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EXHIBIT A
1. BACKGROUND

Biodiesel is the name of an altemative 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 biend. Biodiesel is made
through a chemical process called transesterification whereby the glycerin is separated from the fat or
vegetable oil. The process leaves behind two products — methyl esters (the chemical name for biodiesel)
and glycerin (a valuable byproduct usually sold to be used in soaps and 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 diesel 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, afthough minor modifications (e.qg. 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 isstied in March 2006 and will undergo review
by California Environmental Policy Council 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 Evaluations™ 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 to 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 to engine performance and emission requirements but also with consideration of health
and environmental criteria involving airbome toxics and associated health risks, ozone formation
polential, 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 elemenis of the philosophy and approach in these recommendations are {a) flexibility to address
factors unique to each fuel 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:

Tierl. Technical consuitation and peer review to establish the risk assessment elements and issues

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

Tier I}l: Implementation of a Final Multimedia 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 out Tiers | and |i of the
three-tiered muitimedia assessment for the use of biodiesel formulations in the State of California. This
work will be carried out by researchers at the University of California 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 Berkeley to meet both the timeline and cost figures in
providing the update of the MMAG and delivering the Tier | report. For Task 3, which involves completion
of the Tier Il 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 timelines in this way is that the scope of work and timeline for Task 3 cannot
be accurately characierized without results from the Task 2 (Tier 1) report. So what we provide here are
estimates of the full time equivalient (FTE) and experimental resource costs for our best estimates of the
level of effort involved in this task.

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-l assessment for biodiesel. Task 3 is the impiementation and documentation of a Tier-!|
assessment for biodiesel.

Task 1. Respond to Comments and Finalize the MMAG.

Extensive commentary received on the MMAG includes 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, 1999. Intemational Programme on Chemical Safety Environmental Health Criteria 210,
Principles for the assessment of human heaith from exposure to chemicals. World Health
Organization, Geneva, Switzerland,

WHO, 1994. Internationa! 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, Swilzerland.

This project will address these suggestions by evaluating relevant documents (listed above and others)
and merging the recommended proiocols with those proposed, with evaiuations by field-specific experts.
At UC Berkeley the effort will focus on life-cycle methodology (McKone), motor vehicle
emissions/greenhouse gas issues {Lucas), and incorporation of established guidelines (Rice).

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

Task 2. Biodiesel Tier 1 Assessment

The goal of the Tier | review is to develop a mutually-agreed upon Work Plan 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 hicdieset 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 o the MMWG are a summary of regulatory approvals, background
fuel information, and an outline of information necessary for the Risk Assessment Design to be prepared
during Tier {l. 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 fuel
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 conceptfual 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 | 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 approval. This Work Plan serves to define the issues of the Risk
Assessment Design that is carried out in Tier Il

The Tier | evaluation will involve reviews of biodiesel production, conveyance, storage, combustion, and
environmental interactions processes via examination of resources available in technical and industry
literature, websites, and other reporting venues. McKone will lead this effort at UC Berkeley with
assistance from the UC collaborators Lucas, Rice and other faculty and staff as needed to identify
specific knowledge gaps.

Deliverable: Tier | Work Plan (as defined in the MMAG), with updated budget for Tier I
Budget. $70K
Timeline: 29 June 2007 - 31 December 2007.
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Task 3. Tier Il Biodiesel Assessment

The next step in the muitimedia evaluation process is the development and review of the Tier I 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 fransport, partitioning
to muliimedia compariments, 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 calcuiations. 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 consulation 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 toels not well
defined, and
+ Methodology jor 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. Field-specific studies will be reviewed and evaluated by McKone and co-workers at UC Berkeley.

Tier Hl concludes with a Risk Assessment Design report that addresses all the elements identified in the
Tier | Work Plan. [t will address the knowledge gaps identified during both the Tier | and Tier | efforts
and include the results of the experimental and modeling work as outlined in the Experimental Design.
The final product of Tier Il 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 [ll. The estimated
budget and timelines below represent a best estimate based on anticipated activities, tasks, and available
funds to complete the Tier Il report. Unanticipated activities and tasks that are subsequently identified to
complete the Tier |l 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, $30K
Timeline: 29 June 2007 - 31 May 2008.
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3. The project representatives during the term of this agreement wilt be:

Requesting Agency: Air Resources Board

Contractor: University of California, Berkeley

Section/Unit; Stationary Source Division

Section/Unit: Public Health Environmental Health
Sciences

Attention: Gary Yee

Atiention: Thomas E. McKone

Address: Air Resources Board
1001 | Street, 6™ Floor
Sacramento, CA 95814

Address: University of California, Berkeley
Public Health Environmental Health
Sciences
140 Warren Hall #7360
743 University Hall
Berkeley, CA 94720

Phone: (916) 327-5986

Phone: (610) 642-8771

Fax: (916) 322-6088

Fax:

Email: gyee@arb.ca.gov

Email: TEMcKone@Ibl.gov

Direct all administrative inquiries to:

Requesting Agency: Air Resources Board

Contractor: University of California, Berkeley

Section/Unit: Administrative Services Division

Section/Unit: Sponsored Projecis Office

Attention: Angie Gomez

Aftention: Jyl Baldwin

Address: Air Resources Board
1001 | Street, 20" Floor
Sacramento, CA 95814

Address: University of California, Berkeley
Sponsored Projects Office
2150 Shattuck Ave., Suite 313
Berkeley, CA 94704-5840

Phone: (916) 322-4348

Phone: (510) 642-8117

Fax: (916) 327-2940

Fax:

Email: agomez@arb.ca.gov

Email: jbaldwin@berkeley.edu
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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 %;g_:ste generation and surface
and groundwater contamination resulting from production, dlig__ﬁjfbution, and use.

To oversee the multimedia evaluation process, the Cﬁﬁﬁs%i hia Environmental Protection

Agency (CalEPA) formed a Multimedia Working® Groupe.(MMWG) that makes
recommendations to the California Environmental R8lity Council régarding the acceptability
of new fuel formulations that are proposed for ugiaﬁf the State. R

The purpose of this document is to set out';fé%il;oth ggé:f%a]EPA and new fuel applicants a
set of recommended guidelines regarding howHtg$approach, conduct, and evalbate a

multimedia evaluation.

The key elements of the Philosc;p i

) roacliZin, these recommendations are (a)
flexibility to address factors unique to each fuel Fpexand (b) a tiered process for consultation
and review using a lifecycg%%{oach.%pnsﬁtaﬁo id review provide a means for the
presentation of informationiby newifuel pr%%'ents and feedback iterations from the MMWG
aided by expert consu#lﬁ“fi%n andipeer revigy. To address the need to provide defensible
information and scientific studiesfthat are cdgjprehensive, flexible enough to capture issues
unique to each fuel, mﬁ%@gﬁﬁ%@ﬂmw and consultation, we recommend a tiered
process. In thisiguidance dogiiment we define three tiers during the multimedia assessment

process, llst%ﬂ% foileg%s,_ suﬁi"@;gzed in Section IV, and each one detailed in Sections V,
VI, and VHfrespectivelyss, s

1 and peer review lfo establish the risk assessment elements and

issues =N

Fa=iats

Tier II: Development.andreview of experimental design for future actions and reports

=

Tier III: Implementa%gn 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 I 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 clements and issues of the decision making process associated
with the new fuel. These key clements 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 h,

4. Companson of physical, chemical, and toxic prop
components to appropriate agreed vpon control fuel .

The final step in the Tier I process is the develd
Plan. The Tier I Work Plan is developed with inpfit¥

of the fuel or addltwe

w of the Tier [ Work
gom the MMWG and

This Work Plan serves to define the issues of the SSsessment Design that is carried out
in Tier I1.
“The next step in the multimedia eV

Tier II Risk Assessment Design. The ex
developed by the apphcant :

Yor final risk assessment work is
€ AWG. The applicant must propose the

e propo*ea“approach to the MMWG for
Iso be peer reviewed.

hforma A Resources Board fuel base fuel. Experimental
pe of the nsk assessment, and fill any knowledge gaps that

Methodology for v grating all media (air, water, soil, efc.) analysis.

Tier I 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
118

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



ARB/UC Berkeley
Agreement Number 084058
Exhibit A, Attachment 1
Page 5 of 67

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

The final step in the multimedia evaluation is the completion and review of the Tier III
Multimedia Risk Assessment according to the agreed upon design developed through Tiers |
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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. 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
“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, distrab

Pution, and use.

To oversee the multimedia evaluation process, the CalsToliiz Environmental Protection
Agency (CalEPA)} formed a Multimedia Working G) that makes
recommendations to the California Environmental R§I arding the acceptability

The purpose of this document is to set out®kboth thg\ﬁalEPA and new fuel applicants a
set of recommended guidelines regarding hov@l%;gpproach conduct, and evaluate a
multimedia evaluation. o,

3/14/06 Page 6 of 67 DRAFT
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IIL. 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 PuriNOy. 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 Eﬁ‘? ] Type

Each proposed fuel formulation brought to CalEPA fB““"‘ SJdcratlon will likely present
unique issues that are difficult to fully anticipate in det“‘iled h1§Hi prescriptive guidelines.
Examples include custom aspects of product or addaﬁifc manufacturgrtransport, mixing, and
on-site storage requirements; particulars of nongin tform and/or partlai::market targeting; or
potential co-requisite equipment modifi catlens The qg}ultlmedia proccss must also be
applicable to emerging transportation fuels of i futufevsuch as hydrogen or fuels not yet
envisioned. To effectively address such a w1d'*_ ] i
guidelines that are both clear about \ifhﬁt;-_lnfonnatlonﬁls needed in general and sufficiently
flexible to adapt to a broad range ofﬁc E tionss: and manufacturing/marketing and
strategies.

decisions ma_dep le.in the dcsi@‘ﬁ of the multimedia cvaluatlon can save time and effort for all
parties mvolved;:and can w applicants fo focus on key issues and uncertainties during the
multimedia assesstent

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 VII, respectively.

