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|. Executive Summary

As required by Section 43830.8 California Healtld &afety Code, before adopting new
fuel specifications the California Air ResourcesaBb (CARB) is required to prepare a
“multimedia” evaluation and submit it to the Catifiia Environmental Policy Council for
final review and approval. In general, the StateCafifornia needs information that will
allow an informed decision as to the relative mpglsed by any newly proposed fuel or fuel
additive to the State’s resources, human healthtl@dnvironment. New fuels or potential
additives must be evaluated not only with regardebtgine performance and emission
requirements but also with consideration of healtd environmental criteria involving air
emissions and associated health risks, ozone fammpotential, hazardous waste generation
and management and surface and groundwater cord@gomnresulting from production,
distribution, and use. The type of potential ad@i that will trigger an evaluation process is
a policy decision that is currently made by the titokédia Working GroupTo oversee the
multimedia evaluation process, the California Eowimental Protection Agency (CalEPA)
formed a Multimedia Working Group (MMWG) that makescommendations to the
California Environmental Policy Council regardindiet acceptability of new fuel
formulations that are proposed for use in the State

The purpose of this document is to set out for loehCalEPA and new fuel applicants a

set of recommended guidelines regarding how to agmbr, conduct, and review a
multimedia evaluation.

The key elements of the philosophy and approachthese recommendations are
(a) flexibility to address factors unique to eaalelftype and (b) a tiered process for
consultation and review using a lifecycle approd&tnsultation and review provide a means
for the presentation of information by new fuel poaents and feedback iterations from the
MMWG aided by expert consultation and peer revidw. address the need to provide
defensible information and scientific studies tlaat comprehensive, flexible enough to
capture issues unique to each fuel, and basedeoatite review and consultation, we
recommend a tiered process. In this guidance documve define three tiers during the
multimedia evaluation process, listed as followsnmarized in Section IV, and each one
detailed in Sections V, VI, and VII, respectively.

Tier I: Technical consultation and peer review gtablish the risk assessment elements
and issues

Tier 1I: Development and review of the risk asses#protocol for future actions and
reports

Tier 1ll: Implementation of a Final Multimedia Rig\ssessment and submission of Final
Report that is peer reviewed and is used as this lfasthe Multimedia Working
Group recommendations that goes to the Environn&uaticy Council.

The goal of the Tier | review is to develop a miljudagreed upon Work Plan for the
Multimedia Risk Assessment. Tier | begins with #pplicant bringing a summary report to
the CalEPA and ends with an agreed upon Work Rlgmmdceed through the next two Tiers.
The proponent brings to the MMWG a summary of whdnown about the properties and
hazards of the fuel as best as they can find asddban their experience and expertise. The
MMWG establishes the key elements and issues ofi¢eesion making process associated
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with the new fuel. Included in the summary presénte the MMWG are a summary of
regulatory approvals, background fuel informatiangd an outline of information necessary
for the Risk Assessment Protocol to be prepareshgldiier Il. The goals of the work include
the following basic comparative risk assessmentlaiedCycle Assessment elements:

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

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

3. Summary of the expected environmental behawangport and fate conceptual models
associated with release scenarios) of proposed dudliel components that may be
released, and

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

The final step in the Tier | process is the develept and review of the Tier | Work
Plan. The Tier | Work Plan is developed with inpad concurrence from the MMWG and
focuses on key issues that must be addressed iatdreTiers. The applicant must propose
the Tier | Work Plan elements and justify the pregumbapproach to the MMWG for approval.
This Work Plan serves to define the issues of tis&« Rssessment Protocol that is prepared
during Tier II.

The next step in the multimedia evaluation proéeske development and review of the
Tier 1l Risk Assessment Protocol. The protocol fioal risk assessment work is developed
by the applicant and should be consistent with texjs CalEPA risk assessment
methodologies. The proposed protocol methodologyessewed by the MMWG. The
applicant must propose the Risk Assessment Proteleshents and justify the proposed
approach to the MMWG for approval.

The Risk Assessment Protocol should provide a casgrabetween the proposed fuel or
additive and the appropriate California Air Resasr@Board standard base fuel. Protocol
elements should address the scope of the risksasses and fill any knowledge gaps that are
identified in the Tier-l Work Plan and include the:

* Role and use of models and surrogate chemicals,

» Approach used to address health and environmeantaldts where experimental tools not
well defined, and

* Methodology for integrating all media (air, watsoil, etc.) in the analysis.

Tier Il concludes with a Risk Assessment Protoeport that addresses all the elements
identified in the Tier | Work Plan. It should addsethe knowledge gaps identified during
both the Tier | and Tier Il efforts. The final praoct of Tier 1l is a Risk Assessment Protocol
report that will be reviewed by the MMWG and peeviewed prior to execution during Tier
1.

The final step in the multimedia evaluation is toempletion and review of the Tier Il
Multimedia Risk Assessment according to the agrgeah protocol developed through Tiers
| and II. A final report is produced for use as thasis for the recommendations by the
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MMWG that go to the Environmental Policy Councilhi¥ final product, as well as the
MMWG recommendations, is independently peer reviewe

The Tier Il Multimedia Risk Assessment submittdloald include a summary of
preliminary reviews and the risk assessment protapproved by MMWG through Tiers |
and Il. The final Multimedia Risk Assessment shoalso include an expanded analysis of
the release scenarios that pose the greatest tlrdaiman health, the environment, and
beneficial use of California resources.
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[l. Introduction

As required by Section 43830.8 California Healtkd &afety Code (see Appendix A for
internet links to codes), before adopting new &pacifications the California Air Resources
Board (CARB) is required to prepare a “multimedi@valuation and submit it to the
California Environmental Policy Council for finag¢view and approval. In general, the State
of California needs information that will allow amformed decision as to the relative risk
posed by any newly proposed fuel to the State’ouees, human health and the
environment. New fuels or potential additives mhet evaluated not only with regard to
engine performance and emission requirements st \&lth consideration of health and
environmental criteria involving air emissions asskociated health risks, ozone formation
potential, hazardous waste generation and managearah surface and groundwater
contamination resulting from production, distrilautj and use.

To oversee the multimedia evaluation process, thifdthia Environmental Protection
Agency (CalEPA) formed a Multimedia Working GrougMNIWG) that makes
recommendations to the California EnvironmentaldyoCouncil regarding the acceptability
of new fuel formulations that are proposed for wsthe State.

The purpose of this document is to set out for leehCalEPA and new fuel applicants a
set of recommended guidelines regarding how to agmbr, conduct, and evaluate a
multimedia evaluation.
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lll. Philosophy of Multimedia Guidance Document

The recommendations contained within this repovehaeen established through a set of
meetings between the University of California reskars and the MMWG. Through this
process, a philosophy to interpret and harmonieerédicommendations has developed. This
philosophy is largely based on lessons learned fodmr fuel review efforts—in particular
with ethanol and PuriNQ In this section we describe this philosophy. kKbeg elements of
the philosophy and approach in these recommendatiom (a) flexibility to address factors
unique to each fuel type and (b) a tiered processdnsultation and review using a lifecycle
approach.

A. Flexibility to Address Factors Unique to Each Fel Type

Each proposed fuel formulation brought to CalEPAdonsideration will likely present
unique issues that are difficult to fully anticipa detailed highly prescriptive guidelines.
Examples include custom aspects of product or @edimanufacture, transport, mixing, and
on-site storage requirements; particulars of naifetm and/or partial market targeting; or
potential co-requisite equipment modifications. Timiltimedia process must also be
applicable to emerging transportation fuels of filmeire such as hydrogen or fuels not yet
envisioned. To effectively address such a wide tspec of possible issues requires
guidelines that are both clear about what infororais needed in general and sufficiently
flexible to adapt to a broad range of fuel formwias and manufacturing/marketing and
strategies.

B. Consultation and Review

Consultation and review provide a means for pregemt of information by new fuel
proponents and feedback iterations from the MMW@edi by expert consultation. In
particular, within the context of a tiered strueturconsultation and review provides a
mechanism for comments to be given to applicantatatmediate stages of the application
process, rather than solely at the end. Becausappkcation process involves a complex
and potentially expensive set of activities, pravidintermediate review of the decisions
made in the design of the multimedia evaluation same time and effort for all parties
involved, and can allow applicants to focus on kesues and uncertainties during the
multimedia assessment.

C. The Tiered Approach

To address the need to provide defensible infooma#ind scientific studies that are
comprehensive, flexible enough to capture issuéguento each fuel, and based on iterative
review and consultation, we recommend a tiered gg®clIn this guidance document we
define three tiers during the multimedia evaluagpoocess, listed as follows, summarized in
Section IV, and each one detailed in Sections Vautl VII, respectively.

Tier I: Technical consultation and peer review &tablish the risk assessment elements
and issues.

Tier 1l: Development and review of Multimedia Risésessment Protocol.
Tier lll: Multimedia Risk Assessment Submittal,iBevand Recommendations.
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D. Key Assumptions and Benefits of the Tiered Apprach

There are several assumptions that support the ofise tiered approach. These

assumptions are based upon past experience ewglusiv fuels for California. The key
assumptions include:

Each fuel will have some unique features, bothemms of chemistry and potential
impacts, such that case-specific guidance can Fmdps effort and resources for
individual applicants. Without early feedback, agwnent runs a high risk of performing
unacceptable or unnecessary work.

Not all the information needed for impact assessmalh be readily available and new
fuel proponents will likely need to do additionakting. The proponent will not always
have the skilled staff to properly do the additiotesting and may need assistance to
direct a third party to do the testing.

The additional testing may be cost prohibitive frahe proponents’ view and the
proponent will want to know how much needs to beedm order to make a decision to
proceed.

There is a value in ongoing review and evaluatibtihe overall process.
Experience to date supports the assumptions albmal/pravides evidence for the inherent

benefits of the tiered approach. The benefitstiterad approach include:

The key issues and uncertainties associated witwafuel are identified early so efforts
to address these concerns are focused.

A new fuel proponent can better gauge “when to leatdand when to fold’em” during
the overall process.

Expert consultation is ongoing so the overall psschas few surprises at the end for
either the State or the new fuel proponent.
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I\VV. Background for California’s New Fuel Evaluation Process

In this section we summarize the multimedia evabmafprocess and the California
regulatory review requirements for new transpastatiuels including the proposed tiered
approach. Detailed guidelines for addressing thedsgand targets for each tier are given in
the three sections that deal specifically with eizeh

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

In the late-1950s, scientists began to recogrize tertain chemical pollutants were
capable of persisting in the environment, migratbegween air, water, soils and sediments,
and accumulating to levels that could harm wildafed humans. Prior to this time the field
of contaminant fate and exposure assessment wasemated piecemeal on assessing
chemical behavior in air, water, or soil as sepa@mpartments, but this paradigm ran
counter to the emerging realizations about the \iehaf chemicals in the environment. A
novel approach was required that described intersctbetween the seemingly distinct
components of the environment — the atmosphererobptiere, lithosphere and biosphere.
Since 1985 an entire discipline for multimedia assgent of environmental contaminants
has evolved and many useful techniques and modedlods have been developed.
Multimedia fate models are now widely applied foramg types of environmental
assessments.

A risk assessment is a systematic evaluation optbkability of harm (human disease or
ecosystem damage). The elements of a risk assessnwunde hazard identification,
exposure assessment, toxicity assessment, andhaskcterization. Hazard identification is
used to establish the possibility of harm throumtidological testing that indicates the likely
toxic effects of a substance—cancer, reproductareate, neurotoxicity, etc. The possibility
of harm can also be assessed through studies dbatify exposure potential based on
chemical properties. For example, persistence aatbumulation potential are properties of
a chemical that increase its likelihood of havingelatively high exposure potential for both
humans and ecosystems. An exposure assessmentes\gaurce/emission characterization,
environmental transport and transformation, andnases of contact, uptake, and/or intake
for humans or other biological organisms. A toxidissessment is used to characterize the
likelihood of harm at a given exposure and/or daseé typically results in a dose-response
model. The risk characterization is the processrgénizing this information into an estimate
of the expected level of harm as well as the rditgl{that is uncertainty and variability) in
this estimate.

A key element in the development of the risk assess issues is a conceptual model
regarding the behavior of the proposed fuel comptn@ the environment. A conceptual
model is a group of hypotheses that summarize ¢ggeanvironmental behavior (transport
and fate) of proposed fuel or fuel components. €hegootheses should be supported by
literature citations and field data as much asiptessThe uncertainty in the data supporting
a release scenario conceptual model will be vepontant in identifying any additional work
or research that will need to be performed and g&de of data that needs to be provided to
answer a specific question.
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Another key element in the development of risk nggmaent options is the appropriate
comparison of physical, chemical, and toxic praperbf the proposed new fuel or additive
components to a standard base fuel selected byitM@VG. Existing risk management
options may already be in place that are apprapf@tthe proposed new fuel or additional
controls may need to be considered.

The applicant must provide information about enwinental impacts at different stages
of the fuel life cycle (formulation, transport, stge, use, waste generation and management)
that can be used to compare to existing fuels @yr@adely in use. Laboratory or pilot scale
experimental tests, such as soil column comparigst for fate and transport in the
subsurface, may be required. The life cycle conspariof proposed and existing fuel will
help MMWG to understand the environmental impad thiintroducing the new fuel.

