\rival (96 hr)
minnow)
Pimephales promelas (fathead C Life cycle
minnow)
Freshwater
Benthic'

A Survival
SC  28,35,42 day
survival
A/SC Life cycle test
(survival, growth,

emergence)
Marine pelag;
A S A Spore germination
and growth
#elote S SC  Fertilization
(Purpl€sea urchin) (reproduction)
Stronglocentrotus purpuratus S SC  Larval
(Purple sea urchin) development
Holmesimysis (mysid shrimp) S A Survival
Holmesimysis (mysid shrimp) S C Survival and
growth
Atherinops affinis (Topsmelt) S A Survival and
growth (4 and 7
day)
Marine benthic'
Ampelisca abdita (amphipod) L A Survival’

3/14/06 Page 60 of 67 DRAFT



ARB/UC D
Agreement Number 06-:“?3
Exhibit A, Attachment 1

. . o Page 61 of 67
DRAFT — Do not cite or copy without permission of the authors

Fohausteria estuarius (amphipod) L A Survival
Mytilus galloprovincialis (mussel) L C Bioaccumulation
Terrestrial

Triticum aestivum (wheat) S A Emergence,
growth

Brassica alba (mustard) S A Emergence,
growth

Latuca sativa (lettuce) S A Emergence,
growth

FEisenia foetida (earthworm) L SC  Survival, growth

! Sp:ked sediment, solid phase test
Ampehsca is a tube burrowmg organism; sediments must be ﬁne-gramed and should be of
similar size to the environment in the exposure scenario

These tests are a subset of and consistent with the U.S. Environmental Protection Agency Office
of Prevention, Pesticides and Toxic-.. Substances (OPPTS) guidelines
(http://www.epa.gov/opptsfrs/home/guidelin. htm) developed through a process of harmonization
that blended the testing guidance and requirements that existed in the Office of Pollution
Prevention and Toxics (OPPT) and which: appcared in title 40, chapter I, subchapter R of the
Code of Federal Regulations (CFR), the Office o esticide Programs (OPP) which appeared in
publications of the National Technical Informatlong ervice:(NTIS), and the guidelines published
by the Organization for Economic- Co-operatloneand Development (OECD). The marine tests
proposed are a subset of and-consistent with ‘tésts proposed under the California Ocean Plan
Appendix III, Table 1lz1, http: //www swrcb .ca.gov/pinspols/oplans/docs/cop2001.pdf). It
should be noted that the OPPTS: requires 47 toxicity tests for hazard identification in the
ecological risk assessment of pestxcxdes
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APPENDIX E: The US EPA Office of Pollution Prevention and Toxics Tiered
(OPPT) Approach to Exposure Assessment

OPPT uses a tiered approach to exposure assessment. Exposure assessments may use measured
data or model estimates. Representative measured data of known quality are preferred over
model estimates and are needed to validate and improve models. The EPA Guidelines for
Exposure Assessment includes guidance on collecting and using monitoring data for exposure
assessments. One of the goals in selecting the approach should include developing an estimate
having an acceptable amount of uncertainty. In general, estimates based on quality-assured
measurement data, gathered to directly answer the questions of the assessment, are likely to have
less uncertainty than estimates based on indirect mformatlon e odclmg or estunatlon

needed and exposure information must be clearly linked to | J"
response relatlonshlp The steps in the tiered approach are aga#o

These steps are explained in more detail

Step 1: Gather Basic Data and Informati
Assessment '

Manufacturmngrocessmg]Use' The ﬁrst step iniassessing exposure for a chemical is to identify
all of the manufacturinggprc rocessmggand use atfivities for the chemical. This would include
identifying all industrial, commermai%?ﬁ%ons_%ncr uses.

Gather Measured RataSMonitoring, or measured data may be available in a variety of resources,
such as com afﬁ?recor tor ases, national databases, studies published in the open
literature, rct:g‘nces and Oﬂ%'::(%}s (e.g., for physical/chemical properties, fate, exposure
factors, etc.) Wﬂ%ﬁél obtaining ‘measured or monitoring data, it is important to obtain all of the
needed supportingsinformationsinformation on data quality objectives, the sampling plan, use of
quality assurance ;%%gs e isurement of background levels, establishment and use of quality
assurance and quality Copftel measures, and selection and validation of analytical methods are
important considerations ‘%hen evaluating monitoring data or determining a strategy to collect
additional monitoring data. The EPA Guidelines for Exposure Assessment includes additional

information on these important considerations.