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

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

Tier [IT: Multimedia Risk Assessment Submitial, 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 f
to do additional testing. The proponent will not alwa

= The key issues and uncertainties a
to address these concerns are foc

hen to hold'em -and when to fold’em” during

, bss has few surprises at the end for either the

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 evalnation 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 ccrtam chemical pollutants were
capable of persisting in the environment, migrating between ,a:ir%*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 conéén piecemeal on assessing
chemical behavior in air, water, or soil as scparata-—-*compartmen . but this paradigm ran
counter to the emerging realizations about the behd For of chemwalsan. the environment. A
novel approach was required that described sﬁ%:cnons between: fﬁ%%:seemmgly distinct
components of the cnv1ronmcnt the annosﬁi;erc, hydms“ﬁhcre hthosphcre and blospherc

assessments.

;v

A risk assessment is a syst&gmgtw evaiuatloﬁ:’“f thc%robablhty of harm (human disease or
ecosystem damage). The ""Temsnts of a=rick assessment include hazard identification,
exposure assessment, igﬁ%’ﬁmty asse“s”sment 3 risk characterization. Hazard identification is
used to establish the pBSSIblllfy oflharm through toxicological testing that indicates the likely
toxic effects of a substang_.' Afcer T roam:ﬁve damage, neurotoxicity, etc. The possibility
of harm can also through studies that identify exposure potential based on
chemical p r%:gcrtlcs;‘fitar examglsi persistence and bioaccumulation potential are properties
of a chemigal that increase, its llkalahood of having a relatively high exposure potential for
both hum“ans and ccosystcms An exposure assessment involves source/emission
charactenza?*n, envnronmental transport and transformation, and estimates of uptake or
intake for humans or sﬂler biological organisms. A toxicity assessment is used fo
characterize the lﬁfmﬁbﬁ of harm at a given dose and typlcally results in a dose-response
model. The risk charatterization 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 (fransport
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 conceptial model will be very important in identifying any additional work
or 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 controis
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 abgill health and environmental
impact for the whoie life cycle of a product, from the prod of the raw materials to the
ultimate disposal of the product. LCA is commonly desf as a four step process that

(1SO 14042) (ISO
e al. 1999a, 1999b;
grcategories as well as the temporal
e time and resources, an LCIA could
Tai.and fully characterize all categories
of potential impact and account for 2 ZzBut in reality there are fime and
budget restraints that require the LCIA ¥y peto the most important aspects of a
particular issue. As a result onsf the keys 3f L3EA&%and the proposed tiered multimedia

PP sandaries, scale, and level of detail required in
fiation. In combination with a tiered strategy, we
Wsuited to address the comparison of different

chsc1plme has grown in the area of life-cycle in
2000, Udo de Haes et al. 2002; Bare et al. 15
Owens 1997). An important consideration of [
and spatial dimensions of potential impacts. Wlth 1
collect and use extensive amounts of gdafa

addressing a spcc1ﬁc isguEn
find that LCA and LER

4 the next stage of the decision-making process. This process is
gand illustrated in Figure 1. The process begins with an applicant
screening stage. is 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 | 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 ITI the Risk Assessment
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Risk Assessment.

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

Peer Review

Technical consultation
4. during development of
Tier ] Work Plan

including identification

*H: of key risk assessment

ments and issues

Technical peer review:
consultation of Risk
Assessment Design

Fuel Applicant Multimedia
Work Group
Tier 1 Fuel Background Screens applicant and
Summary report: establishes key risk 23
»  Chemistry assessment elcmeut’%f
* Release Scenarios andissues
. Envirgnmenta] | % =
behavior 5
Mutually-agreed upon Ticr- Ié@%‘?k Plan_l 10,
proceed through multimedia cvaluatiog="
Tier H Risk Assessment Commen%‘nn Risk
Design report iAsscssmchDemgn
Tier III | Execution of Risk

Asscssment an
prepmﬁtmn of

tﬁgnvironmcntal

| Polity Council based

Independent peer
review of Multimedia
Risk Assessment report
and Working Group
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Applicant’s surnmary report
¥

Tier I
Identify key elements
and tssues

TierII
Prepare risk
assessment design

Tier IIT
Execute full nsk
assessment

Environmental

Policy Council
- Apprevsl

walliation process flow chart

Tier I - !3'- nical -rl’ Fation spd Peer Review to Establish the Risk Assessment

Elements 251l Issues

The goal o8& 4
Multimedia Risk 3 fent. Tier I begins with the applicant bringing a summary report to
the Cal-EPA d 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 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 cpficurrence from the MMWG
and focuses on key issues that must be addressed in the Jlater Tiers. The applicant must
propose the Work Plan elements and justify the propgséﬁ%ﬁproach to the MMWG for

approval. This Work Plan serves to define the issues oﬁ;ﬁ Ii'i?%&_sscssmcnt Design that is
carried out in Tier I1. S

An expanded description of the Tier | proceg.ﬁ;}%& initial applicati n“;;{;gquirements can be
found in Section V of this document. &5 -
Tier II - Multimedia Risk Assessment Experil;:‘%&;:-_ %fesign Review

The next step in the multimedia ey8lnation procc;’s%%me development and review of the
Risk Assessment Design. The ﬁ%ﬁ taliedesign 'TQ%T}fmal risk assessment work is
developed and reviewed by the plak

,gt__Th_ ant _must propose the Risk Assessment
Design elements and justify the.proposedzapfroach %the MMWG for approval. The Risk

G mEEaTe

Assessment Design shoulﬁdga‘i?ﬁ“ﬁﬁ;@grgo techinical consultation peer review,
=¥ 2 5

The Risk Assessrg:i{ff Design _;sf%"ould provide a comparison between the proposed fuel or
additive and the appropriate Cﬁﬁé]«@@gﬁc] Experimental Design elements address the
scope of the risk assessniént,.and fill any Knowledge gaps that are identified in the Tier I
Work Plan in¢luding the: <.

. :&_ ;-

. Role..;aqi;ljusc of modé

and Eﬁgpgatc chemicals,

. Mann;i"%ﬁ:%uscd to ad%—“%ss health and environmental impacts where experimental tools
not well defined, and &
*  Methodology : G?;&?ggféting all media (air, water, soil, etc.) analysis.
Tier IT 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 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 TI - 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 IIT 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
Regulations

s Relevant State

3 ese approvals should be couched
@Bs. An example listing of the relevant
=ZFhis catalogue is a static and non-

progress and any govcmmcnt-adc)pted health critgy
within the context of the relevant California regula
California regulations are summarizgl
prioritized “snapshot” of the regulatd ! 23
replace the applicants’ research and id€gati futhe proper and up-to-date regulations
relevant to their applicaﬁon 3

a very brlcf surmig
for identification Otaly

Californjia 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

ET recent and applicable codes at the time of application.
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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 Control Regulations. This fact sheet gives information on the
current and near future regulations for emissions of “grecnhouse gases.” Also outlined in
this fact sheet are estimated consumer costs. A =

The Office of Environmental Health Hazard Assessnie?ft’s (OEHHA) web page lists
articles describing applicable codes. The codes and reg’ﬁ’f tlon%oversecn by OEHHA also
contain regulations deriving from the Proposition Qﬁ%?@mcndmen {4986 and subsequent) to
the Safe Drinking Water and Toxic Enforcement Af;‘i?(l 986), and in ilée

1. Interagency Consultation. This section EEX Qiiires forzan inter- -agency consultation for
anything that might alter the states water qua[i;y contrsi standards and or measures.

2. Groundwater Control Programs. The State Water Resources Control Board (SWRCB), is
allowed to develop and implement’ programs dcsngned to protect groundwater quality.
Nothing in this section is desigried Lf,x_pand the'. .power of the SWRCB beyond
provisions contained in the California;Water{Sede.

=

3. Discharge of Waste. WastezPolicies andsd’c"'ﬁmtlons are laid out for materials considered
hazardous waste. A regaenal Bdard, in ﬁ%;?tcr quality control plan or in waste discharge
requirements, mayiﬁclfy ceﬁ%am condifipns or areas where the discharge of waste, or
certain types of wastc wﬂl%et:«:b ermitted. Discharge of Oil or Petroleum details
regulations and pums’hmcgts *for vio VT(%%outlmed regulations. Also included is a special

section abmﬁi f"BE Cléa‘nup and Abatcment detalls regulations regardmg cleanup time

‘fw

Substances Control (DTSC)’s is the State agency responsible
for enforci Eardous wastc laws. Hazardous waste regulations appear in Title 22 (Social
Security), Divisitn 4.5 and‘éarc listed on the departmental web page (see Appendix A). The
DTSC also adopts— cmergency regulations when it determines, and the Office of
Administrative Law"cbicurs, that there is an immediate need for a regulation to profect 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 incilude 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 représented by nine Regional Water Quality
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.

3/14/06 Page 16 of 67 DRAFT



ARBAIC Berkeley
Agresment Number 08-409
Exhibit A, Attachment 1
Page 17 of §7
DRAFT - Do not cite or copy without permission of the authors

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 IT) 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 1, the goal is not to answer all the questions, but instead to identify what questions must
be addressed and to develop a2 Work Plan for the types of experiments, models, and
evaluations that are needed to confront identified issues. Tl@ﬁ'agraphs below have been
organized to show the information gathering activities dtcording to both process and
elements. This information gathering process must be bt amund a technical peer-review
consultation in which the applicant provides prcllmlnary 1nf0rma110n to the MMWG. The
applicant then proposes and justifies to the MMWGzsSet of key i 1ssues and elements that will
be used as a basis for the Multimedia Risk Assessmcnt Design. Th :MMWG accepts or
amends this list of key issues or elements alﬁad by expert peer review consultation. The
results of this process are described in a WorE‘EPlan tha%'is developed by the applicant and
endorsed by the MMWG. ':;?*Ee

Guidelines for preliminary pl

assessment targets are, restated as folloi%‘.;i

* Physical, and chemical gnd».cnvnronnﬁl%n i
candidate fuel and addjﬁye clm:.ggoncn 7

=
* Summary of all ggtcntlal preﬂuctmn dlstnbutlon storage, and use release scenarios
including a d:scussmgjiof theme‘s'téiﬂctlyJeﬁcasc scenarios and any waste generated,
i':?‘.E'

* Summary of_Ahe cxpccf‘%%enwronmcntal behavior (development of transport and fate
conccptuaf]’*mo Elstassociated. with release scenarios) of proposed fuel, fuel components
or waste*that may bé%r"élcascd _and

5= _*.f.\

* Comparspn of physn:’l chemlcal and toxic properties of the fue! or additive
componcntsio appro riafe agreed upor control fuel or fuel components.

view 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. 1t 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 pr0pemes of the substance include its
physical state at room temperature (solid, liquid, gas);

* physical appearance and color; melting point;

* boiling point;
* density; and
» diffusion coefficients in air or water (if availal

The relevant chemical properties include: 4
*  vapor pressure;
» water solubility; ,
* octanol-water partition coefficien]
octanol-air partiﬁon coefﬁcient Gf

ional storage/distribution materials, and
, water, or soil.