One widely used approach for such comparative etudiLife-Cycle Assessment (LCA).
The goal of LCA is to collect relevant informatiabout health and environmental impact for
the whole life cycle of a product, from the prodactof the raw materials to the ultimate
disposal of the product. LCA is commonly descrilasda four step process that includes (1)
goal definition and scoping, (2) inventory analys{8) impact assessment, and (4)
interpretation and improvement. As interest in LB#s increased, a literature and discipline
has grown in the area of life-cycle impact assess$r{ieCIA) (ISO 14042) (1ISO 2000, Udo
de Haes et al. 2002; Bare et al. 1999, 2000; Uddaks et al. 1999a, 1999b; Owens 1997).
An important consideration of LCIA is the categsrias well as the temporal and spatial
dimensions of potential impacts. With infinite tiraad resources, an LCIA could collect and
use extensive amounts of data to incorporate dhddinaracterize all categories of potential
impact and account for all life-cycle stages. Butaality there are time and budget restraints
that require the LCIA to restrict its scope to thest important aspects of a particular issue.
As a result one of the key goals of LCIA and thepmsed tiered multimedia approach is to
select the appropriate boundaries, scale, and tdvaétail required in addressing a specific
issue such as fuel formulation. In combination wathiered strategy, the LCA and LCIA
approaches are well-suited to address the compa$odifferent fuel formulations in
California. The suggested requirements and proesdaf the comparison are described in
subsection B as follows.

B. Summary of the Three Tiers of the Multimedia Rsk Assessment
Evaluation

The multimedia risk assessment evaluation includlese components or tiers. Each is
designed to provide input to the next stage ofdéeision-making process. This process is
summarized in Table 1 and illustrated in FigureThe process begins with an applicant
screening stage. This is a preliminary review gy @alEPA MMWG to assess the proposed
fuel plausibility and/or feasibility. The purpostthis tier is screen out any proposals that are
not worth pursuing even to Tier |. For exampleagl¢hat clearly violate basic concepts of
scientific feasibility—mass balance, the laws adrthodynamics, etc., or ideas that appear to
be the work of a team with no financial or techhimsources to move forward on the
concept. The screening review can take as littiewsdays and should take no longer than a
couple of weeks.

Once a project has cleared the screening reviempites in sequence through the next
three Tiers. Tier | begins with the applicant bimgga summary report on the fuel to CalEPA
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and ends with either the development of a Work Rtanthe Multimedia evaluation or a

decision to withdraw the fuel development plan.rTiefollows the Work Plan developed
during Tier | to draft a Risk Assessment Protoeplart. During Tier Il the Risk Assessment
Protocol is executed and a report prepared proyithe results of the executed Multimedia

Risk Assessment.

Table 1. Summary of the recommended Multimedia Risk Assess$process.

Fuel Applicant

Multimedia Work
Group Review

MMWG Consultation
and Peer Review

Tier | Fuel Background Screens applicant and Technical consultation
Summary report: establishes key risk | during development of
« Chemistry assessment elements Tier | Work Plan
. Rel Scenarios and issues including identification

€ gase cenarios of key risk assessment
 Environmental elements and issues
behavior

Mutually-agreed upon Tier | Work Plan to
proceed through multimedia evaluation

Tier Il Risk Assessment Comment on Risk Technical consultation
Protocol report Assessment Protocol on Risk Assessment

Design
Tier 1l Execution of Risk Prepare Independent peer

Assessment and
preparation of
Multimedia Risk
Assessment report

recommendations to
the Environmental
Policy Council based
on Multimedia Risk
Assessment report

review of Multimedia

Risk Assessment repor

and Working Group
recommendations
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Applicant’s summary report

¥

i Work plan
Tier I T~ Work plan
Identify key elements and Revised work / review
issues plan
Tier IT Risk assessment protocol . Risk assessment
Prepare risk assessment protocol
protocol Revised risk assessment / e
protocol
Tier I11 Risk assessment Multlmtc:dla Warking
; i e | roup
Execute full risk report recommendations
assessment + + ‘
Independent peer review

Environmental Policy
Council approval

Figure 1. Multimedia evaluation process flow chart

Tier | - Technical Consultation and Peer Review tdestablish the Risk Assessment
Elements and Issues

The goal of the Tier | review is to develop a miljuagreed upon Work Plan for the
Multimedia Risk Assessment. Tier | begins with #pplicant bringing a summary report to
the CalEPA MMWG and ends with an agreed upon Waak Bo proceed through the next
two Tiers. The proponent brings to the MMWG a sumymaf what is known about the
properties and hazards of the fuel as best asdfeyind and based on their experience and
expertise. The MMWG establishes the key elements iasues of the decision making
process associated with the new fuel. These keymesless and issues are reviewed and
evaluated by the MMWG consultants. Included inghemary presented to the MMWG are
a summary of regulatory approvals, background fudébrmation, and an outline of
information necessary for Risk Assessment Protoldoe expanded description of the Tier |
process and work-plan requirements are describ8eation V.

The applicant must propose the Work Plan elemamdgwstify the proposed approach to
the MMWG for approval. Tier | process concludeshwat final version of the Tier | Work
Plan. This Work Plan serves to define the issuethefRisk Assessment Protocol that is
carried out in Tier 1.
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Tier 1l - Multimedia Risk Assessment Experimental Rotocol Review

The next step in the multimedia evaluation proéesee development and review of the
Risk Assessment Protocol. The design for final redsessment work is developed in
accordance with CalEPA risk assessment methodal@agedescribed in documents such as
the Air Toxics Hot Spots Program Risk Assessmentd@unes, and reviewed by the
MMWG. The applicant must propose the Risk Assessiertocol elements and justify the
proposed approach to the MMWG for approval. The M@Way utilize outside expertise at
this stage.

The Risk Assessment Protocol should provide a cosgabetween the proposed fuel or
additive and the appropriate standard baseline dakdcted by the MMWG. Experimental
Protocol elements address the scope of the rigsas®ent, and fill any knowledge gaps that
are identified in the Tier | Work Plan includingeth

* Role and use of models and surrogate chemicals,

* Approach used to address health and environmentaldts where experimental tools are
not well defined, and

* Methodology for integrating an analysis of emissitm and transport among all media
(air, water, soil, etc.).

Tier 1l concludes with a Risk Assessment Protoeplort that addresses all the elements
identified in the Tier | Work Plan. It should addsethe knowledge gaps identified during
both the Tier | and Tier Il efforts. The Risk Assegnt Protocol report will be reviewed by
the MMWG and their consultants prior to the stdrTier II.

An expanded description of the Tier Il process andliscussion of possible Risk
Assessment Protocol elements can be found in $e¢tmf this document.

Tier Il — Execute the Multimedia Risk Assessment

The Tier Il Multimedia Risk Assessment submittal the applicant should include a
summary of preliminary review and experimental pcol review steps taken through Tiers |
and Il. The Multimedia Risk Assessment should afsdude an expanded analysis of the
release scenarios that pose the greatest threaéurman health, the environment, and
beneficial use of California resources.

The MMWG evaluation of the Multimedia Risk Assessinecludes development of
recommendations to the Environmental Policy Countdile Multimedia Risk Assessment
and MMWG recommendations are then peer reviewedsabditted to the Environmental
Policy Council.

An expanded description of the Tier Ill process #rmasubmittal of the final Multimedia
Risk Assessment Report, the subsequent developenenpeer review of recommendations
to the California Environmental Policy Council cdre found in Section VII of this
document.
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C. Summary of Previous Regulatory Approvals and Relvant State
Regulations

As part of the preparation for the Multimedia R&&sessment application at Tier I, the
applicant should provide a summary of prior reguiatapprovals. This should include any
individual state, national, or other-national regaty approvals that are available or in
progress and any government-adopted health crit€hase approvals should be couched
within the context of the relevant California regtibns. Appendix A provides a list of
websites pertaining to regulations and codes agiplkicto production, distribution and sale of
new and alternative fuels in the state of CalifarniThe codes also describe the
responsibilities of a fuel distributor, and outlitee fees and penalties for waste management
and contamination caused by spills and leakagetuaf products. The codes linked in
Appendix A are each found via the California Enaimeental Protection Agency’s (CalEPA)
home webpage, and via the laws and regulations, page~vhich appear links to laws
overseen by different agencies of the CalEPA MMW@ch of these links leads to a list of
links that provides access to each specific lawyvided below is a very brief summary of
some highlights of the relevant codes. This lish istatic and non-prioritized “snapshot” of
the regulatory structure as of early 2006 and is intended to replace the applicants’
research and identification of the proper and ugdte regulations relevant to their
application. The applicant is responsible for ideation of the most recent and applicable
codes at the time of application.

The requirement for multimedia evaluations of newel$ is contained in Section
43830.8 (a) of the Health and Safety Code where stated that "the state board may not
adopt any regulation that establishes a specificatfor motor vehicle fuel unless that
regulation, and a multimedia evaluation conductgdfected agencies and coordinated by
the state board, are reviewed by the CaliforniaifGnmental Policy Council." Subsection
(b) states that "multimedia evaluation” means ifieation and evaluation of any significant
adverse impact on public health or the environmig@uding air, water, or soil, that may
result from production, use, or disposal of the anatehicle fuel that may be used to meet
the state board's motor vehicle fuel specificatibns

Subdivision (d) states that "At a minimum, the easion shall address impacts
associated with all the following:

(1) Emissions of air pollutants including ozoneriimg compounds, particulate matter,
toxic air contaminants, and greenhouse gasses.

(2) Contamination of surface water, groundwated, swil.
(3) Disposal or use of the byproducts and wastenads from the production of the fuel.”

The Boards and Departments within CalEPA shareorespility for conducting multimedia
evaluations. The role of each Boards and Depatsni@enthis process is described in the
following paragraphs.

The Office of Environmental Health Hazard Assesdn{@tHHA) within CalEPA has
derived and published toxicity criteria for manyeaficals. Toxicity criteria are generally
used in risk assessment and regulatory decisionagakhen exposure to toxic substances is
a concern. These include no-significant-risk levatal carcinogenic potency factors for
substances known to cause cancer, chronic referexpesure levels (RELs) for adverse
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effects other than cancer due to long-term expgsamed acute RELs for adverse effects other
than cancer from short-term exposures. The US E&sAaso derived and published toxicity
criteria for many substances. In decision-makinge Boards and Departments within
CalEPA use toxicity criteria published by OEHHA whé¢hese are available. When an
appropriate toxicity criterion is published by U84 but not by OEHHA, the EPA criterion
is used by California agencies.

The Air Resources Board (ARB) oversees codes agualatons that relate to air quality

impacts of new and alternative fuels include:

The California Reformulated Gasoline RegulationbisTset of regulations specifies
standards for the following eight gasoline promstiReid vapor pressure, sulfur content,
benzene content, aromatics content, olefins coft®@t T90, and oxygen content. These
standards apply to gasoline intended for motoralehise.

The California Diesel Fuel Regulations. This setagjulations specifies the standards for
diesel fuel. The regulations dictate allowable Is\a sulfur and aromatic hydrocarbons
associated with diesel fuel use in the state. Al#tined in the Diesel Fuel Regulations is
the Airborne Toxic Control Measure, designed toursd particulate emissions from

diesel fueled engines.

Regulations for Alternative Fuels. Contained iesh regulations are specifications for
seven alternative fuels that include methanol (M&68 M85), ethanol (E100 and E85),
CNG, LPG, and hydrogen.

In-use Strategies Verification Regulatidrhis regulation applies to in-use strategies that
control emissions of particulate matter (PM) anddex of nitrogen (NOx) from diesel-
fueled diesel engines. Verification provides a wagvaluate the PM emission reduction
capabilities and durability of a variety of diesghission control strategies as part of a
retrofit in-use program. It ensures that emissintuctions achieved by a control strategy
are both real and durable and that production unitthe field are achieving emission
reductions, which are consistent with their veatfion. Verification under this regulation
requires a multimedia evaluation.

Ambient Air Quality Standards (AAQS). The ARB seA\QS for the criteria air
pollutants based on health-based recommendatiams the Office of Environmental
Health Hazard Assessment. Motor vehicle emissioasnajor contributors to ambient
levels of criteria air pollutants and this shoudmajor consideration in any multimedia
fuel additive assessment.

Toxic Air Contaminants. The ARB identifies substamcas Toxic Air Contaminants
(TACs) if they are likely to pose a risk of seriallsess [use words in the statute here],
following a health risk assessment conducted byGhlE=PA Office of Environmental
Health Hazard Assessment (OEHHA). Motor vehiclessions are major contributors to
current ambient levels of certain TACs. This shdagdconsidered in any multimedia fuel
additives assessment.

Greenhouse Gases. The ARB is in the process oftiagopneasures to control
greenhouse gases under the authority of AB32. I$|learotor vehicle emissions are
significant sources of green house gases. Thisldgl@uconsidered in the assessment.