Estimates of Environmental Releases: Environmental release estimates are critical inputs for
models that calculate indirect human exposures via the environment such as through ambient air
or drinking water. They are also critical to modeling exposures to nonhuman aquatic and
terrestrial species. Release estimates may be site-specific or they may be generic for a particular
industrial process or industrial use. Releases from consumer and commercial products should
also be estimated if applicable.

Potentially Exposed Human Populations: All potentially exposed populations should be
identified. The exposed populations should be associated with the activity, task or source of
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environmental releases that leads to the exposure. Highly exposed or highly susceptible
populations should be addressed whenever possible. Include all routes of exposure.

Chemical Properties and Fate: Reliable, measured values are preferred, and should be used when
available. Measured values or estimates of water solubility and vapor pressure are important in
evaluating whether a chemical will dissolve in water or exist as a vapor at ambient temperature,
and are used to estimate worker and consumer exposures. Measured data or estimates of
biodegradation, sorption, and volatilization potential are used to predict removal in wastewater
treatment. Information on decay rates in the atmosphere, surface water, soil, and ground water
are important in evaluating how long it takes a chemical to break down in the environment, and
are used to estimate exposures to the general population and the enwronmcnt

Mitigation of Exposures: Process and engineering controls which-; €' used to contro exposures
should be identified. Personal protective equipment (PPE).that will mitigate occupational
exposures should be noted and quantitative estimates of exposure: w:th and without the use of
PPE should be provided.

Documentation of basic data and information: Dociitﬁent all measured'(_iata, environmental
release scenarios, exposure scenarios, assumptions and estimation techniques.-

T,

Step 2: Screening Level Exposure Assessment

Purpose of a screening level exposure assessment: Screemng ]evel exposure assessments should
be used to quickly prioritize exposures for further W

Approach: A screening level exposure assessm “will - -generate a quantitative conservative
estimate of exposure. The screenmg appre‘ch generally involves using readily available
measured data, existing release and cxposure e_stlmates and other exposure related information.
Where conservative estimates of exposure are not available, simple models, which often use
generic scenarios and assumptions, may be used to fill in gaps. For example, a screening-level
model for ambient air exposure that is using géneric assumptions may assume that the exposed

populations hvc near the chemlcal relcasc locations.

The exposure ? “issessment should mclude a characterization of the exposure estimates. Guidance
for characterizing exposure in EPA exposure assessments can be found in EPA's 1995 "Guidance
for Risk Charactenzatlon =

Step 3: Advanced Expogqrd‘i&ssessment

Purpose of an advanced exposure assessment: An advanced assessment will develop more
accurate estimates of exposure and will generally focus on the higher priority exposures
identified in screening activities.

Approach: An advanced exposure assessment should quantify central tendency (e.g. median,
arithmetic mean) and high end (i.e. greater than 90th percentile) exposures. A representative,
well designed monitoring study of known quality is the ideal. Information on data quality
objectives, the sampling plan, use of quality assurance samples, measurement of background
levels, establishment and use of quality assurance and quality control measures, and selection
and validation of analytical methods are important considerations when evaluating monitoring
data or determining a strategy to collect additional monitoring data. The EPA Guidelines for
Exposure Assessment includes additional information on these important considerations. Higher
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tier exposure models may also be used in advanced assessments. When they are used, every
effort should be made to obtain accurate input data. For example, a higher tier model for ambient
air exposure may use facility-specific parameters for emission rates, plant parameters such as
stack height and exact location of the exposed populations.

The exposure assessment should include a characterization of the exposure estimates. Guidance
for characterizing exposure in EPA exposure assessments can be found in EPA's 1995 "Guidance
for Risk Characterization".