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 ts 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 scenarios a fuel life cycle approach should be used.
Release scenarios provide pictures of the various manners that;ﬁbel and its components may
be released during production, distribution, storage, and use: "con51der1ng release scenarios,
the applicant should provide a summary of all potential dléif]’butaan, and use release scenarios
as well as a discussion of the most likely release scenarios. Frofit:a. comparative standpoint,

=y
this evaluation provides a means to assess.differences betwe%gtgﬁhe potential release
mechanisms of an existing transportation fuel 1@ use and the ncwly;q';;%goposcd fuel.

Possible release scenarios that should be consna%;ﬁd inchigde the following:

» Catastrophic release of fuel or the additive packagei*%urmg pipeline, rail, or truck

transport into Califomia. Rc]eascs’? g ﬁ'eshw%%r,and marine environments, as well
as soil and air, should be consndereﬁ? =

= e

* Catastrophic release of fuel or addltlvgg)ac ,' '

o

(3 ﬁ'@}ggan underground storage tank.

* Slow release of the mox ﬁicd-fﬁi or addlﬁvc package from an underground storage tank
should also be cons; sdered. _;’# B

-

* Release of fuel or adf?ﬁﬁve gyﬁka’gcﬁﬁomfa ’bulk storage container at a production or
mixing facnh

 Ozone Prccursm‘s mclydmg exhaust emissions, cvaporatlvc emissions, and other
emissions that 7 may rcsult 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 prodaction 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, _

«  Storage (includes large bulk above ground as well as small&sb

* The compatibility of additive and/or product with storag

» The extent of anticipated use,
* Normal vehicle fueling processes, and

and use and small routine spillage.

Off-normal releases encompass fa.ll ration crashes and ruptures of
containment vessels. The normal an e scenarios should consider all
possible media to which theSpFaposec gay b:; T cased including air, ground water,

surface water, and soils. £F =& =
If there is a histo

been previous life cycle
studies should

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

its that may be associated with a release,

Risk managemen ptlons for that type of rclease

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 Maragement 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, transpo tion, disposal, treatment,
reduction, cleanup and emergency planning. DTSC would prct t that the plan demonstrate
that applicant has considered the preferred hazardous wasté‘ﬂncrarchy, in descending order,
of 1) source reduction, 2) recycling, 3) treatment, and 4)%3%}&531 The application must
explicitly state if there is no hazardous waste generated in all processes and scenarios. Waste

management issues that should be considered mcll.u:l? -

3-"-1

+ How would a release of the modified fd respond, to standard&petroleum cleanup
technology and strategies? Would the modﬁ?‘ fuel bé‘"fas:er or harder to cleanup?

» If a spill occurred, would the contaminat %@ﬂs be a hazardous waste? If the
contaminated soil is a hazardous waite Jwhat is 1ts'qur0pr1atc management? -

e What hazardous waste is gcnerat%l anufactumng process of the components of
the additive package or the modifi el? ,

: ,;ax
+ If the additive packagesGp2the mo bﬂr el were discarded, would the waste be a
Resource Conscrvatlonrand i:covcry t (RCRA) hazardous waste or a non-RCRA
? ﬁ%at wouldﬁ)e the ap {opnatc management of the hazardous waste?

=

Estimates of Exposu r€P’o

In the first. tier; for. propoSed fuel or fuel components that may be released the applicant
should provxdc cstima’[cs of the: ‘expected environmental behavior (transport and fate), and
ecosysterfizand human cxposure potential. This evaluation will also include an estimation of

the hkchhgegﬁrof occurrente; for each release scenario and the basis for that estimate. The
expected cnwrﬁnmenta] bcjlawor can be obtained using screening-level fate and transport
models with chcm_cal puemes identified above as inputs. Environmental behavior should
be assessed using keygc"lease scenarios. Potential for ecosystem behavior can be based on
long-term average coficentrations 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
harmful 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 II and Tier III. As noted above,
one widely used approach for such studies is Life-Cycle Assessment (LCA). In particular the
lifecycle 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 2 Work Plan to Identify and Ju Risk Assessment
Elements and Issues

t then proposes and
asis for the Multimedia

following:

ent; chemical formula {or similar
emical and physical properties.

* Hazard characterization - Name of the har
structural identification); relevag
Properties that make it potentially¥

- hation on the toxicity of the fuel

* Toxicity assessment - Summarize &
srevidence of harmful effects. Report

constituents. Discussion g

At ecological expesure - Describe scenarios for
nEAlE of material released. Use screening level

to applicant outlmm ts 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 MM WG 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 II comprises further data collection and the
development of a Risk Assessment experimental design. Tier II concludes with the
preparation and review of a Multimedia 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 protocg fror of conceptual model
construction for the priority processes, for which appropna echnical materials should be
consulted. :

g:-? "ﬂ?_;;g
A. Background to a Fuel Risk Assessmentﬁpenmentﬁé}emgn
Comparative Risk Assessment of Release Scen‘aﬁ)s §

%mr I Work Plan and provide a
ie baseline fuel that the MMWG has

s Plan. Release scenarios of greatest
basedasn the likelihood of adverse 1mpact
bloase stenarios must be included in the
xpcnmcr_rtal -'I{ﬂcmgn—'*li' fie conceptual model assumptlons

The Risk Assessment Design should be basgd onf
comparison between the proposed fue] or additive™
agreed should be the basis for compafison i in the
interest will have been identified in theWe

. or occurrence. The examination of thB-* rltlc
proposed overall risk impact

env:ronm_g_(n’ta‘l media, dl‘ffcrent sparsc and time scales, and different types of populations. In
contrast io‘:%;;thc smgle-m%"ﬁaum paradlgm for assessing impact, a multimedia approach,
requires thc%assessor to loc%e all points of release to the environment; characterize mass-
balance relatiGnghi hips (c%? between sources and sinks in the environment); trace
contaminants thr%*'}l 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 fue! 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

prospective analyses of impacts from new chemics
between health outcomes and various chemical usEs?

and reliability of their model
s, the applicants should go beyond
just presenting the models used and res# #® They should also describe their
process of selection and model crform % Bt a minimum the applicant should
deseribe the-questions to-he&uar y-ngemels, the conceptual model, and summary details
of the model applicati ' i put how simple or complex to make a model in
order to address the g

e an appropriate quantitative framework to evaluate our
eractions between chemicals and the environment. The

heory and data while also including sufficient fidelity to the real
system to make \gdgble classifications about the source-to-dose relationships of
environmental chemicals. In Section D below, we outline strategies for using multimedia
assessments in a life-cycle based comparative risk assessment.
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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 consideg unconventional routes of
exposure due to multimedia partitioning of fuel or additiveonents These additional

routes include oral ingestion in contaminated water or fgoHs and dermal absorption after

‘-}-;

contact exposure. Risk assessment of fuel additives shouid~alse Behclude consideration of risk
from any impurities likely to be present in the additive compon?;ig_ ;at a concentration high
poss:ble exposure

i

enough to involve significant potential for hmgih“ exposure in
scenario.

“I‘q—— st &

-*5;
There is an enormous variation in testmg*zggiy :

lyzrequired of new chemicals in the
U.S.A. mainly depending on which law or statutts icy are regulated under (the Federal
Insecticide Fungicide and Rodent:c:dq@%{FIFRA] '@S,EPA Toxic Substances ControkAct
[TOSCAY), or neither). Such “testing’ may-zange from “tmacology by analogy”, that is, non-
testing based upon structure-activity ar CHE%“}%!{ tinie” testing for carcinogens in both
sexes of at least two mammalian sPecne g“ lntc‘matlonal agencies have also developed
minimal testing protocols:fi’er n&g; chemitals or new formulations that involve substantial
possible exposures, and-%c have “b;een gmafa:l in our recommendations by these suggested
testing protocols. We-\mll lndLGB. ome ‘rypu:ai requ1red test protocols then try to make
recommendations as to whc e

2 ¥
3. Acute inhalation toxicity

4. Acute dermal irritation

5. Acute eye irritation

6. Skin sensitization

7. Repeated-dose 28-day oral toxicity study in rodents

8. Repeated dose 21/28-day dermal toxicity study

9. Rodent oral toxicity: 90-day study

10. Non-rodent oral toxicity: 30-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 volygise

It seems reasonable to consider the majo;
their combustion/degradation products as eithe
acute high dose contact exposure dunng a cata

* suggest that minimal appropriate te
tests # 9, 11, 13, 15, 17, 19, 22, and
study: 90-day study, Inhalation toxw: ‘
study, Toxxcokmetlcs Neuro pxici

dose exposure in air or water, or
¥elease. The former scenario would
ent in an additive package include
atity: 90-day study, Dermal toxicity
fergeneration reproductive toxicity

P Ames test, and multiple genetic
ormed-on either the individual components of
package (provided that the composition will
stmg should also be performed on the engme

emissions after combuSiy B! peontaining the additive. Combustion emission
analysis should : “new fuel mixture with and without the additive
package so gize obtained for each proposed additive formulation. The
rationale f@pthi Wit the additive may change the emission characteristics of
the base r of for the worse.