The State Water Resources Control Board’'s missdo preserve, enhance and restore

the quality of California's water resources, ansuea their proper allocation and efficient use
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for the benefit of present and future generatidine codes and regulations overseen by the
SWRCB deal with various sections of the Califoridvater Code, and relevant regulations
include the Federal Clean Water Act (Title 33, @.Ssections 1251 and following), the
California Code of Regulations, and the Porter-Goto Water Quality Control Act
(California Water Code, Division 7 [Water Qualityjith amendments effective January 1,
2006). In light of dramatic regional differences alimate, topography, geology and
hydrology, the state is represented by nine RegMfader Quality Control Boards (Regional
Boards), whose mission is to develop and enforceemwajuality objectives and
implementation plans which will best protect thenéfecial uses of the State's waters. The
State Water Resources Control Board’'s applicabigilagions for addressing multimedia
pollutants derive from the Safe Drinking Water ahakic Enforcement Act of 1986 and
enforcement of these codes is discussed in this Alsb dealt with in this Act is the
preservation of rights, referring to the fact tha Safe Drinking Water and Toxic Control
act of 1986 can not diminish or alter previouslysiérg codes, regulations or statutes.

The Department of Toxic Substances Control (DTSQulates hazardous waste, cleans
up existing contamination, and looks for ways tduae the hazardous waste produced in
California. DTSC also ensures that companies adiguals handle, transport, store, treat,
dispose of, and clean-up hazardous wastes appiepriBTSC regulates hazardous waste in
California primarily under the authority of the &xdl Resource Conservation and Recovery
Act (RCRA) of 1976, and the California Health andfeédy Code. Regulations related to
hazardous waste can be found in California CodRegfulations, Title 22 (Social Security),
Division 4.5. DTSC has developed a Fact Sheetdéstribes the regulatory requirements of
hazardous waste generation and can be found at vEB€ite:
http://www.dtsc.ca.gov/HazardousWaste/upload/HWM_ G&nerator_Requirements.pdf
DTSC’'s website also lists all other DTSC’s programghich protect California and
Californians from exposures to hazardous wastes.
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V. Tier I: Establish Fuel Risk Assessment Elementdssues, and
Work Plan

Tier | begins when the applicant brings a summapport to the MMWG and ends with a Work
Plan for the Multimedia Risk Assessment protocaé ) and execution (Tier Ill). This section
describes the information that a new fuel proporgmtuld bring to the MMWG to begin
discussions that will lead to a risk assessmertbpob for assessing the multimedia impacts of a
new fuel formulation. There is emphasis both ontifpe of information needed and how this
information fits into the tiers that have been ittfegd. For Tier |, the goal is not to answer &lét
guestions, but instead to identify what questionstnibe addressed and to develop a Work Plan
for the types of studies, models, and evaluatibasdre needed to confront identified issues. The
paragraphs below have been organized to illustn@énformation gathering activities according
to both process and elements. This informationegath process must be built around a
technical peer-review consultation in which thelagmt provides preliminary information to the
MMWG. The applicant then proposes and justifiestie MMWG a set of key issues and
elements that will be used as a basis for the kheltiia Risk Assessment Protocol. The MMWG
accepts or amends this list of key issues or elesn@ided by expert consultation review. The
results of this process are described in a Worlk Rttet is developed by the applicant and
endorsed by the MMWG.

A. Technical Peer Review Consultation

The technical peer review consultation begins whenapplicant brings to the MMWG a
summary of what is known based on their experiemzgk expertise, and available data. It is
important that the applicant makes a “good faitffor¢ to provide complete and useful
information. The information provided in Work Plahould include:

. Background, reference, candidate fuel informatiostorical use of fuel components or
additives

. Fuel and fuel modifications

. Physical, and chemical and environmental toxicltgracteristics of the reference fuel,
candidate fuel and additive components,

. Comparison of physical, chemical, and toxic préips of the fuel or additive
components to appropriate agreed upon controldutlel components, and

. Summary of all potential production, distributj@torage, and use release scenarios
including materials compatibility and permeabiliyd a discussion of the most likely
release scenarios and any waste generated,

. Summary of the expected environmental behavievétbpment of transport and fate
conceptual models associated with release scehafipsoposed fuel, fuel
components, or waste that may be released,

. Summary of potential hazardous wastes generatidra discussion of proposed
hazardous waste management, and

. Estimates of exposure potentials and a prelinginaultimedia risk assessment.
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Physical, Chemical, and Toxic Properties

The relevant physical properties of the proposed dmd/or additive 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 availa)!
The relevant chemical properties include:
e vapor pressure;
» water solubility;
» octanol-water partition coefficient;
» octanol-air partition coefficient (if available);
* any measure of dissociation in water;
* Henry's law constant,
* any measures of compatibility with conventionakat/distribution materials, and
* any measures of transformation rates in air, watespil.

The relevant hazardous characteristic (as four@@dR, Title 22, Chapter 4.6 Chapter 11,
Article 3.) include:

* Ignitability,
» Corrosivity,
* Reactivity, and
* Toxicity.
The relevant toxicity properties include:
* any tests for mutagenicity (or other cellular-saakeasures of toxicity),
* asummary of all human and animal studies of almxeity,
* asummary of all human and animal studies for dortoxicity.

 a summary of all human and animal studies of deveéntal and reproductive
effects.

An important aspect of the applicant’s review obsance properties is an effort to
assign measures of importance to all informationthlavailable and missing information.
The applicant should consider both the availabibiyd reliability of studies used to
summarize these properties. As the Tier | Work R#amleveloped, the applicant should
define important information gaps. Methods and/epeziments for estimating and/or
measuring these information gaps should be sugtéstehe Tier Il protocol. For example,
in the absence of measured chemical (or physicafesties, the applicant may use property
estimation methods but all parties must recognagommodate and communicate the
greater uncertainty introduced to property valubgioed from estimation methods rather
than measurements.
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In order to evaluate the importance of missing rimiation, the Work Plan should relate
this information to elements of the risk assessmpeoitocol that is carried out in Tier Il. To
achieve this, the applicant should establish th& hmong substance properties, release
scenarios, exposure pathways and potential ecalogichuman health risk. The Work Plan
may raise a list of specific questions that arenelats of the risk assessment. Each suggested
method/experiment is linked to a question. Thus,fimal Work Plan establishes the project-
specific goal of risk assessment upon MMWG andiepgpt agreement.

Release Scenarios

During the development of Tier | release scenamofsiel life-cycle approach should be
used. Release scenarios provide pictures of theugaprocesses by which a fuel and its
components may be released during production,loli$iton, storage, and use. In considering
release scenarios, the applicant should providerarsry of all potential distribution and use
release scenarios as well as a discussion of th& hkely release scenarios. From a
comparative standpoint, this evaluation providesemns to assess differences between the
potential release mechanisms of an existing tratesgpen fuel in wide use and the newly
proposed fuel.

Possible release scenarios that should be condiderlede the following:

» Catastrophic release of fuel or the additive paekdigring pipeline, rail, or truck
transport into California. Releases to both fredlewand marine environments, as well as
soil and air, should be considered.

» Catastrophic release of fuel or additive packagmfan underground storage tank.

* Slow release of the modified fuel or additive paggk&rom an underground storage tank
should also be considered.

* Release of fuel or additive package from a bulkagte container at a production or
mixing facility.

* Release during normal use. Worker exposure by demnaher routes during fuel
transfer from or to tanks, changing hoses, etoulshbe explicitly considered.

* Air Releases of Criteria Pollutants, Green HousseSaToxic Air Contaminants, and
Ozone Precursors, including exhaust emissions,ceaipe emissions, and other
emissions that may result from manufacturing, potida, transport or accidental
releases. These include chemicals identified uRdep 65 and the Air Toxics Hot Spots
Program.

» Additional release scenarios as appropriate fdrduadditive and identified by the State
of California or peer reviewers.

Release scenarios are dependent on many assumpinohsre not intended to be
predictive, although additional consideration isrnaated for more likely release scenarios
and scenarios that have potentially severe consegae Therefore, the description of the
potential environmental release scenarios shouwtlidie an evaluation of which scenarios
pose the greatest threat to human health, the a@magnt, and beneficial use of water
resources. This evaluation will also include estioraof the likelihood of occurrence for
each scenario and the basis for that estimate.
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Development of release scenarios dupngduction should consider:
* The specific make-up of the proposed fuel or adéifiackage,

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

* The introduction of trace compounds, preservatigad, process impurities.

Development oflistribution and storage release scenarios should consider:

* The transportation of the bulk fuel via the vari@lternatives available, e.g., shipping,
trucks, pipelines, rail,

» Estimates of volume by each means of conveyance,
» Storage (includes large bulk above ground as veedinaaller below ground) means, and
* The compatibility of additive and/or product wittosage and distribution materials.

Development ofiserelease scenarios should consider:

* The extent of anticipated use,

* Normal vehicle fueling processes, and

* Both combusted and un-combusted tailpipe emissions.

Release scenarios include both normal and accidexiesases. Normal releases would
include combustion and vapor emissions during gem@nd use and small routine spillage.
Accidental releases encompass failures such aspwaation crashes and ruptures of
containment vessels. The normal and accidentaselscenarios should consider all possible
media to which the proposed fuel may be releasgdding air, ground water, surface water,
and soils.

If there is a history of previous use of the pragmbaew fuel components and there have
been previous releases, then the findings fromaasgciated impacts or field studies should
be discussed as part of the release scenario geverd.

Since the developed release scenarios will be wsttus key multimedia impact issues,
it is important to include in the discussion of tkéease scenarios information regarding:

* Possible site characteristics that may be assdcidth a release,
» Likelihood of a given release occurrence,

* Risk assessment issues for given type of releask, a

* Risk management options for that type of release.

Appendix B contains an example listing of potentialease scenarios that were
developed during the multimedia evaluation of ethas a fuel oxygenate in California. The
table includes a brief description of each relessenario, likely site characteristics, an
estimation of the likelihood of occurrence, risksessment issues that may be important
during the consideration of each scenario, andmmakagement options.
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Hazardous Waste Management Issues

It is important to identify hazardous waste thatynb@ generated during the proposed
fuel's life cycle particularly from fuel productioprocesses and catastrophic release
scenarios. As part of the potential hazardous wastiation, the scenarios should include:

* A description of any proposed fuel production pssss that may generate hazardous
waste,

» Identification of hazardous wastes that may be geed,

» Discussion of management approaches that coulgjbleed to the identified hazardous
waste, including storage, recycling, treatment, famal disposal, and

* Any alternatives to reduce the hazardous waste.

An illustration how the generated hazardous waslieb& managed must be included in
the Work Plan. The hazardous waste management plould consider, storage,
transportation, treatment disposal, waste reducaod emergency planning. DTSC prefers
that the plan demonstrate that applicant has ceresidthe preferred hazardous waste
hierarchy, in descending order, of 1) source radngc®) recycling, 3) treatment, and 4) land
disposal. Identification of hazardous waste ger@ras responsibility of generator. Thus, if
there is no hazardous waste generated in all pgesesnd scenarios, the application must
explicitly state “No hazardous waste generatedheaWork Plan.

Estimates of Exposure Potential

In the first tier, for proposed fuel or fuel compgons that may be released, the applicant
should provide estimates of the expected envirosahdrehavior (transport and fate), and
ecosystem and human exposure potential. OEHHA'so&ixg Assessment Technical
Support Document (http://www.oehha.ca.gov/air/hpots/index.html) is a useful resource
for exposure parameters. This evaluation will atsdude an estimate of the likelihood of
occurrence for each release scenario and the HBasighat estimate. The expected
environmental behavior can be obtained using sorgdavel fate and transport models with
chemical properties identified above as inputs.immental behavior should be assessed
using key release scenarios. Potential for ecasy$tehavior can be based on long-term
average concentrations in surface water and soiérfdal for human exposure can be based
on concentrations in air, soil, surface water, gnound water combined with exposure
factors that account for plausible levels of loegyt human contact with these media—i.e.
values from Air Toxics Hot Spots Risk Assessmenid@lines Part IV exposure assessment
guidance for intake rates. An important aspecthef ¢stimate of exposure potential is an
estimate of the overall environmental persistencéhe chemical components of the fuel.
Overall environmental persistence has been showsonielate with exposure potential for
multimedia pollutants.

Tier | Calculations: Fuel Life-Cycle Assessment

At Tier | the goal is to systematically include anfnation about the potential effects of
harmful emissions and resource demand so that pipdcant and CalEPA can make
judgments about the relative importance of diffeemvironmental impacts. At this stage, the
comparative evaluation of environmental stressditsesses the needs of decision makers to
target the risk assessment elements and issuescheedrier Il and Tier Ill. As noted above,
one widely used approach for such studies is LjekAssessment (LCA). In particular the
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life-cycle impact assessment (LCIA) stage withinA.@rovides a systematic process by
which emissions are evaluated and interpreted eatify the most important contributions
and assess overall impact. At Tier |, the LCA pescghould include a list of toxic chemicals
released at each stage of the fuel life cycle,umiolg hazardous waste, any measures of
toxicity available for these chemicals (LD50, antthes measures of toxicity, regulatory
criteria and standards including AAQS, referencg@dsxire Levels [RELs] and Reference
Doses [RfDs], cancer potency factors, etc.), esemaf the approximate magnitude of
release, and identification of the environmentadimen likely to receive the release (air,
surface water, soil, ground water). The LCA proc#sss provides the inputs for the
subsequent health and ecological risk and assessmen

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

Using information and procedures outlined aboves #pplicant then proposes and
justifies to the MMWG a set of key elements thall ¥ used as a basis for the Multimedia
Risk Assessment. Among the elements that will bentified in this process are the
following:

» Hazard characterization Name of the harmful agent; chemical formula &milar
structural identification); relevant biological,ernical and physical properties. Properties
that make it potentially harmful to humans.