General Notes: The approach described above is tailored to single chemical exposure
assessments, although the general process could also be used for other types of hazards (e.g.,
biological hazards). Sometimes the focus of an exposure assessment@#¥ill not be an assessment of
human and ecological exposures to a single chemical across mapyfacturing, processing and uses.
If the goal of the assessment is to identify safer substitutesgforsasparticular use, the exposure
assessment focus will be on all chemicals within that usé%.gi%ygms used in a consumer
product). In this case the basic data and information g6llected at %vstart of the assessment

would need to be modified accordingly. BT S

T

Exposure assessments may use measured data or fa@del estng;étes. Representative measured data
of known quality are preferred over model estimzfﬁ%;s%gg?e needed to validate and improve

models. OPPT encourages the appropriate use of our s&"‘mg and higher tier models.
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APPENDIX F. Background on biodegradation, with EU and US protocol
examples.

Background on Biodegradation.

Both biotic and abiotic transformation processes may reduce the concentration and change the
form of organic chemicals in the environment. Processes include chemical hydrolysis in surface
and groundwater, photolysis in surface water and the atmosphere, and biodegradation (in waste
water treatment, soils, sediments, surface and groundwater) (ECB). Usually sterilized (or
“killed”) controls are compared to nonsterile treatments to differentiate between abiotic and
biodegradation. In some cases, e.g.,, for chemicals that undergo hydrolysis, the distinction
between abiotic and biological degradation may be difficult to make

Biodegradation is a critical process because it can significantly aﬁ'ect the fate of a pollutant in the
environment. On one hand, biodegradation can result in the’ complete elimination of a chemical
or, on the other hand, transformation of the chemical into a -more harmful substance.
Biodegradability is not a fixed property of a chemical; such as solubility .or volatility, but is a
function of environmental conditions and the microbial capabllmes ofa pamcular location.

Biodegradation is defined as the chemical alteration; by ml_roblal metabolic processes, of one
chemical into another chemical form. Blodegradatl 'p ‘includes transformation (“primary
degradation”), in which the original chemical. is altered into another form of orgamc chemical,
and mineralization (*“ultimate degradation?), mkwh' h the- orjgmal chemical is converted into
carbon dioxide and other inorganic compound ; ;-z(c.g nitrate, ammonium, chloride).
Mineralization is often associated wjth the growth:df microdrganisms, in which case carbon, and
perhaps other elements, from_ 6 ongmal cheniial are converted into microbizl cellular material.
This possibility must be conéiflrered if blodegradanon is estimated by measurement of a product,
such as carbon dioxide, and there may not.be a the-to-one conversion of the orlgmal chemical
into its product. With transfo:matlon, “thére Iégpotcntlal for formation of a new organic chemical
(“degradation product®)-that is'toxic or behaves in some undesirable manner in the environment
(e.g., more mobﬂe) Th Sit is ‘¢ritical to identify the chemical structures of the degradation

products and; as appropnate "subjcct them to a multimedia assessment.

Blodegradatlon can also be cotipled with the metabolism of second chemical, through a process
called cometabolisi; in whichconstitutive or induced enzymes capable of degrading this second
chemical also can transform the chemical of interest. Cometabolism often has no benefit, and in
some cases may be harmful to the microorganisms involved due to formation of toxic
intermediate compounds (Alexander, 1999).

Biodegradation can occur under both aerobic and anaerobic (no oxygen present) conditions via
different metabolic pathways and usually different types of microorganisms. Aerobic conditions
are common in surface waters, soils and some groundwater aquifers. Anaerobic conditions are
common in fresh and estuarine sediments, flooded soils, and many groundwater aquifers. The
fact that a chemical can be degraded under aerobic conditions in no way ensures that it will
degrade anaerobically, and vice versa, thus the test methods selected to measure bicdegradation
potential must reflect the environment into which the chemical will be released.

It is important to recognize that new fuels are actually mixtures of different chemicals, each of
which has some potential to biodegrade. Mixtures are complicated by the fact that multiple
chemicals interact with one another and can potentially change the biodegradation rate of another
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chemical present (Alexander, 1999). Interactions include toxicity, diauxy-type phenomena
(where one chemical is used preferentially to another), stimulation (e.g., through supporting
cometabolic reactions), and physical interactions (e.g., one chemical acting as a solvent for
another). Unfortunately there has been only limited research on predicting the biodegradation of
chemicals in mixtures, so not much is known about this potentially important fate phenomenon.