The catas cenario (see Section VL.A. above) would require that minimal
appropriate testi ghFtomponent in an additive package include tests # 1-6: acute oral

toxicity, acute derrigli Bxicity, 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 centain a power calculation for each test. The calcitlation
should demonstrate that the (proposed) number of replicates performed at each concentration
level 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 11 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 no “ﬁn performed. This is not
appropriate for proposed diesel fuel additives because theré€s no scientific validity to this
approach of "toxicology by analogy”, and there is a lot:® 53%;111 the literature suggesting
that QSARs do not necessarily make accurate predigtions of coniplex biological outcomes
like toxicity. rE

ible incremental carifiogenicity or other

Fr

]t might seem reasonable to discount any b :
toxicity of additive components to new fuel formfulation{additives which, after all, will dilute

the carcinogenicity or other toxicity of the origﬁﬁ%ﬁ?@nmimmm). It is ultimately a.risk

management decision as to how muchzapparent toxicig, based upon the test results obtained,
is acceptable in a new formulation oﬁ_iéi; e fuel 1Sglf contains many components with
known toxicity. However, we must consider thats 't{.:ringi’i%e combustion conditions for the

diesel fuel may in itself increase the riskZForgXampleaadditives that reduce NOx emissions

. TR, AT ; . .
by lowering the combustion=t¢mperaturgor altering the size of fuel droplets in the
combustion zone may gi¥e rise f5inew o%n%dditional products of incomplete combustion
(PICs), which are like{_;é' to be qa;;__-gn_ogcns,?:a;gd which may be released to the multimedia
environment. Thus, wetrgquireisidesbyzside festing of combustion emissions from the new
fuel with and witheut addiﬁ;!i{ * Chemical characterization of the combustion products will
demonstrate 4Ry dltération of'¢mission profiles. Quantitative characterization of specific fuel
combustigzproducts ?w’@f‘lﬁj&ancf%ﬁgg_ghout additive will suggest additional compounds that
require to¥dgity or genotc%"?;ity/cﬁ?cinogenicity testing on a case-by-case basis for various
additive foﬁ%agons. =

1

Taste, odor and &elor 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 promulgates National Secondary Drinking Water Regulations
(NSDWRs or secondary standards), which are non-enforceable guidelines repulating
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-Butyl 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
ug/L. The goal of related tests is to identify the possibility that a reformulated fuel would be
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. 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 21208 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 concentirations in many cases, thegg tests should serve only to
alert prospective fuel producers to potential problems with respst to these parameters.

Ecotoxicity

t both of these ecosystems could be
four subgroups, freshwater pelagic,

covered because release scenarios offer the possibi
exposed. The aquatic environments ag
freshwater benthic, marine pelagic, 4
subdivided into warm and cold water
marine habttats in Cahfomla are cold

AL either naﬁveioCahforma, orthat have a long
®which a considerable toxicity database already:
rage of both freshwater pelagic and benthic,
Jiatretposure scenarios. Tests are further selected
ldlty and Uscfulncss Elements of practicality

limitation
reflected in tihe agiiical and ecological representativeness, the relevance of the

exposure route an
compatibility with stdi€’ regulations, and the relative sensitivity exhibited in the data. Details
on these individual aspects are given in the Appendix D.

Toxicity tests should be performed by first completing a dose-ra.ngc 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.

Additive 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 soil and sediments may be important reservoirs for various constituents of
additive packages after airborne releases. Given that other unregulated 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 fﬁtion, measurements would
be needed of specific additives and/or surrogate compounds during an emissions testing
protocol. Once emission rate data are available, then thﬁ“ﬁﬁtg comparisons can be made
between the new and baseline fuels. Note: We shgu_lﬁrobabﬁf{sepecify a program of re-
analysis of impact after some period of legal usgihre. At a mitEmum this would be a
compilation of “accident or spill” rate, and an nalysis of any rep%?_f:d consequences to
ascertain whether the initial assumptions werc‘ﬁ‘iz:ﬁmpriat— '

When the additive package components arebieriﬁed with fuel, the mixture may, act
similarly to chemically dispersed oil ifireleased to aﬁ%%iﬂggatic environment. In its evaluation
of oil spill dispersants, the National Academiy,of Scientes,(NAS 1989) noted that, for those
that'in general, the acute toxicity of
dispersed and untreated oil arg similar. SFhisdidicatesethat for these surface-active agents,
there do not appear to be ad_%%r synetaistic effects on aquatic organisms upon exposure
to the fuel-dispersant __;_f_g‘?'—e. E%polatin%‘glis conclusion to a spill of modified diesel fuel
may be appropriate, aﬁi’bugh wg@ not ha?"?‘__é_.%ﬂ;pcciﬁc data to support such a conclusion at
this time. However, th&NAS:{19892Epurt also pointed out that chemically-dispersed ol

slicks can affegt =diﬁ‘crcﬁf§anisms than oil (fuel) alone. Surfactants and dispersants
. e e =L . . .

released in cghitfnction;with fiel.hydrocarbons to aquatic environments have the potential to
alter the distribution ofispilled™fitel, and thus alter the group of organisms that may be
adversely<affected. Fuel-Sirfactant mixtures can be expected to partition deeper into the
water coluninzthan fuel relsised alone, causing relatively greater exposure to organisms in
subsurface waterSs, This siigests that the actual impacts on aquatic species from a spill may
well depend on theitimifig 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 diese! 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 pgiliitant in the first organism
exposed in the environment. Biomagnification is the ipgfase in concentration of the
pollutant in organisms in higher trophic levels. Bioaccug@gidion does not always result in
biomagnification. The potential for biomagnification 4 n of the mobility of the
pollutant, its half-life in the environment, and its ility i measured by K., the
octanol-water partitioning coefficient). Compounil :
high Kow tend to biomagnify in the envirqais
becomes problematic from a toxicological p :
pr0perties While many persistent, fat soluble iinds may have low acute toxicity to
organisms in the environment, chronj
important. Understanding the bioad

One particular reledse SaRCsy
incompatibili it] mponents or blended fuels with intended storage and
disfribution 2 terials include extant surface and subsurface tanks with
Byel systems intended as part of the new fuel distribution,
gnks. Attention should be paid to characterizing the risk of failure

22 materials under exposure to the new product. To some degree

) An be indicated simply by knowledge of relative chemical

differences betwediy erence and new fuels. More sophisticated experimentally-based

investigation may bc¥ndicated as part of Tier IT 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 I.

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
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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 phasc liquid (NAPL) enters and
migrates in the subsurface, and the rates of partitioning, to tl“%‘?apor phase by volatilization
and to the aqueous phase by dissolution. Partitioning procgsSes are discussed below; in this
subsection we focus on the processes of both fuel phase % € angransport and aqueous phase
fate and transport with the latter subdivided into fgﬁnsaturatcﬁ;;zonc and saturated zone

processes. i’"ﬁ"g:‘“"

Fuel phase (or pure component phase) flowfand transport in the sﬁ%ﬁrface refers to the
occurrence, transport and distribution of non-agiégus phasc liquids (NAPLs) associated with
a fuel or fuel component within soils and other n%‘ai orous media subsequent to a release.
The processes governing NAPL fate m¢ﬁansport m,subsu_rface environments comprise the
physics of flow of immiscible fluids? & zaiBear, IQT%apter 9). The physics are more
complicated for two-fluid (NAPL and W, gler, d airzwater [aqueous solution] and air)

mixtures and even more complex for threa-ﬂuiﬁfﬁlms However, useful information can
be obtained through cxammﬁ\gei basm GpCTtlBS of the fluids involved within a reference
porous medium, espec ly in thg%contex ‘zof relative assessment. Also, simple column
infiltration expcnrncntsscan be us"‘ful for assessmcnt of relative rates of entry and motion of
NAPL into partly saturat@and%ﬁiﬂy%ted?orous media.

(DNAPL) 'and .that w1th dcn51ty lcss than that of water is called light NAPL (LNAPL). From
experience wltg%gnman‘l;)ggasolmc and oil spills on ground surfaces and subsequent
monitoring it 15"%1 Jaaewn that DNAPLs percolate vertically downward through the
unsaturated zone 10" c%zéter 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-termm 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
system of water and NAPL in a porous medium, a small contact angle (a sharp angle between
the agueous-NAPL interface and the agueous-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 residualgNAPL in a given porous

", contamination of ambient

case.

3
sle,

Furthermore, wettability considerations explaiby “hystcresn 3
conditions where infiltration of a NAPL is foll = by water-ﬂoo

s surrounded by smaller pores, for
difficulty in remediation of NAPL
fants to the aqueous phase has been

enhanced entrapment of NAPL “bubbles” in ,
instance, and has been indicated as agimjor factor
contaminatcd subsurface. For instancs

roposed and*refcrcnce fuels- is critieal to
in the subsurface.

properties under consideration of multiphase
experiments can illuminate relative rates of
as differences in residual phase (bubbles or lenses). While
' _,- studies is beyond the current scope, some basic

In addition to cof
flow in porous mcha,
infiltration and&Hnk
the elcmc 5

a variety 0O i '—’1} ents Ilkely to be encountere.d in the State. The scale of the
85f enough to eliminate edge effects and to allow average porous
patrol the fate and transport. This constraint translates into the
column diameter 2 ngth being significantly larger than the “representative elementary
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 homogeneous 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 govemns
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, insthuch the same way that the
fuel-phase fluid properties dictate NAPL fate and transport irifhe multiphase case described
above. Thus the unsaturated flow problem can be viewedasagtyo-fluid simplification of the
three-fluid problem above, with the aqueous solutlom:iwhogé@ropcmes depend on the
concentration of solutes) being the fluid of concern a8t is considerethe primary vehicle for
contaminants to reach the saturated zone and thergb¥become avmlaﬁﬁgater supply wells.
Although the air (or vapor) phase is usually cefiSidered thessecondary veKicle its role can be
significant, especially if the vapor phase develofis a h;@ concentration of fuel component
such that density effects incur transport. The relafive significance of vapor transport. is
determined in part by the relative magglgldes of thé‘;r‘%piatlhty and Henry’s Law partitioning

coefficients, and the density increase m%é—va;%ﬁ%m %=

In addition to the aqueous phase fifiid p
contribute to the infiltrationgprecess, buis %ﬁ a comparative risk assessment the primary
concern is the relative cﬁéﬁ thegwater Stlution properties of viscosity, interfacial tension
(hcrc between watcr/ﬁléﬁzmponcnt solutior T2ind air), and density. Chemical solutes present
in the aqueous phase camchang EEeac "0£ eSeT asic properties with significant outcome for
water flow and tl'ansport?a’ 3 i Fassessment to some degree can be addressed by
computing reJatwc' t | fluid mobilities and capillary pressures within the context
of ideal conceptual mé"dejs f iltration such as steady-state vertical flow under a unit
hydraulic® adlcnt

g
skthc porous medium properties also

] unsaturated flow is the effect of capillary forces on residual
water content aﬁer passagc;)f a moisture plume, and on such transient conditions in general.
As described above ﬁic 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 wefting, 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 guestions 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 treattnent) 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 fransport are

contribution to solution density, and diffusion coefficient. Thesggontribute to density-driven
#is"NAPL case, density-driven

is greater (downward velocity) or lower (upward velocy
provides for entrapment of solute in low-permeabili ateri ent either in well-mixed
or poorly mixed subsurface environments, a :

strategies.