» Toxicity assessmert Summarize all available information on the tayiof the fuel
constituents. Discussion of human, animal, or othedence of harmful effects. Report
on the availability of any quantitative dose-resgomodel.

» Evaluation of the Potential for human and ecoldgiegposure- Describe priority
scenarios for release and estimate the potentiahtdies of material released. Use
screening level multimedia fate and transport modelexplore and quantify how the
source relates to concentration at the point ofosxme. Based on the important
environmental media and exposure pathways idedtifih screening-level models,
more detail models for these specific media antdvways should be proposed in the work
plan.

C. Multimedia Working Group Acceptance or Amendmentof the List of
Key Risk Elements and Issues

Through the review and consultation process, theWiMaccepts or amends this list of
key elements. If the MMWG amends the list of kegneénts, it will provide a written report
to applicant outlining its concerns and providingdgnce and which elements need to be
added and how they can be addressed.

Once this process is complete, the applicant caepiEnd submits for MMWG approval
the Risk Assessment Work Plan.
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VI. Tier II: Develop and Review a Multimedia Risk Assessment
Protocol

Using the Work Plan developed in Tier I, Tier lineprises further data collection and the
development of a Risk Assessment experimental desiger Il concludes with the
preparation and review of a Multimedia Risk AssemsimProtocol report. This section
presents summary aspects of the protocol of expatsnused to evaluate rates (fate and
transport, partitioning to multimedia compartmentsioremediation, exposure, and
toxicology) of the governing processes, as welkages of life cycle design for comparative
risk assessment. The life cycle design must addmasonmental emissions as well as waste
management. The description is intended to servguaeline and not as an exhaustive
description of possible elements of a protocol aroaceptual model construction for the
priority processes, for which appropriate technmaterials should be consulted.

A. Background to a Fuel Risk Assessment Protocol
Comparative Risk Assessment of Release Scenarios

The Risk Assessment Protocol should be based oifignd Work Plan and provide a
comparison between the proposed fuel or fuel adddnd the baseline fuel that the MMWG
has agreed should be the basis for comparisoreilibrk Plan. Release scenarios of greatest
interest will have been identified in the Work Plzased on the likelihood of adverse impact
or occurrence. The examination of the critical ask scenarios must be included in the
proposed overall risk impact experimental desighe Tconceptual model assumptions
regarding potential transport and fate of fuel comgnts of concern will be very important
during this process.

Integration—Methodology of Integrating comprehensive media (air, water, soil, etc.)
analyses

The multimedia assessment process requires inikagrat information across different
environmental media, different space and time sc¢alad different types of populations. A
useful starting point for this effort are OEHHA'xfiosure Assessment Technical Support
Document (http://www.oehha.ca.gov/air/hot_spotsintdtml) or US EPA multimedia
assessment guidance (e.g., OPPTS, 1998). In comirdbe single-medium paradigm for
assessing impact, a multimedia approach, requiegagsessor to locate all points of release
to the environment; characterize mass-balanceasédtips (e.g., between sources and sinks
in the environment); trace contaminants throughethigre environmental system, observing
and recording changes in form as they occur; aedtity where in this chain of events
actions to mitigate or alter actions would be naggiropriate.

To assess exposure and risk, a multimedia fatesgre®mt is linked to a cumulative
multi-pathway exposure assessment. For both humdreeological receptors this requires
that one relate contaminant concentrations in plel&nvironmental media to concentrations
in the media with which a target population hastaoh For humans this includes personal
air, tap water, foods, household dusts, soils).€ftie potential for harm is assessed either as
the average daily intake or uptake rate, or as-iweaged contact concentration.
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How will knowledge gaps be addressed?

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

To address knowledge gaps, it is important to disdest-data quality and provide an
evaluation of overall uncertainty. In discussingtigata quality, the applicant should
consider test data quality (data uncertainty, greni and accuracy, and statistical design
issues). The evaluation of overall uncertainty th@adress the contributions to uncertainty
from models, test data, surrogate chemicals, apticapility of testing data.

The Role of models

To assess the impact of environmental chemicabseke to the ambient environment
requires source, transport, exposure and risk cteiaation models. It must be recognized
that these models will thus be important tools upport decisions to tolerate, regulate or
monitor existing and new chemical uses. In thigroisk characterization models provide
prospective analyses of impacts from new chemiaats retrospective analyses of the links
between health outcomes and various chemical Usesing models to support regulation
and monitoring policies, decision makers struggih whe question of how likely are they to
make unwarranted choices, and what are the assdclaalth, economic, and political
consequences of those choices. To confront thesstiqns, decision makers rely on
modelers to quantify the representativeness (figeland reliability of their model
predictions. So to assist the decision makersiggiocess, the applicants should go beyond
just presenting the models used and results oethexdels. They should also describe their
process of selection and model performance evaluafit a minimum the applicant should
describe the questions to be addressed by mobelsphceptual model, and summary details
of the model application including choices aboutvtsample or complex to make a model in
order to address the question at hand.

Multimedia contaminant fate and exposure modelsHaen useful to decision makers
because these models provide an appropriate cpiarditframework to evaluate our
understanding of the complex interactions betweleanmicals and the environment. The
greatest challenge for multimedia models is to plewseful information without creating
overwhelming demands for input data and producimputs that cannot be evaluated. The
multimedia modeler must struggle to avoid makingadel that has more detail than can be
accommodated by existing theory and data while @lsloiding sufficient fidelity to the real
system to make reliable classifications about theurce-to-dose relationships of
environmental chemicals. In Section D below, welioatstrategies for using multimedia
assessments in a life-cycle based comparativeass&ssment.
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B. Risk Assessment Elements for Human Health Effest Ecological Risk,
and Environmental Fate and Transport

Human Health Effects

Human health risk assessment usually requiresatatute effects, sub-chronic effects,
and chronic effects via all conceivable routes>gasure. The risk assessment will need to
consider differential impacts on children vs. asluldevelopmental effects, and any
consequences of early life exposures. Multimedi@uation of risk in this context should
consider all conceivable risks of exposure to adglitcomponents, to their possible
degradation products, and to their putative metasolia air, water, soil, and from direct
contact with the fuel. While fuel combustion invekienmediate concerns about inhalation of
possible toxic substances, we must also considesnuentional routes of exposure due to
multimedia partitioning of fuel or additive compamne. These additional routes include oral
ingestion of contaminated water or food, and derabalorption after contact exposure. Risk
assessment of fuel additives should also includesideration of risk from any impurities
likely to be present in the additive components atoncentration high enough to involve
significant potential for human exposure in anygilole exposure scenario.

There is an enormous variation in the toxicologisaldies actually required of new
chemicals in the US depending mainly on which lawstatute regulates their use (the
Federal Insecticide Fungicide and Rodenticide AdFRA], US EPA Toxic Substances
Control Act [TSCA], or neither). Such “testing” magnge from “toxicology by analogy”,
that is, non-testing based upon structure-actiatguments, to “lifetime” testing for
carcinogens in both sexes of at least two mammailpaties. Many international agencies
have also developed minimal testing protocols few rchemicals or new formulations that
involve substantial possible exposures, and we baea guided in our recommendations by
these suggested testing protocols. The Office eféhtion, Pesticides and Toxic Substances
(OPPTS, 1998) of the US EPA has developed guidelie@iecting a harmonization of the
data requirements under TSCA and FIFRA, and théagge provided by the Office of
Pollution Prevention and Toxics (OPPT), the OffafePesticide Programs (OPP), and the
Organization for Economic Co-operation and Develepm(OECD) (a consortium of
European agencies, the European Economic Commukity], the World Health
Organization [WHO], and the United Nations). Thettprotocols included in the OPPTS
guidelines are indicated below. The specific stsigdeguired for the risk assessment will be
determined during consultation with the MMWG.
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Studies Conducted to Identify and Quantify Potentia
Human Health Hazards from Exposure to a Chemical

Acute oral toxicity

Acute dermal toxicity

Acute inhalation toxicity

Acute eye irritation

Acute dermal irritation

Skin sensitization

Repeated dose 28-day oral toxicity study in
rodents

90-Day oral toxicity in rodents

90-Day oral toxicity in nonrodent

21/28-Day dermal toxicity

90-Day dermal toxicity

90-Day inhalation toxicity

Reproduction/developmental toxicity screen
test

Combined repeated dose toxicity study with
the reproduction/developmental toxicity
screening test

Prenatal developmental toxicity study

Reproduction and fertility effects

Chronic toxicity

Carcinogenicity

Combined chronic toxicity/carcinogenicity

Bacterial reverse mutation test

Gene mutation ispergillus nidulans

Mouse biochemical specific locus test

Mouse visible specific locus test

Gene mutation itlNeurospora crassa

Sex-linked recessive lethal testmosophila
melanogaster

In vitro mammalian cell gene mutation test
In vitro mammalian chromosome aberration
test
Mammalian spermatogonial chromosomal
aberration test
Mammalian bone marrow chromosomal
aberraton test
Mammalian erythrocyte micronucleus test
Rodent dominant lethal assay
Rodent heritable translocation assays
Bacterial DNA damage or repair tests
Unscheduled DNA synthesis in mammalian
cells in culture
nigitotic gene conversion iBaccharomyces
cerevisiae
In vitro sister chromatid exchange assay
In vivo sister chromatid exchange assay
Acute and 28-day delayed neurotoxicity of
organophosphorus substances
Neurotoxicity screening battery
Developmental neurotoxicity study
Schedule-controlled operant behavior
Peripheral nerve function
Neurophysiology Sensory evoked potentials
Companion animal safety
Metabolism and pharmacokinetics
Dermal penetration
Immunotoxicity
Combined Chronic Toxicity/Carcinogenicity
Testing of Respirable Fibrous Particles

It is useful to consider the major risks of expestw additive components or their
combustion/degradation products as either chrdove;dose exposure in air or water, or as
acute high-dose contact exposure during a catdstroplease. Studies should be applied
either to the individual components of the addifpaezkage or the complete additive package
(provided that the composition will not change a&mmbly from batch to batch). Studies
should also be on the engine emissions after cotobusf fuel containing the additive.
Combustion emission analysis should be performedafproposed new fuel mixture with
and without the additive package so comparativea gat obtained for each proposed
additive formulation. The rationale for this rearirent is that the additive may change the
emission characteristics of the base fuel eithettfe better or for the worse.

Page 25 of 68 UCRL-AR-219766



Recommendations on the Scientific I nformation for
California Fuds Environmental Multimedia Evaluations

It is critically important that each of the reconmded studies is designed in such a
manner that each test has adequate statisticalrgoveasure that apparently negative results
are valid. Any study results submitted to the Stdt€alifornia regulatory agencies, or any
proposed testing protocols, should contain a pogaculation for the study used. The
calculation should demonstrate that the (proposed)ber of replicates performed at each
concentration level and that the (predicted) valitstbof the results allow a scientifically
valid conclusion to be drawn about whether or no# substance is toxic at a given
concentration.

In addition, similar information should be gathered major long-lived degradation
products of the additive components, and on anyomanpurities in the additive
components. Some, or all, of this testing may dyehave been performed to satisfy
requirements of other agencies outside of Calitgrbut additional studies may be required
to be run prior to allowing these compounds to $eduas fuel additives within California.

These recommendations go beyond the standard E&AIllTiesting (see Appendix C),
especially with regard to oral and dermal toxidigting and in vivo neurotoxicity testing,
but this is completely appropriate in the contektnwltimedia exposure where there is
exposure by multiple routes rather than exposuedysby inhalation.

Quantitative structure activity relationships (QS\Rave been suggested as a possible
substitute for actual toxicity data when requig#sts have not been performed. Such a
substitution is not appropriate for the proposed fadditives because there are numerous
studies in the literature suggesting that QSARsatonecessarily make accurate quantitative
predictions of complex biological outcomes suchaagcity. However, QSAR may suggest
areas of special toxicological concern for moreufed testing.

Additional Tests

Taste, odor and color of water play a critical noleehemical substance acceptability for
many purposes, including human consumption, evehefwater is not known to contain
constituents at levels thought to produce adveesdtltn effects. This approach is reflected in
the Secondary Maximum Contaminant Limits (SecondBL’s) for a number of
constituents. At the national level U.S. EPA progatés National Secondary Drinking Water
Regulations (NSDWRs or secondary standards), wiaigh non-enforceable guidelines
regulating contaminants that may cause cosmecsfiisuch as skin or tooth discoloration)
or aesthetic effects (such as taste, odor, or x@lben they are present in drinking water.
Methyl tertiary-Butyl Ether (MtBE) represents arpda example of a contaminant whose
removal is driven by such aesthetic consideratginse its secondary MCL (based on its
undesirable odor) is 5 ug/L while its primary MChaged on its carcinogenic potential) is 13
Mo/L. The goal of related studies is to identify passibility that a reformulated fuel would
be more likely than current fuel formulations taediten the aesthetic quality of water
supplies than current fuel formulations.