Biodegradation potential can be reduced if a chemical adsorbed to organic matter or clay and
thus not physically available to microbial populations that would otherwise degrade it. The
absence of biodegradation may not be a problem for exposure if it can be demonstrated that the
sorbed form of the chemical is neither mobile nor toxic to receptors in the vicinity (Alexander,
1999).

European and US EPA Guidelines Summary.

1. The European Chemical Bureau (ECB has identified exjs d defined new protocols for
evaluation of the biodegradation potential of a chemica¥ i pvironment. The ECB
recognizes that measured biodegradation potentia m; i t for multi media
assessments. Data should be reliable and represegigfive of the geographifaand time scales of
relevance, take into consideration sources a : gSpathways, and reflect relevant
environmental concentrations (ECB)

(Senes 835 Fate, Transpo 1,
summarized in Table 1.

The Organization for E€gnomig£Eésheration®¥and Development (OECD) environmental
directorate calls for a_tiered f ‘measure the potential for a chemical to biodegrade.
The tests »éi;'f’-'ﬁ? Eisimplestggalled the “ready biodegradation test” or the 301A series, to
#ic ; he chemical longer and under different environmental

ST ﬁ’;'ﬁ:%nsfonna%i)n Test Gu1delmes -- Final Guidelines) are

Estimation of g_c_ g i ptential (or rates), e.g. through use of quantitative structure-
PSS A s not commonly utilized for most organic chemicals. In this

estlmate biodegradation 0 ential; however, selection of appropriate analogs must be made with
considerable care. The determination of similarity of an analog should not be subjective but
based on consideration of structure-activity data to demonstrate, for example, that the analog acts
biologically like the additive component it was chosen to represent. This is not an easy task,
however. For example, aliphatic compounds have a similar structure and are ultimately
subjected to the same metabolic pathway. Aliphatic chain length, however, can significantly
affect biodegradation rate, e.g., anaerobic, alkane-degrading bacteria have very specific size
ranges of alkanes that they can degrade (e.g., some species degrade only C6 to C8, whereas
others degrade only C14 to C20; Spormann and Widdel 2000). Such differences in molecular
weight also have the potential to affect uptake and toxicity.
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OPFPTS Series 825 Test Guidelines

Exstng Numbers EPA Pub
OPPTS Namne ™.
ors OPF | OECD [Triae
Senes B35—Fate, Transport and T Tost
Group A—L y Transport Test
8351110 Actrvated sludge sorpboa tsotherm hone none 96-298
8351210 | 5o thin layel chomalogmphy 7962700 | nane none 965047
835 1220 and sot P P 196.2750 hohe 106 96048
Group B—L y Abiots T ion Test Gui
852110 Hydeclysis as a funcion of pH 795 3500 note 1 98-057
8352130 Mysolysis as a nchon of pH and temperatue 796.3510 none none 96059
8252210 | Direct photolysts rade in water by suniighl 7963700 | none none 96-060
8352310 Maxmum direci phololysis sale w air from UVmsdie spectioscopy 796.3300 none nooe 06056
GQroup C~L y gical Ti Test
BISIN00 | Asiobic Boual: irodegradanon 7963100 |  none none 96-075
8253110 Ready tiodegradatisty 7265‘&)00, none k)] 95076
220,
3240
3260
8353120 Sealed-vessel carbon dioxide produchon lest none nahe none 96311
6353160 | Bicdegradabinty W sea water none none 06 57351
353170 Shake flagk de-away jost oM none none 95297
8353180 micooosm bk lest RONE PN nONG 96-083
835.3200 Zahn-Wellens/EMPA tes! 796,3360 none A8 95-084
8353210 Modilad SCAS st 796 340 none J0ZA 96-085
8353220 Polous pot Test none none none 25-301
£35.3300 Sod beodege adation 796.3400 none A 95068
8353400 0 ly of Diganic . 796 3140 none none 96-090
Qroup E— ch pecific Test
B35.5045 Modied SCAS 125t 106 nSoluble and voialie chermicals 705 45 none none S6-0F7
8A5.5154 g in the 795.54 none none 96-098
8355270 | Induect protolysis screenng test Sunight Photolysts in waters containing dissolved humic - | 79570 none none 96-099