Partitioning and Sorption.

Revised fuel formulations can neg tively i impad er quality in several different ways.
The most direct and obvious possiblg constltuents (e.g., fuel additives)
that were not present in the reference :

poten dl impact of the reformulated mixture
humans or aquatic organisms, for ‘example) to

hazardous substances - ggent in bdM the reference and reformulated fuels. This
second type of effect i Preasons .
» Altered paritiguing SEP constituents released to the environment will be distributed

among gg¥eral weayironigntal compartments including free-phase product (i.e.,

nonag NP1 s), dissolved in the aqueous phase, adsorbed to solid
phase’ imenis), or the vapor phase. Any change in this distribution
caused by br removal) of particular fuel constituents will result in altered
exposure to¥ilg, mpounds. This change is problematic if it increases constituent
concentrations<} onmental compartments. that drive the exposures but may be

beneficial if it METeases 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 prbvidcd 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 groufidwater environments and,
consequently, has the potential to substantially reduce cxap\esure of humans and other
receptors. The potential for biodegradation is a functlgn :p e chemical’s structure, the
environment into which it is released, and the types af‘mlcrﬁ‘b al populations present. In
addition, release of these components may increasediman expostig,to reference fuels that

presence of newed el components may

would otherwise undergo natural attenuation. ThEsp

fuel because the new compounds may comp'rr eleGtron acceptors (oxygen, nitrate) or
because of metabolic interactions (inhibition, toxnmfyggsec below).

Assessment of biodegradation potenTmL verv 1ew ““{d;e rcqmremcnts for blodegradatlon
testing of new chemicals vary widely anion e :

Many international agencies have pubhs Bd tc

extensive set are those published; N
European Economic Co unityfﬁﬁ-lo an e Umtcd Nations). Other approachcs include
those of the EC and ths S EPA.

We summarize te mtccejgﬂ%tcuas'mgipnmarﬂy on those recommended by the OECD,
and then make rccommcnﬁs%(m“ﬁs based on this framework. Most of the information included
here is deriv om bllca s of the OECD (OECD, 1995) and the ECB (date?).

The ap roach for blO cgradatlon testing adopted by the OECD is based on three levels of
testing that*"arc categorized-as follows:

1. Ready bmdcgradablhty, or screening;

2. Inherent biif» _‘egradahllty, and

3. Simulation of'en‘mronmcntal compartments (e.g. aguatic, 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 ppt be possible to isolate
biodegradation potential independently but instead one maugB€ looking at the effects of
muitiple environmental fate processes. Also, given thal itiple environmental factors
(temperature, pH, soil organic matter, presence of pth
biological factors (types and numbers of microorgani" al

set of experimental conditions to another

Some of the requirements for an acceptab

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 mulitimedia
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-I, we recommended the use of a Life-Cycle Assessment (LCA) Process that includes
basic information on the likely level of hazard, but at Tier [i&his process is expanded to
include more information on exposure, toxicity, and risk. ation at Tier I includes a list
toxic chemicals released at each stage of the fuel ki any measures of toxicity
available for these chemicals (LD50, cancer potcncyﬁetc) ‘%matcs of the approximate
magnitude of release, and identification of the envifBhmental me‘dmm likely to receive the
release (air, surface water, soil, ground water, ctci)ﬁ‘ﬁ contrast to thlS Screening approach, at
Tier-1I the goal is to systematically include infonation about the potential effects of harmful
emissions and resource demand so that the' ﬂllmf and the MMWG can make a
comparative risk assessment for the fuel or fuel additive relative to agreed upon comparison
fuel. The LCA approach can be extendéd:fo a comparatwc risk assessment to make these risk
calculations. In particular, the l:fe—cycl““b“" sessmtﬁ’m(LCLﬂx) within in LCA provides a
systematic process by which emissions dig eva ;and u?‘férpretcd with regard to potential
life-cycle health and environmental 1mp%%ﬁ s TOIASis an important input to the Tier-II
analysis and is an lmportai'ffﬁgarffgaf evalaaling potential release scenarios and identifying
those that pose the grea‘fé" t hazarﬂ_iA nsk’%alculatlon based on LCIA methods is outlined
below. :

- e
a—, re-zl-._ _.(}"r’

A variety of enwron_men?aﬁ{l mpa ‘ﬁalcators and associated indicators have been
EQET

developed arétj;noremntmue‘io be used as LCIA rncthodology evolves. LCA practitioners
and developgrs arounida) the ward continue to explore and improve impact assessment
59y. Further deSgription=of life cycle impact assessment methodology, including
discussion nn;\what is an?gls not LCIA, can be found in a report of the Society of
Enwronment&l"ﬁoxmologymd Chemistry (SETAC, 1997). The scope of an LCA typically
does not allow {6 “i"”a_fuL ale site specific risk assessment. But in the European Union and

the US EPA there 5% ﬂésprcad use of LCIA tools to make comparative risk assessments.

A toxic cquivalcncy potential (TEP) is a heterogeneous LCIA metric that addresses
potential impacts from releases of several chemicals into a number of environmental
compartments (Hertwich et al.,, 1997, 1998, 2001). TEPs provide transparent representations
of actual processes based on primary atfributes. 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 5 is presented as the product of
three factors:

S =MIE™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 ecosystern or human, air, soil, water, food, etc. Jdfforder to obtain the total
impact score within an impact category for all emissions in ctional unit, life cycle or
life cycle stage, the individual impact scores are chemicals, compartments of
release, and media of exposure: -

5= 3

im

Uncertainty and Sensitivity
calculations requires model
2Fthe degree of uncertainty in the
caswgamodel complexity, providing 4 more
blmg_mom_data,ihrough field studies-and -

experimental analys:s g@ssessment predictions arise from a number of

sources, including ru {
estimation of input val
of these, only ,

analyses are powerful tools for assessing the performance and
As applied to mathematical models, sensitivity analysis is
quantification of in model outputs as a result of changes in individual model
parameters. Uncertaitify 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.

reliability of

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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* Wil 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, ultra-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 prganisms responsible for
biodegradation of the hazardous compound(s), (ii) prefcrcnﬁﬁ}use of the new constituent
as a carbon or energy source by degrading populat_ip*ﬁ% suppressing or eliminating
degradation of the hazardous constituents, (iii) alteratiéfi®fithe 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 l;.gjgifé%mponent as‘E‘of;mpared to existing fuel
specifications or for the new components in*he modified fuel that.are not already in
existing fuels (mass balance)? 2 A )

* Will daughter products be produced du?%&;_ﬁ%ﬂ environmental transformation
processes and what is the hazard agsociated withhgse daughter products?

* What will be the impact if a3rel ?aﬁ?@s%%ni:ﬁ:‘%with existing soil/groundwater

contaminated with petroleum hydrc%bons-’f rffue) additives such as MIBE or Tert-Butyl

Alcohol (TBA)? Specifically, will mﬁ?%nggjﬁ‘?éd‘%%nobinze petroleum contaminants in

soil or groundwater?

e
ST T

The end products of {é‘éﬁe a RISk Assessment Design report and a Tier I peer review
report with W@@gro?ﬁ%{hc Tier I peer review report will define the steps needed to
revise the R5§E Asscss%%xt Design that will be executed to prepare a Tier III Multimedia

Risk Assé;s:% ent 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 MMWG 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.

y be encountered with each
in this section will focus
“inal Report and Tier ITI Peer

Due to the level of specificity and uniqueness that will like
newly proposed fuel or fuel component, the guidance offe
primarily on the general information and format needed fo -
Review. -

It is anticipated that applicants may be eager

MMWG or the TICI’ III Peer Rev:ew 9
or uncertainties have not been properl :
multimedia process that were, roduc i afp

thi 1d result in expenses during the
gal expenses that will be needed to

‘ be submitted to an independent external peer
need sufficient information to understand the steps and

agreemen d during the movement through Tiers I and II. There
should bé} that are devoted to summarizing

. comparison fuel

* F and release scenario assumptions and conclusions

* 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 resuits 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 fo water resources
* [mpacts to human health

* General environmental impacts S5
* Waste management issues
*  Cost-benefit-tradeoffs
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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
chaired an UC System-wide panel that advised the state on policj@s. with regard to MTBE in
gaso[ine His Ph D. degree is in Bioohemistry He maintains ':_ ttive research laboratory that

3 nf

KATE M. SCOW - Author £
Professor, Department of Land, Air and Water Resgliice iyersi alii@rnia, Davis.

ecology and contaminant fate and transport in soils anf@g&#undwater. Current research activities
orate in the subsurface, impacts of
ts of antibiotics on microbial
Foundation of Soil Science, an
gater. With academic degrees from
D), Prof. Scow is broadly interested in
es that contribute to the remediation of

ethanol on natural attenuation of pe
communities. Prof. Scow is also Direct@
endowed UC program that fund
Cornell University in Soilg8

organic contaminants mgiie subsurface, multimedia transfer of contaminants, transport and
transformation of pesticides, 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: hitp://www.calepa.ca.gov/

Cai EPA regulations; http://www.calepa.ca gov/L awsReps/

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

DTSC regulations: http://www.dtsc.ca.gov/l awsRegulationsPolicies/index.htm]|
DTSC fact sheet for hazardous waste generators:

(http:/www.dtsc.ca.gov/HazardousWaste/upload/ HWM_FS_Generater Requirements.pdf).