Ecotoxicity

Basic concepts and background material for ecotbagpcal testing is provided in
Appendix D. The testing protocol and important edais within it are summarized here.

For the testing of fuel additives and new fuelalifornia, we use the OECD strategy
(Figure 1 Appendix D) as a template. Tests for lamjhatic and terrestrial environments are
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covered because release scenarios offer the gagdiiat both of these ecosystems could be
exposed. Guidance on testing procedures may alsibtaéned from OEHHA’s document,
“Overview of Freshwater and Marine Toxicity TesésTechnical Tool for Ecological Risk
Assessment” (http://www.oehha.ca.gov/ecotox/docusterarinetox.html). The aquatic
environments are categorized into four subgroupeshfvater pelagic, freshwater benthic,
marine pelagic, and marine benthic. Although thes@d be further subdivided into warm
and cold water habitats, the overwhelming majoatyfreshwater and marine habitats in
California are cold water. Consequently, testingfdsused on cold water species. We
recommend species that are either native to Caldpor that have a long history of use in
testing programs and for which a considerable toxaatabase already exists. The tests are
selected based on the coverage of both freshwatagip and benthic, marine pelagic and
benthic, and terrestrial exposure scenarios. Tastsurther selected based on three criteria:
Practicality, Validity, and Usefulness. Elements qfracticality criteria include:
reasonableness of the exposure system, approfestduration (covering acute, subchronic,
and chronic effects), and availability and maintereof test organisms. The validity of the
test procedure refers to reproducibility of theitty experiments, and the limitation and
control of the sources of error. Lastly the usedskiof the test in diagnosis is reflected in the:
geographical and ecological representativenessetbgance of the exposure route and test
conditions, the extrapolation of endpoints from exkpental data, the compatibility with
state regulations, and the relative sensitivityilexéd in the data. Details on these individual
aspects are given in the Appendix D.

Toxicity tests should be performed by first comiplgta dose-range finding study. The
results of these studies should be made availaltleet regulatory agencies. At the least, the
tests should follow the US EPA Office of Pollutid?revention and Toxic Substances
(OPPTS) guidelines (US EPA, 1996, Appendix E) tlegjuire chemicals be tested up to a
maximum dissolved concentration of 1000 ppm in #enagpt to establish a LC50 or an
EC50. Once the range finding studies have been lepeay the LC50 (for acute tests) or
EC50 (subchronic and chronic tests) should be aestith using a sufficient number of
treatment concentrations, not including the negatoontrol. Utilizing fewer treatment
concentrations may not allow an accurate estimaifahe LC50 or the No Observed Effects
Concentration (NOEC). Quantitative Structure Adtivirelationships should not be used to
estimate toxicity.

Additive components

It is possible that un-combusted additive compandrdm new formulations may be
present in the exhaust. Data are needed to determirether this occurs. Multimedia
modeling predicts that soil and sediments may bgonant reservoirs for various
constituents of additive packages after airborneases. Given that other unregulated
combustion products from fuels could also end upsunface soils (e.g., polycyclic
combustion products), how would the predicted huplef un-combusted additives in soil
compare with levels of PAH under various emissignsnarios? Clearly, to address this
guestion, measurements would be needed of spacifitives and/or surrogate compounds

Page 27 of 68 UCRL-AR-219766



Recommendations on the Scientific I nformation for
California Fuds Environmental Multimedia Evaluations

during an emissions testing protocol. Once emissata data are available, then the requisite
comparisons can be made between the new and teafedis.

When the additive package components are blendéu fwel, the mixture may act
similarly to chemically dispersed oil if releasedan aquatic environment. In its evaluation
of oil spill dispersants, the National Academy aiefices (NAS 1989) noted that, for those
dispersants studied to date, laboratory data detrad@ghat in general, the acute toxicity of
dispersed and untreated oil are similar. This iaidis that for these surface-active agents,
there do not appear to be additive or synergidteces on aquatic organisms upon exposure
to the fuel-dispersant mixture. Extrapolating tbagclusion to a spill of modified diesel fuel
may be appropriate, although we do not have speddia to support such a conclusion at
this time. However, the NAS (1989) report also peshout that chemically-dispersed oill
slicks can affect different organisms than oil (fualone. Surfactants and dispersants
released in conjunction with fuel hydrocarbonsqaatic environments have the potential to
alter the distribution of spilled fuel, and thudealthe group of organisms that may be
adversely affected. Fuel-surfactant mixtures canekgected to partition deeper into the
water column than fuel released alone, causingivelg greater exposure to organisms in
subsurface waters. This suggests that the actymadts on aquatic species from a spill may
well depend on the timing of the spill relativeth@ reproductive cycle of aquatic species, as
eggs and larvae inhabit different regions of théewaolumn at different times of their life
cycle. Additionally, the NAS (1989) noted that ifsarfactant-fuel spill occurs in shallow
waters with poor water circulation, sediment-dwejliorganisms may be affected sooner
than from a spill of non-dispersed oil.

Ecological pathways to human toxicity

Understanding the bioaccumulation and biomagnificapotential of additive chemicals
is critical to a complete evaluation of their pdtahenvironmental effects, and also the
potential for these compounds to enter the foodnctieat eventually results in exposure to
humans through ingestion. Therefore, testing showdldide bioaccumulation in ecosystems.
Bioaccumulation is the increase in the concentnatd a pollutant in the first organism
exposed in the environment. Biomagnification is therease in concentration of the
pollutant in organisms in higher trophic levelso&cumulation does not always result in
biomagnification. The potential for biomagnificatios a function of the mobility of the
pollutant, its half-life in the environment, and isolubility in fat (measured by, the
octanol-water partitioning coefficient). Compounash a high mobility, long half-life, and
high K,y tend to biomagnify in the environment. Whether ianmagnified compound
becomes problematic from a toxicological perspectiy a function of its toxicological
properties. While many persistent, fat soluble coumas may have low acute toxicity to
organisms in the environment, chronic effects idirlg endocrine disrupting effects can be
important..

! There may be a program of reanalysis of impaer aftme period of legal use proposed by the MMWGa
minimum this would be a compilation of “accidentsmill” rate, and an analysis of any reported cqnsaces to
ascertain whether the initial assumptions were @pate.
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Compatibility with intended storage and distribution materials.

One particular release mode that is distinct by#dial predictability is release through
incompatibility of additive components or blendedels with intended storage and
distribution materials. These materials includeaektsurface and subsurface tanks with
associated plumbing, as well as novel systems dietdras part of the new fuel distribution,
such as mixers or holding tanks. Attention showdhid to characterizing the risk of failure
of any such extant or proposed materials undersxpao the new product. To some degree
chemical incompatibility can be indicated simply bByowledge of relative chemical
differences between the reference and new fuelseMophisticated experimentally-based
investigations may be indicated as part of TieeXperimental design. ASTM is reportedly
developing standards for certain and specific desting; in the absence of such standards
experimental protocol is customized and targetddhtiwledge gaps identified in Tier I.

Environmental fate and transport.

Assessment of environmental fate and transportnisegith establishment of conceptual
models for releases of the modified fuel or mixtaoeponents into air, soil, surface water,
and subsurface waters. Additionally, considerasibauld be given to fuel transport as a non-
aqueous phase liquid and as a vapor phase. In dbsudace, this should include
consideration of the processes that occur underragatl and unsaturated groundwater
conditions and should consider the interaction le# fuel with the soil matrix. In the
following subsections, the conceptual models of pnecesses that govern the fate and
transport of released fuels/components are deskribethe order of fuel-phase and solute
transport, multiphase partitioning and sorptiond amdegradation. The last subsection lists
several important “frequently asked” technical dioes that commonly require attention in
multimedia assessment.

Fuel phase and aqueous phase fate and transport.

A high-priority concern of accidental releases wél§/components to the ground surface
is contamination of the saturated water that qyickinveys vulnerability to water supplies.
However the magnitude and the timing of the insmlthe saturated zone depends in large
part on the rates at which the pure source noneagu@hase liquid (NAPL) enters and
migrates in the subsurface, and the rates of fanitiig to the vapor phase by volatilization
and to the aqueous phase by dissolution. Partiipprocesses are discussed below; in this
subsection we focus on the processes of both fiisdefate and transport and aqueous phase
fate and transport with the latter subdivided intosaturated zone and saturated zone
processes.

Fuel phase (or pure component phase) flow andpoahs the subsurface refers to the
occurrence, transport and distribution of non-agsguhase liquids (NAPLS) associated with
a fuel or fuel component within soils and otherunalt porous media subsequent to a release.
The processes governing NAPL fate and transpostuibsurface environments comprise the
physics of flow of immiscible fluids (e.g., Bear972, Chapter 9). The physics are more
complicated for two-fluid (NAPL and water, NAPL aad, water [aqueous solution] and air)
mixtures and even more complex for three-fluid mnigs. However, useful information can
be obtained through examination of basic propedfdbe fluids involved within a reference
porous medium, especially in the context of re@atassessment. Also, simple column
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infiltration experiments can be useful for assesgnoé relative rates of entry and motion of
NAPL into partly saturated and fully saturated psronedia.

For a given porous medium (soil or aquifer matgrtake fluid properties governing
NAPL fate and transport are NAPL density, viscqsityd interfacial tension with water and
with the solid phase. NAPL with density greaterntithat of water is called dense NAPL
(DNAPL) and that with density less than that of evat called light NAPL (LNAPL). From
experience primarily with gasoline and oil spill® @round surfaces and subsequent
monitoring, it is well known that DNAPLs percolateertically downward through the
unsaturated zone to the water table (top of sa&dradbne in unconfined aquifers), continuing
downward through the saturated zone. Vertical niignaceases when the DNAPL plume
reaches a porous medium with pores small enougtiitbagressures endured by the DNAPL
are below the “bubbling pressure” or entry pres$oréhe DNAPL to penetrate the material.
LNAPLs on the other hand, including most fuels,seegertical migration at the water table
where they form a lens. Either case can preseiniLseiong-term groundwater contamination
scenarios.

The overall mobility of the fluid includes densignd viscosity as factors and so
comparison of these basic properties can reveakdlative motility of the overall fluid
during entry and infiltration. Long-term effects tbfe spill event are also highly dependent
on the interfacial tensions among the fluids ankdsohase present, because these values
determine the occurrence of residual phase in tisaturated and saturated zones, in the
forms of distributed blobs or globules of source MAoccurring effectively as bubbles
within otherwise air/water or water saturated materThe interfacial tensions combine
through a relation known as Young’s equation teedrine the microscopic contact angles
between the fluid-fluid interfaces and the fluididanterface. For instance considering the
two-fluid system of water and NAPL in a porous medj a small contact angle (a sharp
angle between the aqueous-NAPL interface and theags-solid interface) corresponds to a
relatively strong adhesion tension in the aquecuss@, so that it becomes the dominant
wetting phase. In the opposite case, the NAPL wbelthe wetting phase. This latter case is
typical of many fuels, oils and industrial NAPLshus the interfacial tension dictates the
wetting phase, that is, the fluid that predominamikts surfaces at given saturation levels.
This wettability controls the volume and surfaceaapof residual NAPL in a given porous
medium, that in turn dictate rates of interphasesreansfer (i.e., contamination of ambient
groundwater by dissolution, or partitioning to vapiase by volatility), in the unsaturated
case.

Furthermore, wettability considerations explain sStgresis” observed in transient
conditions where infiltration of a NAPL is followelbly water-flooding (as in remediation
attempts). Specifically, interfacial tension andttadeility may differ when a fluid-fluid
interface is advancing or receding in a porous madiThis phenomenon can give rise to
enhanced entrapment of NAPL “bubbles” in large pasarrounded by smaller pores, for
instance, and has been indicated as a major factbe difficulty in remediation of NAPL
contaminated subsurface. For instance additioudéstants to the aqueous phase has been
found to increase the NAPL contact angle, resulimgsertical mobilization of DNAPL
bubbles. Consequently knowledge of the interfatéadsions, as well as densities and
viscosities and how they differ between proposed aeference fuels is critical to
understanding basic fate and transport of NAPlhengubsurface.
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In addition to comparison of basic fluid properti@sder consideration of multiphase
flow in porous media, simple vertical column expents can illuminate relative rates of
infiltration and mobility, as well as differences iiesidual phase (bubbles or lenses). While
the elements of design for such column studiegy®ihd the scope of a Tier-1l assessment,
some basic concepts common to all such tests ardifidble. The porous media selected
should reflect a variety of natural environmenkely to be encountered in the State. The
scale of the experiments should be large enougélitoinate edge effects and to allow
average porous medium properties to control treedatl transport. This constraint translates
into the column diameter and length being signifiba larger than the “representative
elementary volume” of the porous medium. A simpike iis that the diameter of the column
should be at least 100 times larger than the laggde of structure of porous medium. For
instance if a coarse sand is utilized (grain sizé& +Om) then the column should be 2-3
inches in diameter. Columns should be packed umdder while shaking in order to
generate as homogeneous a soil packing as poasithl® eliminate air pockets (unsaturated
columns can be drained subsequent to packing)rm@iteely columns can be packed in air
and then flooded with soluble gases prior to séturan order to control bubble formation.
Conventional quality control measures apply, susluse of replicates, and controls, in all
experiments.