There is good documentation of the cffects of mmor structural differences on biodegradability
for certain compound classes.{€.g;; ;ilffcrences among xylene isomers; methylbenzene (i.e.,
toluene) versus ethylbenzene; Heider et al. 1998). In conclusion, the QSAR approach has been
relatively successful w1th1n narrow groups of chemicals of similar structure (Jaworska et al.,
2003), but is not, as of yet,a. broad prcdlctlve tool that can substitute for measured data.
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EXHIBIT B

BUDGET DETAIL AND PAYMENT PROVISIONS

1. Invoicing

A. For services satisfactorily rendered in accordance with this Agreement and upon receipt and
approval of the invoices which properly detail all charges the Air Resources Board agrees to
compensate the University of California, Davis for actual expenditures incurred in accordance
with the rates specified in the attached Exhibit B, Attachment 1.

B. Invoices shall include the Agreement Number and shall be submitted in triplicate not more
frequently than quarterly in arrears to:

Air Resources Board
P.O. Box 1436
Sacramento, CA 95812-1436
Altn: Accounting Section

C. University may rebudget funds up to a maximum of ten percent between major budget categories
with prior notice to ARB’s contract manager.

D. Upon mutual agreement, ARB will give consideration to requests to rebudget funds in excess of
ten percent, however, no rebudgeting in excess of ten percent and no rebudgeting of funds into
the travel category may be performed without Stationary Source Division Chief approval. The
total agreement cost will remain unchanged.

2. Budget Contingency Clause

A. Itis mutually agreed that if the Budget Act of the current year and/or any subseguent years
covered under this Agreement does not appropriate sufficient funds for the program, this
Agreement shall be of no further force and effect. In this event, the State shall have no liability to
pay any funds whatsoever to Contractor or to furnish any other considerations under this
Agreement and Contractor shall not be obligated to perform any provisions of this Agreement,

B. If funding for any fiscal year is reduced or deleted by the Budget Act for purposes of this program,
the State shall have the option to either cancel this Agreement with no fiability occurring to the
State, or offer an agreement amendment to Contractor to reflect the reduced amount.

3. Payment

A Costs for this Agreement shall be computed in accordance with State Administrative Manual
Sections 8752 and 8752.1.

B. Nothing herein contained shall preclude advance payments pursuant to Article 1, Chapter 3, Part
1, Division 3, Title 2 of the Government Code of the State of California.

C. ARB shall withhold payment equal to ten percent of the total Agreement cost until completion of
all work and submission to ARB by University of a final report (including computer diskette copy)
approved in accordance with Exhibit F by ARB. |t is University's responsihility to submit an
invoice in triplicate with the revised final report for ten percent withheld.
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D. University will be paid for the payment period completed upon receipt, by ARB, of an invoice and
progress report satisfying the requirements of this Agreement. The invoice and progress report
must be deemed by ARB to reflect reasonable work performed in accordance with the
Agreement.

E. The amount to be paid {o University under this Agreement includes all sales and use taxes
incurred pursuant to this Agreement. University shall not receive additional compensation for
reimbursement of such taxes and shall not decrease work to compensate therefor.
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EXHIBIT D

SPECIAL TERMS AND CONDITIONS

1. Termination

A. This Agreement may be canceled at any time by either party, upon thirty (30) days written notice

to the other party.

In the case of early termination, the performing agency will submit an invoice in triplicate and a
report in triplicate covering services to termination date, following the inveoice and progress report
requirements of this Agreement. A copy and description of any data collected up to termination
date will also be provided to ARB.

Upon receipt of the invoice, progress report, and data, a final payment will be made to the
performing agency. This payment shall be for all ARB-approved, actually-incurred costs in
accordance with Exhibits A and B, and shali include labor, and materials purchased or utilized
(including all noncancellable commitments) to termination date, and pro rata indirect costs as
specified in the proposal budget.