OEHHA regulations: http://www.oehha.org/prop65/law/inde:

WRCB regulations: http://www.swrcb.ca.gov/water lawﬁex.h
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Appendix C. EPA Guidelines for Human Health Testing

February 18,1998

S Submission to Meeting
of OECD Werking Party on Existing Chemicals
Febroary, 1999

HFY Chemical Human Health Testing:
Apimal Welfare Issues and Approaches

EPA ik motmting 2 very extensive progran m oleain isxicolngical screening information on
chesuicak of High Production Volume (HPV), that i, substances produced in excess af | M Efyear.
Current infarrmation indicates that there are about 2800 chemicals with that designation. Varices
panies kave noted that if each chemical i the progTam were to be testad for sack of the Bmman heaith
effects tests, a barge pamber of animals would be employed. e rocognikion of these concerns, the
Agency has given thonghr o the issae 2nd is developing a sirstegy  reduce animal use while sl
gencrating pesded hizh quality health sformaion.

Many different paths are being imvestigated 10 ensure fe minimization of animal osage asd
opiimization of procedores for those aninmls that g0 into test in the HPV testing program:

L. Decreasing chemicals puing intn test

2 ' Indostry will determine whether adequate information on chemicals
aleady exists for the varions endpoint. We do pot want to retest chemicals

b EPA hus released 3 dats sdeqnaey doorment wiich provides guldancs
an making such detorminations. EPA is also in the process of developing
suidance oh procedures for searching the literatine o otber sowces of
existing information.

€. Both the OECD's HPV Program and the HPV Challenge is the
U.S. cocorage indusiry to develop categories of chemicals which can be
xsessed as 2 group. These caregories of related chemicals are expecied 10
share chemical and biological anribates, Instead of saining mformation on
. afl members of a.camgory, atempis will be made o identify testing
strafegies that will identify individna) materials which are representative of
the caizgory. By izsting the ientified individual omieriak, we should be
able t0 characterize the potontisl fate and effecrs of the whole categmry.
d.  Soodme-xctivity rlatioeships (SAR) wl belp 10 identify potentist
toxicitier and other effects of fndividusl chemicaks based oo Quantiiative
Smucture Activity Refationships (QSARs) or “read-across” (i 2., snalogue)
approaches

2. Minjmiring and eptimizing snimal nce in trsts

ARB/UC Borkeley
Agreement Number 06-409
Exhibit A, Attachment 1
Page 54 of 67

3/14/06

Page 54 of 67

DRAFT



3/14/06

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

The HPY testing prosram inclades soquisition of heakh effects data for chemicals on
acine mxichy, reprodoctive toxiciry, developmentsl toxicity, 28-dxy repeated doss toxicity
and muiagenicky. Muotagenicity dna requirsmnems can be folfiled with bacterial gene
mugion, in viro mammalian cyviogenetics (for pre-existing information) and in vivo
micronucles (Tor pre-existing or newly senerated information). Severa) opporiunities are
available 1o evaloate the role of animalk in testing and eosore that their use is being
appropriaely addressed.

a. Replacement of animal testing. In some cases we need not oblain
health hazard informatios m animals. Miragenicity esting can be fulfilled by
bacterial sysierns ¢e.g., Salmonelfa pens mutaton) and, in some cases. by
cyvingenencs i culawed memmslian cells.

b. Refinement of animal testing. EPA supports the employment of
federal and vohmiary measares o ensure homane care and upkeep of
Iboraory animals. In addition. we plan w0 wilize principles developed in an
upcaming document an hamane endpoins from OECD. This repart will lay
ou! signs of pain and stess in animals tha shoald be utilized in deciding when
10 lerminste animals in fest,

c. Reduction of animal testing. There are several opportuniti=s to
redoce the mumber of animals comminzd w est. Table 1 illustrares potential
animal savings for the case where some or all bealth effecis tests are

perfarmed on a chermcal.

(1Y  Acute taxidty. There are 4 acuie oral OXIcCity B8t
approved by OECD. In the use of the waditiona! test (OECD <01).
aboot 30 animak are employed to saeen for toxicity foliowing a
singls exposure. Three alerpative methodc either wfine or reduce
animal wsage. Dama from any of the acwme meathods may yield
appropriate information for HPV testing. Among the three aliemative
methods, EFA has identified s preference for (he up-and-down
methad (OECD 425) for the following reasons: it greatly reduces the
mmber of animals in comparison to QECD 3t (the up-and-down
method uses approximarely B animals versus 30 in OECD 2010 @t
gives a point estimate of the LDS0: and it vields information that can
be used o estimate the xicity of chemical mibiures in accordance
with the UN trxnspon classification system.

2} Reprodurtive and developmental toxicity. There
are separdle test guidelines for 1-generation reproduoction toxiciry
{OECD 415} and for prenatal deselopmental toxicity (OECTD 414
revision of this test is ongoing ar OECD). N separaie reproduciion
and developmental taxicity tests were condactad using current OECD
415 and 414 protocols. 320 apimals would be nsed. To screen for
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reproductive and developmenial inxicity and o redire animal nsage
I comparicon to the separate kst gukiefines, EPA recommencds use
of 2 combined toxicity prowcod (OBCD 421) for the U.5_HPY testing
program.

t3)  2Z8-Dayrepeated dosetideity. Instead of conducting
2 stend-shone 28-day ocal ioxicity test (OBCD 407), the endpoims
coverad by that gmuideline can be combined with the
reprodaction‘deveiopmental Loxicity screen imn OECD 412 with no
increase in nomber of animals over that used in OECD 421.

(43 Mammafisp micronacleus. The madithna in vivo
micrunucieus test is pesformed ey 2 sexes and a copoument posinve
and nagative control. EPA is exploting the idea of Bsing at Least the
males from OBCD 422 for alf but the positive contral, Females may
peed 1o be dosed separmely.

(5}  Qverall animal savings. By selecting specific est,
there contld be a significant savings in animals committed to test i the
HPY program_ If the traditional acuee, meproduction, deveiopmenmt
and 2R-day repestsd dose loxicily studiss amd the in vivo
microandens et were separately empioyed, 3 mxa) of 440 migmmly
might be nsad By using alternative and comshined (st protncols, the
nurnber of animals coakd be redposd 10 1 1E, a savings of 322 aaimals
{>70%) per chemical. Actmally, (be savings would be greater becimse
mast tests employ dase sighting sudiss.
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Table 1. Potentiul rednctions ia animal ussae in the US. APY 1ecting program

Homan Heslth Toxicity Test (OECD #) Sample Dose Animal Savimes

Size Skxhtiop Compared tn

(spproz) | Sindy Tradifianal Test
(in bald)

ACUTE TOXICITY
01 Acote oral toxicity 30 hazd
420 Fixed dasc Y yos
423 Aose inxic chss L oo
425 Up-and-dowt B o 2
REPRODUCTIONDEVELOPMENTAL
TOXJICITY

160 you
415 Onpe-peneratios reprxductian waxicity
314 Terasoseuiaity 150 et
421 Reproductionteyclopoents] toxicity scren wot 220
2E-DAY REPEATED DOSE TOXICITY
407 Repeawnd dose 78-day arsl waxiciry C 40 yes
427 Combined repested dase wxicity xnd
reprodactivedde velopmencal soxboiry screcn B ¢ e 0
MUTAGENICITY
474 Mammalian arvthocytr micromclops 50 yes

. 2 sexes
422 Combined developmentsd toxicity screen with
micronucless lest for males; feroales may peed W yos 20
separsie dosine . 2 sokes
TUTAL ANIMALS REQUIRED
Vithout ase of redoction sirsicgies 440
With use of reduction straiegies 118

TOTAL SAVINGS OF ANIMALS WITH USE OF 322
REDUCTION STRATEGIES {> 70% reduction)

* same animals a5 would be used is GECD 421
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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 routinely use.d in ecological risk
assessment. As a result, regulatory authorities have developed a seiig
require during the process of evaluating ecological risk under a yé

There is an enormous variation in testing required of new cligmicagin the United States mainly
depending on which law or statute they are regulated ugder ecticide Fungicide and
Rodenticide Act (FIFRA), US EPA Toxic Substancegg ¥@&A), or neither). Such

activity arguments, to “lifetime” testing for & at Jeast two species. Many
international agencies have also developed mi Ereptable testing protocols for new
chemicals or new formulations that involye ssible exposures, and we have been
guided in our recommendations by the sugSs
U.S. Environmental Protection Agency, afifi

aory Studies, EPA 712-C-96-113, April 1996;

: 3 OPPTS@Edarmonized/850 Ecological Effects Test G
u1dehnes/Draﬁs/850 1000. Dt 5 peand- stability of the test material must be known for
the conditions ung _ ESE st ill take place The behavior of the additivc and its

componcnts mu5

e

oceurring dur_mg the tests m&!:%gm

*  With test orgaigp i place
* Using the same tes¥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), frials shouid 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 (¢.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 valie 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’

TAXONOMIC
GROUP

‘ Mesocosm/Community Test

J Chronic, short and long-term

rSubd:runic short and Jong-term
[ Atute, short snd long-term

Traphic level
- Prim. Prod.
- Herbivore

- Camivore _
- Dograder
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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 S Cell growth
algae) '
Lemma gibba (higher plant) Growth
Ceriodaphnia (water flea) Survival
Ceriodaphnia (water flea) Life cycle —
eproduction .
Pimephales promelas (fathead fevival (96 hr)
minnow) :
Pimephales promelas (fathead C Life cycle
minnow)
Freshwater
Benthic'
A Survival
SC 28,3542 day
survival
A/SC Life cycle test
(survival, growth,
emergence)
Marine pel :
A Spore germination
and growth
SC  Fertilization
Soca (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’®
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Eohausteria estuarius (amphipod) L A Survival
Mpytilus galloprovincialis (mussel) L C Bioaccumulation
Terrestrial
Triticum aestivum (wheat) S A Emergence,
growth
Brassica alba (mustard) S A Emergence,
growth
Latuca sativa (lettuce) ) A Emergence,
growth
Eisenia foetida (earthworm) L SC  Survival, growﬂl
! Spiked sediment, solid phase test F%%«
? Ampelisca is a tube burrowing organism; sediments must be,fmc -gzajned and should be of
similar size to the environment in the exposure sccnarlcig %;-—

These tests are a subset of and consistent with the Hﬁf§ Enviropmental Proféction Agency Office
of Prevention, Pesticides and TOX]% Sl;%ﬁ%xces (OPPTS) guidelines
(http://www.epa.gov/opptsfrs/home/guidelin.htm) deve?@pgil‘through a process of harmonization
that blended the testing guidance and rcquxrcments th”al existed in the Office of Pollution
Prevention and Toxics (OPPT) and which. -appeared in tlﬂeﬂO chapter I, subchapter R of the
Code of Federal Regulations (CFR), the Office of ‘E s_tnc:de Prsgrams (OPP) which appeared in
publications of the National Technical Infonnatlon:Scn?ieie’@\ITIS) and the guidelines publlshed
by the Organization for Econermc 'Qg opcrafmn-*and Development (OECD). The marine tests
proposed are a subset of %ﬂ%onsnstent with %& proposed under the California Ocean Plan
Appendix IlI, Table IH— http: /fmmv swrebea. gov/plnspols/oplans/docs/cop2001.pdf). It
should be noted that thc T§ér¢£quxrc"=‘*§5&f(’)x1clty tests for hazard identification in the
ccologxcal risk assessmcjt of Pe pcs‘t;c)dcs
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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 information (gf, modeling or estimation
approaches). For risk assessment purposes, a quantitative e i
needed and exposure information must be clearly linked to ghi
response rclationship. The steps in the tiered approach are

Assessment

sessing exposure for a chemical is to identify
vities for the chemical. This would include

such as compaiy ! r datahases, national databases, studies published in the open

ofiit s (c.g., for physical/chemical properties, fate, exposure
pasured or monitoring data, it is important to obtain all of the
nformation on data quality objectives, the sampling plan, use of
quality assurance salizaj ssurement of background levels, establishment and use of quality
assurance and quality Gunf#] 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.