Finally it should be recognized that the naturabssuface is not homogeneous and
infiltration of NAPL resulting from spills on anycale are likely to be significantly affected
by preferential flow, that is flow along structuresthe porous medium more amenable to
infiltration and flow. While assessment or prediatiof the nature of the porous media
involved in any particular spill is obviously inttable, any information the applicant can
bring to address relative mobility along highly mpeable conduits such as gravel zones,
fractures, or open conduits associated with sotlahiwould be useful.

Dissolved phase transport in subsurface: Unsatwtate Unsaturated flow governs
infiltration of water (as a solution) under gravidyainage (downward), under differences in
buoyant densities (density differences with ambigater), and under capillary forces that
spread water toward less saturated media. These fiocesses, gravity drainage, density-
induced flow, and capillary redistribution, haveéesa(under a given hydraulic gradient) that
will depend on measurable properties of the aqueoligion, in much the same way that the
fuel-phase fluid properties dictate NAPL fate arahsport in the multiphase case described
above. Thus the unsaturated flow problem can beedeas a two-fluid simplification of the
three-fluid problem above, with the aqueous solut{ashose properties depend on the
concentration of solutes) being the fluid of comcas it is considered the primary vehicle for
contaminants to reach the saturated zone and thbezlome available to water supply wells.
Although the air (or vapor) phase is usually coesd the secondary vehicle its role can be
significant, especially if the vapor phase develaplsigh concentration of fuel component
such that density effects incur transport. Thetirdasignificance of vapor transport is
determined in part by the relative magnitudes ef\blatility and Henry’'s Law partitioning
coefficients, and the density increase in the vabaise.

In addition to the aqueous phase fluid propertibs, porous medium properties also
contribute to the infiltration process, but for angarative risk assessment the primary
concern is the relative effect on the water sofuppooperties of viscosity, interfacial tension
(here between water/fuel component solution ang amd density. Chemical solutes present
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in the aqueous phase can change each of thesepbagerties with significant outcome for
water flow and transport. Comparative risk assessitesome degree can be addressed by
computing relative differences in fluid mobiliti@nd capillary pressures within the context
of ideal conceptual models for infiltration such steady-state vertical flow under a unit
hydraulic gradient.

Another consideration in unsaturated flow is thieaf of capillary forces on residual
water content after passage of a moisture plungparsuch transient conditions in general.
As described above for the NAPL infiltration progesiterfacial tensions among air, water
(as solution), and the porous medium solid phasésrahine the contact angle between the
agueous solution — air interface and the aqueolsti@osolid surface; while in the
unsaturated aqueous-air case, the water phasetimgyehe degree of wettability may
change with solute concentrations such as fuel cowens.

As in the NAPL infiltration case, column experimenmay also prove useful in
assessment of relative effects on water infiltratioesidual content, and vapor phase
concentrations. Experimental study of water rethigtron under capillary forces requires
multidimensional observations that may be consai¢neaugment evaluation based on fluid
properties.

Dissolved phase transport in subsurface: SaturatedEvaluation of aqueous phase
transport in the saturated subsurface seeks tessldelative rates of motion with a moving
water phase. Motion in the saturated zone is géperauch more rapid than that in the
unsaturated zone, and so risk assessment quetdigiesing the saturated zone more often
have to do with rates of transport to water supmyrces that are as much impacted by
partitioning and sorption (next section) as bydltiansport. Also remediation strategies and
their relative expected performance can be padiyressed by considering saturated zone
transport processes. For instance the conventitmahp and treat” technology involves
removal of the contaminant by recycling (with treaht) of the saturated aqueous phase.
Under a particular hydrogeologic regime, controllsdthe hydraulic gradient, the porosity,
and the permeability, the ambient velocities arestproperties of the environment, and the
dissolved fuel component properties that matter etentual fate and transport are
contribution to solution density, and diffusion ffia@ent. These contribute to density-driven
transport and mass transfer by diffusion, respelstivAs in the NAPL case, density-driven
transport imparts an additional vertical velociiythe solute plume when the solution density
is greater (downward velocity) or lower (upwardoaty) than the ambient fluid. Diffusion
provides for entrapment of solute in low-perme#&pithaterials present either in well-mixed
or poorly mixed subsurface environments, and sévecempounds pump and treat
strategies.

Partitioning and Sorption.

Revised fuel formulations can negatively impactexvajuality in several different ways.
The most direct and obvious possible impact is tleat constituents (e.g., fuel additives)
that were not present in the reference fuel mayractate in environmental compartments
that provide routes for exposure to these compobydsumans or other receptors at levels
expected to be detrimental. A less direct typeaieptial impact of the reformulated fuel is
that it may increase exposure of receptors (hunoarequatic organisms, for example) to
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hazardous substances that are present in botheteeemce and reformulated fuels. This
second type of effect might arise for three maasoms:

» Altered partitioning. Fuel constituents released to the environment beldistributed
among several environmental compartments includinge-phase product (i.e.,
nonaqueous phase liquids, NAPLS), dissolved indtpgeous phase, adsorbed to solid
phases (e.g., soils or sediments), or the vaposghany change in this distribution
caused by the addition (or removal) of particulael fconstituents will result in altered
exposure to hazardous compounds. This change lidepnatic if it increases constituent
concentrations in environmental compartments thatedthe exposures, but may be
beneficial if it increases concentrations in compants responsible for producing little
or no exposure in the reference fuel case.

» Displacement of previous contaminatioRlazardous constituents may have accumulated
in particular environmental compartments over ti@g., sediments or soils) because of
historical releases of the reference fuel from,dgample, an underground fuel storage
tank. If constituents in the reformulated fuel chsplace the accumulated constituents, a
temporary but significant exposure to the hazardomsstituents may be created by
release of the reformulated fuel.

Reduced biodegradatio®iodegradation of hazardous fuel constituents bmayeduced
by addition of a new fuel constituent for sevemdgsons including (i) toxicity of the new
constituent toward organisms responsible for bicaggtion of the hazardous compound(s),
(i) preferential use of the new constituent asasbon or energy source by degrading
populations, suppressing or eliminating degradatdnthe hazardous constituents, (iii)
alteration of the local environment (e.g., redatist) in such a way to block degradation of
the hazardous constituent.

Biodegradation.

Basic concepts and background material regardirgfdegradation is provided in
Appendix F. In this section we provide a brief suanmof assessment and measurement
methods.

Biodegradation is an important fate process forepwdl removal of chemical
components of revised fuel formulations that eatgratic, soil or groundwater environments
and, consequently, has the potential to substintiatiuce exposure of humans and other
receptors. The potential for biodegradation is acfion of the chemical’'s structure, the
environment into which it is released, and the $ypé microbial populations present. In
addition, release of these components may increas®&n exposure to reference fuels that
would otherwise undergo natural attenuation. Thes@mce of new fuel components may
have indirect impacts (e.g., inhibitory or stimolat effects) on existing contaminants from
fuel because the new compounds may compete fotr@heacceptors (oxygen, nitrate) or
because of metabolic interactions (inhibition, tityi) (see below).

Assessment of biodegradation potential—overviéive requirements for biodegradation
testing of new chemicals vary widely among agendiesh in the US and internationally.
Many international agencies have published teginogpcols for new chemicals and the most
extensive set are those published by the OECD aortum of European agencies, the
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European Economic Community, WHO, and the Unitetidda). Other approaches include
those of the EC and the US EPA.

We summarize test protocols, focusing primarilytbose recommended by the OECD,
and then make recommendations based on this frarkeiost of the information included
here is derived from publications of the OECD (OE@D04) and the European Chemical
Bureau (ECB, 2006).

The approach for biodegradation testing adoptettheyDECD is based on three levels of
testing that are categorized as follows:

* Ready biodegradability, or screening;
* Inherent biodegradability; and
* Simulation of environmental compartments (e.g. &igusoil, sediment).

The potential for formation of potentially persistantermediate compounds from the
metabolism of the target compound must be congidasevell, and this occurs at the second
level if there is evidence of partial mineralizatigdefined as conversion of an organic
chemical into its mineral constituents, e.g. cardmxide).

The ready biodegradability tests include the dissslorganic carbon (DOC) die-away,
carbon dioxide evolution, modified MITI, closed tlef modified OECD screening, and
manometric respirometry tests. The inherent bicaldagpility tests include the modified
semi-continuous activated sludge and modified 2aleilens/EMPA tests. The simulation
tests defined by OECD include the aerobic sewagmrtrent tests but must be expanded, for
the purposes of our objectives, to include testsafrobic and anaerobic soils, anaerobic
sediments, lake and estuarine waters. All OECD taxst described in detail in OECD (1995)
and the relevant material can be found in Appefdix

These tests vary in their ease of implementatiost and how representative they are of
environmental conditions. Ready biodegradabilitgtdeinclude screening assays using
standardized and simplified conditions and micrblimeculants, such as the Biological
Oxidation Demand (BOD) test.

Simulation of environmental compartment tests amenfrealistic’ assays in which
removal of chemicals is measured in microcosms tfotbed experimental systems)
simulating potential environments into which thekemicals may be released (e.g., aerobic
microcosms containing soil). In the latter casds,may not be possible to isolate
biodegradation potential independently but insteagé may be looking at the effects of
multiple environmental fate processes. Also, giwbat multiple environmental factors
(temperature, pH, soil organic matter, presenceotbier nutrients, and so forth) and
biological factors (types and numbers of microorgias able to degrade the chemical, types
of metabolic pathways they possess), it is diffitalextrapolate, with confidence, from one
set of experimental conditions to another.

Some of the requirements for an acceptable tesbdsimating that a chemical “passes”,
e.g. shows signs of biodegradability, include wieving (OECD, 1995):

» A positive control (using reference chemical knawmiodegrade) should indicate
substantial removal during the test period.

* A negative control (no chemical) should show naagation of chemical removal (e.g.,
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measured by carbon dioxide production) during pesiod
* No more than 20% variation in replicates when meaguraction removal
* At least 10% removal of the test chemical shoulkcboin a 10-day period.

There is more emphasis on aerobic than anaerohiztoemental conditions in the
approaches considered above and this is problerfatithe assessment of new fuels. A
common pathway for release into the environmergdeakage of these chemicals from a
service station into an environment low in oxygeftgh due to previous consumption of the
oxygen during biodegradation of the petroleum ammants). Careful consideration of the
particular exposure scenario(s) (e.g., releaserdarglwater? release to aquatic sediment?)
likely to be relevant for a particular chemicahis important part of the third tier of testing.

The types of soils, sediments and surface watsteddn the simulation test should be
representative of the environmental conditions whese or release of the chemical will
occur. Specific guidelines describing the collegctidbandling and storage of soil samples,
based on the ISO Guidance documents, are provigl@ECD (OECD, 1995)

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

Major differences between the OECD and the EC amtres include that the mass of
chemical produced can also trigger the progressiothe chemical into a higher tier of
testing, and scientific judgments regarding thedbgradability of a chemical can be used to
move a chemical into a higher tier of testing. T$sie of permitting scientific judgment on a
case by case basis is an important one to includer guidelines for multimedia assessment,
particularly to determine the need for more stritd@odegradation testing (e.g., at a higher
tier) of a chemical when deemed appropriate. Rirtaé EC scheme puts more emphasis on
soil and sediment biodegradation tests than dee®HCD and this is an important emphasis
for our purposes as well because of the high piaiiot release of new fuel components into
soils and aquatic ecosystems.

C. Tier Il Life Cycle Comparative Risk

For Tier-lI, we recommended the use of a Life-Cysksessment (LCA) Process that
includes basic information on the likely level ofZard, but at Tier Il this process is
expanded to include more information on exposunecity, and risk. Information at Tier |
includes a list of toxic chemicals released at estabe of the fuel life cycle, any measures of
toxicity available for these chemicals (LD50 andhest measures of toxicity, regulatory
criteria and standards including AAQS, referencedsxre Levels (RELs) and Reference
Doses (RfDs), cancer potency factors, etc.), estisnaf the approximate magnitude of
release, and identification of the environmentadimen likely to receive the release (air,
surface water, soil, ground water, etc.). In casttta this screening approach, at Tier-1l the
goal is to systematically include information abth& potential effects of harmful emissions
and resource demand so that the applicant and M8/M can make a comparative risk
assessment for the fuel or fuel additive relatveagreed upon comparison fuel. The LCA
approach can be extended to a comparative rislsssgat to make these risk calculations.

Page 35 of 68 UCRL-AR-219766



Recommendations on the Scientific I nformation for
California Fuds Environmental Multimedia Evaluations

One method is the life-cycle impact assessment AL @lithin LCA provides a systematic
process by which emissions are evaluated and netexg with regard to potential life-cycle
health and environmental impacts. The second methtwduse a site or population exposure
based comparative risk assessment approach.

LCIA Approach

The LCIA is an important input to the Tier-ll ansily and is an important part of
evaluating potential release scenarios and idengjffhose that pose the greatest hazard. A
risk calculation based on LCIA methods is outlifedbw.