2. Disputes

A

ARB reserves the right to issue an order to stop work in the event that a dispute should arise, or
in the event that the ARB gives the performing agency a notice that this Agreement will be
terminated. The stop-work order will be in effect until the dispute has been resolved or this
Agreement has been terminated.

Any dispute concerning a question of fact arising under the terms of this Agreement which is not
disposed of within a reascnabie period of time by agency employees normally responsible for the
administration of this agreement, shall be brought to the attention of the Executive Officer or
designated representative of each agency for joint resofution.

3. Amendments

ARB reserves the right to amend this agreement for additional time andfor additionat funding.
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EXHIBIT E

Reports and Data Compilations

A

With respect to each invoice period, University shall forward to the Contract Manager an electronic copy
of the progress report and mail one copy of the progress report with each invoice. (Do not use Express
Mail). When e-mailing the progress report, the “subject line” should state the contract number and the
billing period. Each progress report will begin with the following disclaimer:

The statements and conclusions in this report are those of the University and not necessarily those of the
California Air Resources Board. The mention of commercial products, their source, or their use in
connection with material reported herein is not to be construed as actual or implied endorsement of such
products.

Each progress report will also include:

1. A brief narrative account of project tasks completed or partially completed since the last progress
report.

2. A brief discussion of problems encountered during the reporting period and how they were or are
proposed to be resolved.

3. A brief discussion of work planned, by project task, before the next progress repori.
4. A graph showing allocation of the budget and amount used to date for each task.
5. A graph showing percent of completion for each task.

If the project is behind schedule, the progress report must contain an explanation of reasons and how the
University plans to resume the schedule.

Ninety days prior to Agreement termination date, University will deliver to ARB twenty (20) bound copies
of a draft final report. The reports may be stapled or spiral bound, depending on size. The draft final
report will conform to Exhibit F.

Within forty-five (45) days of receipt of ARB's comments on the draft final report (Exhibit F), University will
deliver to ARB's Contract Manager two (2) copies of the final report incorporating all reasonable
alterations and additions requested by ARB and the Research Screening Committee. Upon approval of
the amended final report by the ARB's Contract Manager in accordance with Exhibit F, University will,
within two (2) weeks, deliver to ARB two {2) camera ready UNBOUND originals and a final report
incorporating all final alterations and additions. The final report will conform to the Contract Final Report
Format, Exhibit F.

Together with the final report, University will deliver a copy of the report on diskette, using any common
word processing software (please specify the software used) and a set of all data compilations as
specified by the ARB Contract Manager.

University’s obligation under this Agreement shall be deemed discharged only upon submittal to ARB of
final report in accordance to Exhibit F, report diskette, and all required data compilations.
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H. Prior to completion of this Agreement, University shall be entitled to release or make available reports,
information, or other data prepared or assembied by it pursuant to this Agreement, in scientific journals
and other publications and at scientific meetings, provided however, that a copy of the publication be
submitted to ARB for review and comment 45 days prior to such publication. Further, University shall
place the disclaimer statement in a conspicuous place on all such reports or publications. Nothing in this
provision shall be construed to limit the right of State to release information obtained from the University
or to publish reports, information, or data in State publications.

2. Copyrightable Materials

In recognition of the policy of ARB and University to promote and safeguard free and open inquiry by faculty,
students and the members of the public and in furtherance of such policy, both parties agree to the following
with respect to rights in data and copyrights under this Agreement:

A. The term "Subject Data” shall mean all original and raw research data, notes, computer programs,
writings, sound recordings, pictorial reproductions, drawings or other graphical representations, and
works of any similar nature, produced by University in performance of this Agreement, but specifically
excluding "Reports,” as defined in this Agreement. Subject Data also excludes financial reports, cost
analyses, and similar information incidental to contract administration.

B. The term “Reports” shall have the meaning assigned to it in Exhibit F of this Agreement.

C. Ownership of all Subject Data and copyrights arising from Subject Data shail be vested in University while
ownership of all Reports and copyrights arising from the Reports developed under this Agreement shall
be vested in ARB. University agrees to make available to the public for public benefit, without license or
fee, any scholarly articles which are published from the Subject Data.