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 ali 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
evalnating 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 environment.

Mitigation of Exposures: Process and engineering controls which used to control exposures

should be identified. Personal protective equipment (PPE).ghdt will mitigate occupational
S

exposures should be noted and quantitative estimates of c}gmiu‘lfé‘%mth and without the use of

PPE should be provided. & = N

—&5‘,—-..

- .
Documentation of basic data and information: Docfiment all meas “ﬁ;_,' ata, environmental
'@:
es=r

release scenarios, exposure scenarios, assumptions, aﬁ'ﬂ;cstlmatlon techniqu

be used to quickly prioritize exposures forﬁrthe:ﬁm;k

Approach: A screening level cxposure assE smcﬁé%ﬁﬂ\@gencrate a quantitative conservative
estimate of exposure. The scfSETin appre: generally involves using readily available
measured data, existing relea?“?‘;nd GXposure cstimatcs and other exposure related information.
thre conservatwc estxmafcs of expp:sure are ﬁnat avallable simple models, which oﬁen use

Suhat is usmg genenc assumptlons may assume that the exposcd
populations live, ncar %hemlcalrclcase locations.
é

The exposuregassessment shauid mcﬁ}de a characterization of the exposure estimates. Guidance
for charactenm‘gg cxposurc in EPA exposure assessments can be found in EPA's 1995 "Guidance

'-‘1

Step 3: Advanced Ex[i_fsn e“Assessment

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 assessmenifill not be an assessment of
human and ecological exposures to a single chemical across maggg#aCturing, processing and uses.
If the goal of the assessment is to identify safer substitute; articular use, the exposure

would need to be modified accordingly.

Exposure assessments may use measured data or &
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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

ey

Biodegradation is a critical process because it can significantly, 't the fate of a pollutant in the
environment. On one hand, biodegradation can result in mgﬁ:ﬁ%& elimination of a chemical
or, on the other hand, transformation of the chemigal into Efig_lgc harmful substance.
Biodegradability is not a fixed property of a chemic %%Ch as solubi'lii.ti}}_gr volatility, but is a

function of environmental conditions and the microbi: 'bapabiéiﬁties of a partigilar location.

=

Biodegradation is defined as the chemical altcratidoné%uy'mi’g?%rbial metabolic processes, of one

o

chemical into another chemical form. Biodegradalian” includes transformation (“primary
degradation”), in which the original chengigal is altered “Titn, another form of organic chemical,
and mineralization (“ultimate degradationZ), infgwhich the-Gfiginal chemical is converted into
carbon dioxide and other inorganic EGmpouBHSEHe.g. “nitrate, ammonium, chloride).
Mineralization is often associatedzwith the gr“%ivﬁf?mi B6fganisms, in which case carbon, and
perhaps other elements, ﬁom%mjﬁﬁg;gal chemigal are converted into microbial cellular material.
This possibility must be cqﬁ?%ered ifﬁodeg&ﬁf@ion is estimated by measurement of a product,
such as carbon dioxide, and.there may. not be a ohe-to-one conversion of the original chemical
into its product. With trans “thefe¥iSipbtential for formation of a new organic chemical
(“degradation product’) Xic or behaves in some undesirable manner in the environment
(e.g., more mobilé). Th is ciifical to identify the chemical structures of the degradation

=

products andgéx%sﬁppropriatc, bjecttiem to a multimedia assessment.

=TT

5

Biodegradationi®an also be coﬁéﬁled with the metabolism of second chemical, through a process
called comctaboltlsé%ﬁ“:gg whici;;i‘fonstitutivc or induced enzymes capable of degrading this second
chemical also can rafgformsfhe chemical of interest. Cometabolism often has no benefit, and in
some cases may be hatmftul to the microorganisms involved due to formation of toxic
intermediate compounds (_Tklexandcr, 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 biodegradation
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.

]. The European Chemical Bureau (ECB has identified exish
evaluation of the biodegradation potential of a che
recognizes that measured biodegradation potentia ant for multi media
assessments. Data should be reliable and represepgil: @pand time scales of
relevance, take into consideration sources andESe o arid reflect relevant
environmental concentrations (ECB). :

¥eovironment. The ECB

substances, and the development of test ¢ i yhritted to the Agency for review
under F ederal regulations. These Harmoni :

summarized in Table 1.
The Organization for F= Wand Development (OECD) environmental
i easure the potential for a chemical to biodegrade.
alled the “ready biodegradation test” or the 301 A series, to

dethe chemical longer and under different environmental

: §6E chemical of interest are used rather than the actual compounds to
estimate biodegradation pPeétential; 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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OPPTS Series 835 Test Guideknes
Exichag Numbers EPA Pu.
oPETa Hame %
Nurmbet oTs oFP CECD [ 7iac
Sertar B35—Futk, Transport sed Ti mhos Tesl Gui
Groop A—Laboreiony Tramspar| Tech Gaidefmes
51110 | A SIgE RO ot hone 95-298
B35.1210 Soll han st Ceomalogrepiyy 962700 none nhone PE-047
B35 1220 ang wof b 962750 one: 106 5043
Group B—Laborsiory Ablotic Trasstormalion Tec! Guicelines.
B2S52150 | Hychalysis ms & function of pH 7963500 |  none " 56-057
8352130 Hydrolysis &3 & anction of pH and lempeiatne T96.3510 none. nOnE -]
BIS2210 | Dirmct phoolysis rale in water by suniight TOEITO0 | nome none 96~060
B35 2310 Maimusn direc pholclysic [zie 0 a0 Som UvivisiDir spechogcipy 963800 hone. Aone V6066
Droup C—Laboredory Bitkogical T) Tost
&35.3100 Asrobic squabc biodegeadaton TG nohe BONE 96075
5253110 | Feedy bicdegradabiity 963100, | oo n 95075
X200,
T,
240,
X260
B353120 | Sealed-vessel carbon dicaide production best note none none P6-311
835 3160 Biodegiadabilty I saa water nOne o 306 97351
8353170 Shake Rask e-oway st L aohe o 05287
8353180 - blogradation test O none none [ =]
B35.3200 Zatn-Wellans/EMP A st ToE 30 o 028 95084
B25.3H0 Modlled SCAS kst 786, X340 ROt XA 905
B35.3220 Posous pol kest aone [T . 96301
25,2300 Soll biccegadation 7963400 none I0LA 96088
BI53400 | Ansembic biodeg sty of organic chemicals TOEANT4D | none oDl 05080
Giroup E—Tanzh oo Chemical Tesd
£35 5045 mm\summmmm T9545 none nonE 6-097
E25.5154 g adution in the 554 nong ROTE 96098
BES 5270 Incfsact phoAGiySiS SCsehing test Suniight photolysis ko waters comiaining (ssoived homikc sub- | 795.70 none hohe 6099
Sances

There is good documentation of the cffcctsw‘f Eturiil differences on biodegradability
gt ik Sar ong xylene isomers; mcthylbenzcnc (i.e.,
el 2]. In conclusion, the QSAR approach has becn
relatively successful withifis arrow gmups of Eficmlcals of similar structure (Jaworska et al.,
2003), but is not, as of yet. aibroad ;pfcﬂlcﬁ?c;toolﬂmat can substitute for measured data.
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BUDGET DETAIL AND PAYMENT PROVISIONS

1. Invoicing

A. For services satisfactorily rendered according to the scope of work and the terms, conditions and exhibits
of 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, Berkeley 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.0.Box 1436
Sacramento, CA 95812-1436
Altn: Accounting Section

C. Confractor, upon written approval by the State's Contract Manager, may rebudget funds for a cumulative
total of ten (10) percent or $25,000 whichever is less, between the major budget categories listed in
Exhibit B.

D. State will give consideration to rebudgeting requests, however; no rebudgeting in excess of ten (10)
percent and no rebudgeting of funds into the travel category may be performed without amending this
Agreement.

2. Budget Contingency Clause

A. Itis mutually agreed that if the Budget Act of the current year and/or any subsequent 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. f 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 liability occurring to the State, or offer
an agreement amendment to Contractor fo reflect the reduced amount.