A variety of environmental impact indicators ands@sated indicators have been
developed and more continue to be used as LCIA adetbgy evolves. LCA practitioners
and developers around the world continue to expkmd improve impact assessment
methodology. Further description of life cycle inspassessment methodology, including
discussion on what is and is not LCIA, can be founda report of the Society of
Environmental Toxicology and Chemistry (SETAC, 1p97he scope of an LCA typically
does not allow for a full-scale site specific res&sessment. But in the European Union and
the US EPA there is widespread use of LCIA toolsike comparative risk assessments.

A toxic equivalency potential (TEP) is a heterogmre LCIA metric that addresses
potential impacts from releases of several chemicato a number of environmental
compartments (Hertwich et al., 1997, 1998, 200EP3 provide transparent representations
of actual processes based on primary attributegs@ hattributes are developed using
measured and/or estimated data in models that foouactors judged to be crucial. The
human toxicity potential (HTP) is a quantitative HEhat was introduced by Hertwich et al.
(2001) to reflects the potential harm of a unit mitg of chemical released into the
environment by including both inherent toxicity agdneric source-to-dose relationships.
The TEP uses the HTP framework as a starting point.

The SETAC Europe Working Group on Impact Assesss@iiduschild and Pennington,
2000) has proposed three factors to characterineahuand ecological effects in LCIA.
These are (1) an emission factor to account forsnh@eding, (2) a source-to-concentration
factor to account for transport and transformatao (3) a toxicity factor to account for
harmful effects. With this framework, an LCIA impazore S is presented as the product of
three factors:

" =MR"E" (1)

Where M is the total mass loading of the emissiamdl/d; F is a fate factor, mol/m3 per
mol/d; and E is an effect factor, damage per mol/fi& index i represents the chemical, n
the environmental compartment to which the emisstoreleased, and m the medium of
exposure of the ecosystem or human, air, soil, wéed, etc. In order to obtain the total
impact score within an impact category for all esiwas in the functional unit, life cycle or
life cycle stage, the individual impact scores sumimed across chemicals, compartments of
release, and media of exposure:
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Comparative Risk Assessment Approach

The comparative risk assessment approach usesasfansk assessment methodology.
The LCA exposure information gathered from the wptén in Tier Il is used. Distinct
populations are identified, either around a fixemnp or site that is exposed to emissions
from that site or a larger population, such asrinaa basin, which is exposed to common
emissions. Risk assessments for each populationy @iposure assessments for a base or
control fuel and alternative fuel or fuel additieee done and compared. The change is
potential hazard from using the alternative fuelfwel additive can be determined. The
relative change in hazard and the relative impogam exposure for the combined
population can be evaluated and risk managemeigidies can be made.

Uncertainty and Sensitivity

Confronting the capabilities and limitations of lAClIcalculations requires model
performance evaluations. This evaluation shouldnedé the degree of uncertainty in the
assessment and illustrate the relative value oeasing model complexity, providing a more
explicit representation of uncertainties, or asdargbmore data through field studies and
experimental analysis. Uncertainty in risk assessnpeedictions arise from a number of
sources, including specification of the problemrnfalation of the conceptual model,
estimation of input values and calculation, intetation, and documentation of the results.
Of these, only uncertainties due to estimation mut values can be quantified in a
straightforward manner based on variance propagdéohniques. Uncertainties that arise
from miss-specification of the problem and modehfolation errors can be assessed using
tools such as decision trees or based on eliatati@xpert opinions (Ragas et al., 1999).

Sensitivity and uncertainty analyses are powedals for assessing the performance and
reliability of models. As applied to mathematicalodels, sensitivity analysis is
guantification of changes in model outputs as allresf changes in individual model
parameters. Uncertainty analysis is the deternunadif the variation or imprecision in the
output function based on the collective variatidrttee model inputs. A full discussion of
sensitivity and uncertainty analysis is providedNlorgan and Henrion (1990) and the
volume edited by Saltelli et al (2000). The goalaokensitivity analysis is to rank input
parameters, model algorithms or model assumptianshe basis of their contribution to
variance in the model output.

D. Frequently Asked Questions

Beyond the basic processes covered in the prewobsections, fate and transport
conceptual model questions that should be addresskedie:

. Will there be any changes in tailpipe emissiong twald affect water quality (i.e.,
through washout)?

. What are the effects on capillary and soil poredtiions and partitioning within the
soil environment?
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. What are the effects on the fate and transportudise and groundwater plumes —
Once it reaches water, will a modified fuel plumewva faster or farther or be more
persistent than, for example, ultra-low sulfur éiés

. Will there be any relative change in biodegradati@tes? Biodegradation of
hazardous fuel constituents may be reduced byiaddif a new fuel constituent for
several reasons including (i) toxicity of the newnstituent toward organisms
responsible for biodegradation of the hazardouspoamd(s), (i) preferential use of
the new constituent as a carbon or energy sourceddyrading populations,
suppressing or eliminating degradation of the hdaag constituents, (iii) alteration of
the local environment (e.g., redox status) in sackay to block degradation of the
hazardous constituent.

. What will be the ultimate fate of the product bymgmonent as compared to existing
fuel specifications or for the new components i todified fuel that are not already
in existing fuels (mass balance)?

. Will daughter products be produced during natunavirenmental transformation
processes and what is the hazard associated ek thaughter products?

. What will be the impact if a release commingleshwéxisting soil/groundwater
contaminated with petroleum hydrocarbons or fuditaces such as MtBE or Tert-
Butyl Alcohol (TBA)? Specifically, will the modifie¢ fuel mobilize petroleum
contaminants in soil or groundwater?

E. Outcomes from Tier Il

The end products of Tier Il are a Risk Assessmeaitolol report and a Tier II| MMWG
and CalEPA approval. The Tier I MMWG review repavill define the steps needed to
revise the Risk Assessment Protocol that will beceked to prepare a Tier Ill Multimedia
Risk Assessment report. .
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VII. Tier lll: Execute the Multimedia Risk Assessment

During Tier lll, the products of the Tier Il effertare used by the applicant to prepare a
final comparative Multimedia Risk Assessment. AafiMultimedia Risk Assessment report
is prepared and submitted to the MMWG for evaluatiod preparation of recommendations
to the Environmental Policy Council. Prior to subalito the Environmental Policy Council,
the submitted Final Multimedia Risk Assessment repas well as the MMWG
recommendation will undergo independent externpeexTier 11l Peer Review.

Due to the level of specificity and uniqueness thiit likely be encountered with each
newly proposed fuel or fuel component, the guidaoffered in this section will focus
primarily on the general information and format akee for the Final Report and Tier Il Peer
Review.

It is anticipated that applicants may be eagertteamline the multimedia evaluation
process and may seek to proceed directly to thpapa&ion of the Tier Il Final Report,
especially if the application process is viewedezhindant with prior applications elsewhere.
The evaluation of Tier Il application materialswever is based on the mutual concurrence
between the State and the applicant of the hypethesnceptual models, and plans justified
in Tiers | and II, that are unique. Therefore, tlek of this strategy may be realized if the
MMWG or the Tier Ill Peer Review Experts find tHaty analysis have not been performed
or uncertainties have not been properly addresBeid. could result in expenses during the
multimedia process that were unproductive and mmidit expenses that will be needed to
complete the process, including a restart fromsTikor I.

A Summary of Tier | and Tier Il Results

Since the Multimedia Final Report will be submittedd an independent external peer
review panel, the panel will need sufficient infaton to understand the steps and
agreements that have been reached during the mavémeugh Tiers | and Il. There should
be sections in the Final Report that are devotesitomarizing:

* Summary of impacts from the standard base fuel.

* Fuel Life Cycle Analysis and release scenario agsimms and conclusions.
» Transport and fate conceptual model hypotheseassumptions.

» Exposure pathway and toxicological hypotheses asdmaptions.

» Key uncertainties that have been identified and rttethods and approaches taken to
address these issues.

* Methodology used during the comparative Multimddisk Assessment.

» Hazardous waste generation and management, ifaardhous waste is identified.
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B. Findings and Conclusions of the Comparative Multnedia Risk
Assessment

In addition to presenting the results of the congulemultimedia risk analysis, the
findings and conclusions of Final Multimedia Riskss®ssment report should include
sections that explicitly discuss the following togi

* Impacts to air resources

* Impacts to water resources

* Impacts to human health

* General environmental impacts
* Waste management issues

¢ Cost-benefit tradeoffs
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IX. RECOMMENDATION AUTHORS

TIMOTHY R. GINN - Author and Editor

Professor, Department of Civil and Environmentagiaering, University of California, Davis.
Prof. Ginn’s research and teaching is focused @mijative analyses of environmental systems
with abiotic/biotic mixtures, including biogeocheral cycling and risk assessment endpoints.
He has studied reactive transport of multiphaseltitbomponent mixtures with inorganic,
organic, and biotic components in natural and eggied environments. His research in
guantitative risk assessment includes dose-streattpopulation dynamics and ecotoxicology,
inactivation of particle-associated pathogens instesgater, and experimental protocol for
multimedia risk assessment. His research in qudivit hydrogeology includes multi-component
fate and transport in the natural subsurface, biedkation and bacterial/ colloidal transport in
porous media, kinetics of biotic reactions withdagstimation of groundwater recharge and age,
and inverse problems. He has published over 6@lestior book chapters in environmental
modeling and hydrogeology.

THOMAS E. McKONE - Author and Editor

Adjunct Professor, School of Public Health, Univigrsf California, Berkeley

Senior Scientist, Deputy Department Head, Indoasitenment Department, Lawrence Berkeley
National Laboratory, Berkeley CA.

Dr. McKone’s research interests include the develoqmt, use, and evaluation of models and
data for human-health and ecological risk assessneimemical transport and transformation in
the environment; and the health and environmentphcts of energy, industrial, and agricultural
systems. He is responsible for the developmentabT @X, a model first used by the California
Environmental Protection Agency to conduct multimmedsk assessment for hazardous waste
and air pollutants. More recently, CalTOX has based for assessing the behavior of persistent
pollutants and for life-cycle impact assessments.adidition to his research and teaching
activities with the University of California, Dr. 8Kone is active in other research, regulatory,
and professional organizations. He has been a meofilseveral National Academy of Sciences
Committees and served six years on the EPA SciAdeesory Board. He is past-president of
the International Society of Exposure Analysis ®$EBnd has been on consultant committees
for the Organization for Economic Cooperation anev&@opment (OECD), the World Health
Organization, the International Atomic Energy Aggnand the Food and Agriculture
Organization. The ISEA awarded him the 2003 Corgtdan Mehlman Award for “contributions

in exposure analysis research” that have provideew" approaches for the reduction or
prevention of exposures” and have “helped shapematand state policies.” Dr. McKone is
author or co-author on more than 100 papers inmpéewed journals.
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Laboratory, University of California, Livermore, [@arnia.

Mr. Rice is an expert on the fate and transpoxarftaminants in subsurface sediments, ground
water, and the marine environment. He directed gheparation of the assessment of the
environmental impacts of the use of ethanol asehdyygenate in California and was the Project
Director for the evaluation of multimedia impacesulting from the use of PuriNOx fuel in
California. He has directed the Chlorinated Vota@irganic Compound (CVOC) Historical Case
Analysis Study, the Department of Defense Petrolddydrocarbon Cleanup Demonstration
Program and was the lead scientist for a team ofddsity of California collaborators assisting
the State of California in re-evaluating leakinglerground fuel tank cleanup decision-making
processes. During his 30 years at Lawrence LiveenNational Laboratory (LLNL), Mr. Rice
has participated in the management of the LLNL dupe sites and directed and performed
research on environmental decision-making, informmatmanagement, and decision support
systems for the optimization of environmental reragon. His research includes the application
of risk-informed decision-making to environmentatstoration activities, the life cycle
environmental impacts of fuel choices, and cos#heranalysis and multiple stakeholder
interactions during environmental decision makikly. Rice has authored/co-authored over 60
publications.

MICHAEL L. JOHNSON - Author
Associate Research Ecologist, John Muir Institdtdne Environment, University of California,
Davis.

Dr. Johnson is an expert on ecological risk assessin terrestrial and aquatic environments.
He has worked on ecological risk assessments a¢ M&nd Naval Shipyard and Edwards Air
Force Base, both in California. He has served aseveewer of several ecological risk
assessments including Alameda Naval Air Statiod, @@rformed the ecological risk assessment
analysis for the University of California’s assessinof the risk posed by the release of Methyl
Tertiary Butyl Ether (MTBE) to the environment. .[Johnson also served as a reviewer for the
ecological risk assessment portion of the analykthe potential impacts resulting from the use
of PuriNOx fuel in California. He is on the editariboard of the Bulletin of Environmental
Contamination and Toxicology and regularly servesaareviewer for numerous journals on
subjects such as ecological risk and chemical cointion of water, soil, and biota. He also
served as a member of the expert panel to revieant#ac studies proposed as benchmarks for
toxicity assessments used in the ecological ridessnent at Vandenberg Air Force Base,
California. Dr. Johnson was the Director of the tBga@ology Lead Campus Program of the
University of California Toxic Substances Resea&cleaching Program. His past and current
teaching responsibilities at the University of @alia, Davis include Introduction to
Environmental Toxicology and a graduate level ceuis Human and Ecological Risk
Assessment. Dr. Johnson’s current research invohwesstigating the exposure and effects of
metals and organic compounds on organisms in ageedsystems.
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JEROLD A. LAST - Author
Professor in the Division of Pulmonary and Critiédhre Medicine, Department of Internal
Medicine, School of Medicine, University of Califoa, Davis.