D. Nothing in this exhibit or Agreement shall be construed to limit the right of University faculty, students or
staff to publish the Subject Data in the form of scholarly articles in academic journals nor to affect,
abrogate or limit the right of University faculty, staff or students to make sue of Subject Data.

3. Travel & Per Diem

A. Any reimbursement for necessary travel and per diem shall be at the University's approved travel rates.
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4. Meetings
A. Initial_ meeting Before work on the contract begins, Contractor will meet with the State's Contract

C.

Manager and other staff to discuss the overall plan, details of performing the tasks, the project schedule,
items related to personnel or changes in personnel, and any issues that may need to be resolved before
work can begin.

Progress review meetings The Principal Investigator and appropriate members of his or her staff will
meet with the State's Contract Manager at monthly intervals to discuss the progress of the project. This
meeting may be conducted by phone, if appropriate.

Technical seminar The Contractor will present the results of the project to ARB staff at a seminar in
Sacramento,

5. Confidentiality

A

it is understood that in the course of carrying out this Agreement, State may wish to provide University
with proprietary or confidential information of State (Proprietary Information). University agrees to use its
best efforts to hold proprietary information in confidence and shall return it to State upon the completion of
the project.

This obligation shall apply only to proprietary information which is designated or identified as such in
writing by State prior to the disclosure thereof. All proprietary information shall be sent only to the
Principal Investigator. Moreover, this obligation shall not apply to any proprietary information which: a) is
or becomes publicly known through no wrongful or negligent act on the part of University; b) is already
known to University at the time of disclosure; ¢} independently developed by University without breach of
this agreement; or d) is generally disclosed to third parties by State without similar restrictions on such
third parties.
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CONTRACT FINAL REPORT FORMAT GUIDELINES
Each page of the approved final report must be legible and camera-ready.
Binding

The draft final report, including its appendices, must be either spiral bound or stapled, depending on size. The
revised final report and its appendices should be spiral bound, except for two unbound, camera-ready originals.

Cover
Do not supply a cover for the final report. ARB will provide its standard cover.

One-Sided vs. Two-Sided

To conserve paper, the draft final report and the revised final report, except for the unbound camera-ready copies,
should be printed on both sides of the page. The unbound camera-ready copies must be printed on only one side
of the page.

Title

The title of the final report will exactly duplicate the titie of the contract uniess approved in writing by ARB Contract
Manager.

Spacing
In order to conserve paper, copying costs, and postage, please use singie spacing.
Page Size

All pages need to be of standard size (8-1/2” x 11"} to aflow photo reproduction.

Large Table/Figures

Fold-out or photo reduced tables or figures are not acceptable because they cannot be readity reproduced. Large
tables and figures should be presented on consecutive 8-1/2" x 11" pages, each page containing one portion of
the larger chart.

Color

Color presentations are not acceptabie; printing shall be black on white only.

Corporate ldentification

Do not inctude corporate identification on any page of the final report, except the title page.
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Unit Notation

Measurements in the reports should be expressed in metric units. However, for the convenience of engineers
and other scientists accustomed to using the British system, values may be given in British units as well in
parentheses after the value in metric units. The expression of measurements by both systems of units is
especially encouraged for engineering reports.

Section Order

The report should contain the following sections, in the order listed.

Title page

Disclaimer

Acknowledgments

Abstract

Table of Contents

List of Figures

List of Tables

Body of report

References

List of inventions reported and copyrighted materials produced
Glossary of Terms, Abbreviations, and Symbols
Appendices

Page Numbering
Beginning with the body of the report, pages shall be numbered consecutively beginning with 1, including all

appendices and attachments. Pages preceding the body of the report shall be numbered consecutively, in
ascending order, with small Roman numerals.

Title Page
The title page should include, at a minimum the contract number, contract title, hame of the principal investigator,
contractor organization, date, and this statement: “Prepared for California Air Resources Board and the California
Environmental Protection Agency.”
Disclaimer
A page dedicated to this statement must follow the title page:

The statements and conclusions in this report are those of the contractor and not necessarily those of the

California Air Resources Board. The mention of commercial products, their source, or their use in connection
with material reported herein is not to be construed as actual or implied endorsement of such products.