3. Payment

A. Costs for this Agreement shall be computed in accordance with State Administrative Manual Sections
8752 and B752.1.

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 iotal Agreement cost until completion of all work
and submission to ARB by University of a final report (including computer diskette copy) approved by
ARB. It is University's responsibility to submit an inveice 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 to 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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PERSONNEL
TYPE SALARY
APPT. % BASE |REQUESTE| FRINGE
NAME ROLE ON PROJECT | (months} | EFFORT| SALARY D BENEFITS| TOTAL
0 0 8]
PERSONNEL SUBTOTAL 11,928 1,660 13,588
OTHER EXPENSES
GAEL 48
OTHER EXPENSES SUBTOTAL = 48
[LRAVEL
L TRAVEL SUBTOTAL — > 0
SUPPLIES & OTHER EXPENSES -
Supplies (ltemize}
0
Other (ltemize)
0]
OTHER EXPENSES SUBTOTAL > 0
TOTAL DIRECT COSTS : %] 13838
INDIRECT COSTS @ 10% . $ 1,364
PROJECT TOTAL $| 15,000
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PERSONNEL
TYPE
APPT, % BASE SALARY FRINGE
NAME ROLE ON PROJECT | {months} | EFFORT| SALARY |REQUESTED| BENEFITS TOTAL
0 0 1]
PERSONNEL SUBTOTAL = 41,200 5,739 46,939
OTHER EXPENSES
GAEL 165
OTHER EXPENSES SUBTOTAL = 165
TRAVEL
Transportation Cost Group Meetings to CARB Office 500
TRAVEL SUBTOTAL > 500
SUPPLIES & OTHER EXPENSES
Suppltes (ltemize)
Computer Software 300
300
Other (ltemize)}
Photocopy and Printing 32
Communication Costs; Mailing, Phone, Fax 700
Dave Rice 15,000
15,732
OTHER EXPENSES SUBTOTAL > 16,032
TOTAL DIRECT COSTS 63,636
INDIRECT COSTS @ 10% 6,364
PROJECT TOTAL 70,000




California Air Resources Board (CARB) Tesk 3 Pt McKone, Thomas
Project Title: Biodiese! Muitimedia Assessment
™ ARB/UC Berkeley
Budgat for UC Berkeley
Period: 6/20/07-5/31/00 Agreement Number 06-409
Exhibit B, Aftachment 1
Page 3of6
PERSONNEL
TYPE SALARY
APPT, % BASE |REQUESTE| FRINGE
NAME ROLE ON PROJECT | (months) |EFFORT| SALARY D BENEFITS| TOTAL
0 0
PERSONNEL SUBTOTAL 23,857 3,321 27.178
OTHER EXPENSES
GAEL 95
OTHER EXPENSES SUBTOTAL > 95
TRAVEL
TRAVEL SUBTOTAL 0
SUPPLIES & OTHER EXPENSES
Supphies (ltemize)
0
Other (ltemize)
0]
OTHER EXPENSES SUBTOTAL > 0
TOTAL DIRECT COSTS $ 27,273
INDIRECT COSTS @ 10% $ 2,727
PROJECT TOTAL $| 30,000

Centract Total $115,000
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Labor Charges for Universities and Other State Agencies

Cost justifications. Describe exactfy why each individual listed in the Budget Detail is
needed in this project (i.e., their role in the project), and why this particular person was
chosen for this rofe. Describe, for each position listed, why the specified rate is
reasonable or competitive. (Use additional page if necessary).

Thomas E. McKone, Ph.D., Principal Investigator, will contribute 23.5% overall effort. He
will serve as the lead contact between UCB and ARB and be responsible for all programmatic
aspects of the project. His expertise is in chemical transport, fate, and kinetics modeling.

Donald Lucas, Ph.D., Co-Investigator, will contribute 22% overali effort. He will contribute
reports and reviews. His expertise is in combustion science and environmental heaith science.

To Be Named, Researcher, will contribute 10% overall effort. Hc/Shc will be respon51ble for
helping with reports and evaluations.

Justin Girard, Computer analyst responsible for computer support and local area networks,
will confribute 2% effort during the project to maintain our computer and communications
activities.

Nancy Smith, Project analyst, will contribute 2% overall effort. She will be responsible as
fiscal manager of the project. She is an experienced and highly respected budgetary and fiscal
specialist in the School of Public Health. She oversees the day-to-day fiscal affairs of the
project and consults regularly with the principal investigator and co-investigators on
budgetary, fiscal reporting, and financial matters affecting the project.

The salary rates are the standard rates as approved by the University of California, Berkeley.
Merit and range adjustments have been calculated into the salary. .
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Cost justifications. Provide the Basis for the Fringe Benefit Rates. (Use additional page
if necessary).

Fringe benefits have been charged at the actual benefit rates. Per University policy, actual
benefit rates may be used when the variance between actual and standard is significant.

Other Expenses

GAEL Insurance: Per Univeristy of California policy, we have included costs for General,
Automobile, and Employment Liability, a mandatory charge for all non-federal funds. GAEL is
computed at 40 centers per $100 of total salary ($100,842 * .0040 = $403)

Subcontractors & Consultants

We anticipate a personal contract between the University of California and David Rice so that he
can play a key role in this project.

Equipment (itemize)

Cost justifications. Describe exactly why each listed equipment ifem is needed in this
project, and why the cost is reasonable. (Use additional page if necessary).

No equipment purchases expected

Travel and Subsistence (itemize). Use ppendix IV). NO FOREIGN TRAVEL ALLOWE!
' vl yofes . -

Cost justifications. Describe the purpose and duration of each trip and explain why the

travel is necessary. (Use additional page if necessary).

Ground transportation: Travel for PI and/or other investigators to meet with sponsoring agency
in Sacramento. Roundtrip between Berkeley and Sacramento estimated at 80 miles @'
£0.445/mile (state rate).

Electronic Data Processing (itemize)

Cost justifications. Explain the need for the expenditure and the basis for the costs.
(Use additional page if necessary).

We include the cost of expected software updates necessary to continue this project.



ARB/UC Berkeley -
Agreement Number 06409
Exhibit B, Attachment 1
Page 6 of 6

Photocopying & Printing (itemize)

Cost justifications. Explain the need for the expenditure and the basis for the costs.
(Use additional page if necessary).

Misc. Photocopying and Printing: Funds are requested to make photocopies of relevant articles
during Task 1 and various throughout the project period and to provide for reproducing the draft
and final report.

Mail, Telephone & FAX (itemize)

Cost justifications. Explain the need for the expenditure and the basis for the costs.
(Use additional page if necessary).

Mail: Funds are requested to support transmittal of paper copies of relevant reports and
documents to supporting agency throughout the project.

Telephone/Fax: Funds are requested to support communication between the different teams
involved in the project.

Materials & Supplies (itemize)

Cost justifications. Describe exactly why each item listed above is needed in this
project. Explain why the proposed cost is reasonable. (Use additional page if
necessary). Y3

Overhead and Other Indirect Costs

Cost justifications. Explain the need for the expenditure and the basis for the costs.

The overhead rate is 10% as per the California Air Resources Board, specified rate.
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EXHIBIT D

SPECIAL TERMS AND CONDITIONS

1.

Termination

A.

B.

Either party may terminate this agreement upon thirty days advance written notice to the other party.

In the case of early termination, the performing agency will submit an invoice in triplicate and & report in
triplicate covering services to termination date, following the invoice 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 shali be for all ARB-approved, actually-incurred costs that in the opinion of ARB
are justified, and shall inciude labor, and materials purchased or utilized (including all noncanceliable
commitments) to termination date, and pro rata indirect costs as specified in the proposal budget.

Disputes

A.

ARB reserves the right to issue an order to stop work in the event that a dispute should arise, orin 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 conceming a guestion of fact arising under the terms of this Agreement which is not disposed
of within a reasonable 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 resolution.

Amendments

ARB reserves the right to amend this agreement for additional time and/or additional funding.
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EXHIBIT E

1. 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 staternents 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 fo 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 Iast progress
report.

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

3. A brief discussion of work planned, by project task, before the next progress report.
4. A graph showing aliocation 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
repoit wiill conform to Exhibit F.

Within forty-five (45) days of receipt of ARB's comments on the draft final report, 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 Commitiee. Upon approval of the amended
final report by the ARB's Contract Manager, 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 Coniract 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 and
acceptance by ARB of the final report, report diskette, and all required data compilations.
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EXHIBIT E

H. Prior to completion of this Agreement, University shall be entitied to release or make available reports,

information, or other data prepared or assembled 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
submitied 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 fo limit the right of State to reiease information obtained from the University
or to publish reports, information, or data in State publications.

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 o contract administration.

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

Ownership of all Subject Data and copyrights arising from Subject Data shall 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 avaitable to the pubiic for public benefit, without license or
fee, any scholarly articles which are published from the Subject Data.

Nothing in this exhibit or Agreement shali 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 use of the Subject Data in pursuit
of scholarly activities in forms other than that in which they appear in Subject Data for so long as the
copyright is protected in such subsequent use.

3. Travel & Per Diem

A. Reimbursements for travel are allowed at UC travel rates.

B. No fravel outside the State of California shall be reimbursed unless prior written authorization is obtained

from ARB.
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4. Meetings
A. [nitial meeting Before work on the contract begins, Contractor will meet with the State's Contract

B.

Manager and other staff to discuss the overall plan, defails of performing the tasks, the project schedule,

items related to personnel or changes in personnet, and any issues that may need to be resclved before
work can begin.

Proaress review meetings Contractor 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 o 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 fo 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 fo 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; c) 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 dupiicate the title of the contract unless approved in writing by ARB Contract
Manager.

Spacing
in order to conserve paper, copying costs, and postage, please use single spacing.

Page Size

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

Large Table/Figures

Fold-out or photo reduced tables or figures are not acceptable because they cannot be readily 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.

Coler

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

Corporate Identification

Do not include 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 weli 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 Terrns, 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 titie page should include, at a minimum the contract number, contract title, name of the principal investigator,
confractor 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:
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This report was submitted in fulfillment 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 fist all the sections, chapters, and appendices, together with their page numbers, Check for
completeness and correct reference to pages in the report.

List of Figures

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

This fist 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. Materials 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 gquality 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 presented in tables, 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 appropriate, discuss how the results
compare to data from similar or related studies. What are the implications of the findings? |dentify
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 overstate or over interpret the results of the study. A simpie 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 thatis a
reasonable outcome of the study and is supperted by the resuits and discussion.

References

Use a consistent style to fully cite work references throughout the report and references fo closely related work,
background material, and publications that offer additional 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 identifying 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. Symbols 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
ptaced in appendices. If a report has only one appendix it should be entitied “APPENDIX". If a report has more
than one appendix, each should be designated with a capital letter (APPENDIX A, APPENDIX B). If the
appendices are too large for inclusion in the report, they should be collated, foliowing the binding requirements for
the final report, as a separate document. The Confract Manager will determine whether appendices are to be
included 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.