Acknowledgements

Only this section should contain acknowledgments of key personnel and organizations that were associated with
the project. The last paragraph of the acknowledgments must read as follows:



ARB/UC Davis
Agreement Number 06-410
Page 3 of 4

EXHIBIT F

This report was submitted in fulfiliment of (ARB Contract Number and Project Title) by (contractor
organization) under the (partial) sponsorship of the California Air Resources Board. Work was completed as
of (date).

Abstract

The abstract should indicate, in non-technical terms, the purpose and scope of the work undertaken, the work
performed, results obtained, and conclusions. The purpose of the abstract is to provide the reader with useful
information and a means of determining whether the complete document should be obtained for study. The
length of the abstract should be no more than about 200 words.

Table of Contents

This should list all the sections, chapters, and appendices, together with their page numbers. Check for
completeness and correct reference {o pages in the report.

List of Figures

This list is optional if there are fewer than five illustrations.
List of Tables
This list is optional if there are fewer than five tables.

Body of Report

The body of the report should contain the details of the research, divided into these sections:

A. Introduction. Clearly identify the scope and purpose of the project. Provide a general background of the
project. Explicitly state the assumptions of the study. Clearly describe the hypothesis or problem the
research was designed to address. Discuss previous related work and provide a brief review of the
relevant literature on the topic.

B. Matenals and Methods. Describe the various phases of the project, the theoretical approach to the
solution of the problem being attacked, and limitations to the work. Describe the design and construction
phases of the project, materials, equipment, instrumentation, and methodology. Describe quality
assurance and quality control procedures used. Describe the experimental or evaluation phase of the
project.

C. Results. Present the result in an orderly and coherent sequence. Describe statistical procedures used
and their assumptions. Discuss information presenied in iables, figures, and graphs. The titles and
headings of tables, graphs, and figures, should be understandable without reference to the text. Include
all necessary explanatory footnotes. Clearly indicate the units used.

D. Discussion. Interpret the data in the context of the original hypothesis or problem. Does the data support
the hypothesis or provide solutions to the research problem? If appropriale, discuss how the resulls
compare to data from similar or retated studies. What are the imptications of the findings? Identify
innovations or development of new techniques or processes. If appropriate, discuss cost projections and
economic analyses.
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E. Summary and Conclusions. This is the most important part of the report because it is the section that will
probably be read most frequently. This section should begin with a clear, concise statement of what was
done and why and how it was done. Major results and conclusions of the study should then be presented
using clear, concise statements. Make sure the conclusions reached are fully supported by the results of
the study. Do not overstale or over interpret the results of the study. A simple table or graph may be
used. It may be useful to itemize major results and conclusions.

F. Recommendations. Use clear, concise statements to recommend (if appropriate) future research that is a
reasonable outcome of the sfudy and is supported by the results and discussion.

References

Use a consistent style to fully cite work references throughout the report and references to closely related work,
background material, and publications that offer additionat information on aspects of the work. Please list these
together in a separate section following the body of the report. If the report is large, you may list the references at
the end of each chapter.

List of Inventions Reported and Publications Produced

If any inventions have been reported or publications or pending publications have been produced as a result of
the project, the titles, authors, journals or magazines, and :dent:fymg numbers that will assist in locating such
information should be included in this section.

Glossary of Terms, Abbreviations and Symbols

When more than five of these items are used in the text of the report, prepare a listing of all with explanations and
definitions. It is expected that every abbreviation and symbol will be written out upon its first appearance in the
report, with the abbreviation or symbol following in parentheses. Symbo!s listed in tables and figure legends need
not be listed in the glossary.

Appendices

Related or additional material too bulky or detailed to include within the discussion portion of the report shall be
placed in appendices. If a report has only one appendix it should be entifled “APPENDIX". If a report has more
than one appendix, each should be designated with a capital letter (APPENDIX A, APPENDIX 8). If the
appendices are too large for inclusion in the report, they should be collated, following the binding requirements for
the finat report, as a separate document. The Contract Manager will determine whether appendices are to be
inciuded in the final report or treated separately. Page number of appendices included in the report should
continue the page numbering of the report body. Pages of separated appendices should be numbered
consecutively, beginning at 1.
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