Professor Last served as Director of the Toxic &ulees Research and Teaching Program, a
University of Californa (UC) System-wide progranmgr falmost 20 years, and is currently
Director of an National Institute of Health Fogatftgernational Center to promote research in
environmental toxicology and environmental epiddogy in South America, especially
Uruguay, Argentina, and Chile. Previously he wasexhair of the Department of Internal
Medicine at UC Davis and Chair of the Graduate @rouPharmacology and Toxicology. He
chaired an UC System-wide panel that advised the gin policies with regard to MTBE in
gasoline. His Ph.D. degree is in Biochemistry. Haintains an active research laboratory that
studies mechanisms of pathogenesis of asthma aith ledfects of air pollutants on the lung,
and has authored/co-authored more than 200 publisain technical journals.

KATE M. SCOW - Author
Professor, Department of Land, Air and Water ResgsjrUniversity of California, Davis.

Professor Scow teaches and conducts researchdrétaggvironmental microbiology, microbial
ecology and contaminant fate and transport in swits groundwater. Current research activities
include remediation and biodegradation of MTBE @edchlorate in the subsurface, impacts of
ethanol on natural attenuation of petroleum, andpaicts of antibiotics on microbial
communities. Prof. Scow is also Director of the Key Foundation of Soil Science, an
endowed UC program that funds research on soilsveatér. With academic degrees from
Cornell University in Soil Science (M.S., Ph.D),oRr Scow is broadly interested in
understanding and managing microbial processes tobatribute to the remediation of
contaminants in the environment. Prof. Scow habaatl/co-authored over 120 publications in
technical journals.

THOMAS M. YOUNG - Author
Associate Professor, Department of Civil & Enviremtal Engineering, University of
California, Davis.

Professor Young teaches and conducts researchedelat environmental chemistry and
contaminant fate and transport. Current researthitees include remediation and transport of
organic contaminants in the subsurface, multimeadiasfer of contaminants, transport and
transformation of pesticides, and the impacts ofnstwater on surface water quality. Prof.
Young worked in the Office of Underground StoragaHs in the US Environmental Protection
Agency and has been involved in technical and padisues related to prevention and cleanup of
underground fuel releases for more than 20 yeargh \&cademic degrees in Chemical
Engineering (B.S.), Public Policy (M.P.P.) and Eowmental Engineering (Ph.D.), Prof. Young
is broadly interested in environmental decision mgkespecially in the quality and utility of the
underlying information. Prof. Young has authoreeécwhored over 35 publications in technical
journals.

Page 46 of 68 UCRL-AR-219766



Recommendations on the Scientific I nformation for
California Fuds Environmental Multimedia Evaluations

X. APPENDICIES

Page 47 of 68 UCRL-AR-219766



Recommendations on the Scientific I nformation for
California Fuds Environmental Multimedia Evaluations

Appendix A: List of websites for regulatory information

Cal EPA homepagétttp://www.calepa.ca.gov/

Cal EPA regulationshattp://www.calepa.ca.gov/LawsRegs/

ARB regulationshttp://www.arb.ca.gov/html/lawsregs.htm

DTSC regulationshttp://www.dtsc.ca.goythen click on “Laws, Regs, and Policies.”

DTSC fact sheet for hazardous waste generators:
(http://www.dtsc.ca.gov/HazardousWaste/upload/HWM G&nerator Requirements.pdf

OEHHA regulationshttp://www.oehha.org/prop65/law/index.html

WRCB regulationshttp://www.swrcb.ca.gov/water_laws/index.html

CA Health and Safety Code:
http://www.leginfo.ca.gov/cgi-bin/calawquery?codasem=hsc&codebody=&hits=20
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Appendix B: Example Release Scenarios for the uséethanol in gasoline (Rice, D.W., S.E. Powers, and
P. J.J. Alvarez. 1999. Potential Scenarios for Etml-Containing Gasoline Released into Surface and
Subsurface Waters. Vol 4, Chapter 1n Health and Environmental Assessment of the Use &thanol as a
Fuel Oxygenate. Lawrence Livermore National Laborabry. UCRL-AR-135949).

Release Scenario:
AST Release

Site Characteristics

Production:

Likelihood of
Occurrence

Risk Assessment Issues

Risk Management
Options

This scenario assumes a larg
volume (> 30,000 gallons)
bulk ethanol release to soils
and ground water at an
ethanol-manufacturing site.
The release is assumed to beg
from a high-volume
aboveground storage tank
(AST) or associated piping.

eThis scenario assumes bu
ethanol release into
relatively pristine
subsurface conditions. Fu
hydrocarbons are assume
to be historically absent.

lISmall likelihood of
occurrence. Since
California currently has

efew ethanol production

dracilities, this scenario
represents a release that
could occur once biomasyg
ethanol production
facilities are constructed if

California in the future.

Toxicity to ecological
receptors in direct contact
with the release. Case
studies indicate that
ethanol is relatively rapidly
degraded in the subsurfag
environment.

Engineered containment
control potential release,
e.g., double walled tanks
and piping. Spill
prevention and

econtainment contingency
(SPCC) Plans typically in
place.

Page 49 of 68

UCRL-AR-219766



Release Scenario:
Bulk Ethanol Transport
by Rail or Highway

Recommendations on the Scientific I nformation for
California Fuds Environmental Multimedia Evaluations

Site Characteristics

Distribution:

Likelihood of
Occurrence

Risk Assessment Issues

Risk Management
Options

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

This scenario assumes a
bulk ethanol release into
frelatively pristine surface
| and subsurface conditiong
where fuel hydrocarbons
are assumed to be
historically absent.

Moderate likelihood of
occurrence. Since
California currently has
few ethanol production
facilities, most ethanol
used will initially be
transported into the state
by rail tanker car or truck.

Toxicity to ecological
receptors in direct contact
with the release. Potential
to impact surface aquatic
ecosystem. It is likely that
volatilization as well as
biodegradation will be
important mechanisms in
the rapid natural
attenuation of the bulk
ethanol.

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

Bulk Ethanol Transport
by Marine Tanker

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

This scenario assumes a
pbulk ethanol release into

the near shore coastal

marine environment.

Low likelihood of
occurrence. The marine
shipping of ethanol will
increase since distribution
hubs will prefer to receive
larger quantities and
minimize the handling of
rail cars.

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

Require shipment in
marine tankers with doubl
wall construction.

Page 50 of 68

UCRL-AR-219766




Recommendations on the Scientific I nformation for
California Fuds Environmental Multimedia Evaluations

Distribution (Continued):

Bulk Ethanol Storage ata  Site Characteristics Likelihood of Risk Assessment Issues Risk Management
Distribution Terminal Occurrence Options

This scenario assumes a largeFuel hydrocarbons are Moderate likelihood of The ethanol is assumed to Engineered containment t

volume bulk ethanol release toassumed to be historically| occurrence. interact with soils control release, e.g.,

soils and ground water at a
distribution hub or terminal.
The release is assumed to beg
from a high-volume
aboveground storage tank
(AST) or associated piping.
ASTs at a distribution hub m4
contain >150,000 barrels of
ethanol.

present and may be prese
as free product trapped in
the subsurface. MTBE
may be present in the free
product.

Yy

nt

contaminated with existing
fuel hydrocarbons. Will
previously immobile
hydrocarbons now be
mobilized to the ground
water? Will an existing
fuel hydrocarbon ground
water plume be expanded

) double walled tanks and
piping. SPCC Plans
typically in place. Manage
the location of ethanol
ASTs to avoid known
areas of fuel hydrocarbon
releases. Remediate the

?fuel hydrocarbon releases.

Release Scenario:
Blended Gasohol Release
During Transport

This release scenario assumg
that ethanol is blended with
gasoline at a distribution
terminal or refinery and
transported by tanker truck to

gas station. A large volume (+

5000 gallons) of blended
gasoline/ethanol (10% or 6%
gasohol) could be released
from tanker truck to soils and
ground waters or surface

rdReleases occur into
roadside environments
where fuel hydrocarbons
are historically absent.

a

waters.

Moderate likelihood of
occurrence.

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

Site Characteristics

Likelihood of
Occurrence

Risk Assessment Issues

Risk Management
Options

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

Small masses of fuel
hydrocarbons are assume
to be historically present i
the subsurface.

drelease scenario.

"I

A likely and common

The ethanol is assumed t(q
interact with soils

» Underground storage tank
over-fill buckets associate

contaminated with existing with up-graded USTs

fuel hydrocarbons. MTBE
may be present.

should minimize these
releases.

This scenario assumes a smalReleases may occur into

puncture of the UST or
associated piping resulting in
low volume release of blende
gasohol (~ < 3 gallons per
day).

subsurface environments
awith or without historic
dfuel hydrocarbon
contamination.

A likely and common
release scenario.
Evaluation of this scenarig
will be important to
estimating potential
impacts to ground water
resources.

This scenario has the

Current requirement for

potential to release a large USTs to use double wall

cumulative mass of
gasohol because of the
large number of USTs in

containment reduce the
likelihood of this
scenario’s occurrence.

operation and the potentidl There remain some issue

for small leaks to go
undetected.

with materials
compatibility with ethanol.

This scenario assumes a larg
puncture of the UST or
associated piping resulting in
high volume release of
blended gasohol (~ > 10
gallons per day).

eReleases may occur into
subsurface environments
awith or without historic
fuel hydrocarbon
contamination.

Moderate likelihood of
occurrence.

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

Current requirement for
USTs to use double wall
containment reduce the
likelihood of this
scenario’s occurrence.
There remain some issue
with materials
compatibility with ethanol.
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Site Characteristics

Use:

Likelihood of
Occurrence

Risk Assessment Issues

Risk Management
Options

Release from watercraft

emissions into surface waterq.

Pristine freshwater lakes
and rivers.

A likely and common
release scenario

The biodegradation of
ethanol in surface waters |s
expected to rapid. Low
increases in nutrient
loading may occur.

Rainout of tail pipe emissions
and combustion products to

surface soils and waters.

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

b

A likely and common
release scenario.

Henry’'s Law partitioning
calculations will be a good
first approximation of the
magnitude of the ethanol
rainout. The
biodegradation of ethanol
in surface waters is
expected to rapid.
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Appendix C. EPA Guidelines for Human Health Testimgy

February 10 1998

LS Submission to Meeting
of QECD Working Party on Existing Chemicals
February, 1999

HF'Y Chemical Human Health Testing:
Animal Welfare Issues and Approaches

EPA 15 mounting a very extensive prograrm o obiain oxicological screening informmation on
chemicals of High Production Volume (HPV 1. that is. substances produced in excess of 1M Ibivear.
Current informaton indicates that there are about 2500 chemicals with thar designation. Various
parties have noted that if each chemical in the program were 1o be tested for eich of the uman heilth
effects tests, o large number of animals would be emploved. In recognition of these concems, the
Agency has given thought to the issue and is developing a sirategy o reduce animal use while stitl
generating needed high quality health information:

Muny differem paths are being investigated to ensure the minimization of animal vsage and
optimization of procedures for those animals that gointo test in the HPY testing programy

1. Decreasing chemicals going into test

i Industry will determine whether adequate information on chemicals
already exists for the virious endpoints. We do not wint to retest chemicals.

b. EPA has relessed a dats adequacy document which provides suidance
om making such determinations. EPA is also in the process of developing
puidance on procedures lor searching the literature on other sources of
existing information.

£ Both the OECD’s HPV Progriam and the HPY Challenge in the
7.5 encourage industry to develop categories of chemicals which can be
assessed as @ group. These categories of related chemicals are expected 1o
share chemical and binlogical attributes. Instead of gaining information on
all members of & category. attempts will be made o idenufy testing
stratepies that will identify individual materials which are representaitive of
the category. By testing the ientified individual materials. we should be
able to characterize the potential fate and effects of the whole category.

(i Structure-activity relationships (SAR) will help to identify poential
toxicities and other effects of individual chemicals based on Quantitative
Struciure Activity Relationships (QSARs) or “read-across” (i2.. analogue)
approsches.

2, Minimizing and optimizing animal use in tests
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The HPY 1esting progrim inclodes scquisiton of health effects dita for chemicals on
acute toxicity, reproductive oxicity, developmental toxicity. 28-day repeted doze toxicity
and mutagenicity. Mumgenicity data requirements can be fulfilled with bacterial gene
mutation, in viire mammalian cyviogenstics (for pre-existing informationy and in vivoe
micronuctens (for pre-existing or newly generated information) . Several opportunities are
dvailable to evaluate the role of animals in testing and ensure that their use is being
appropristely addressed.

ik Replacement of animal testing. In spme cases we need not obtain
health hazird informiation in animals. Mutagenicity esting can be fulfifled by
bacterial svstems - (g.g., Salmonelia gene mutation) and. in some cases. by
cvingenetics in cultured mammilizn cells.

b. Refinement of animal testing. EPA suppons the emplovment of
federal and wvolunuiry measures to ensure humane care and upkeep of
laboratory animals. In addition. we plan 1o wilize principles developed inan
upcoming document on humine endpoints from OECD. This report will fay
ot signs of pain and stress inanimals that should be utilized in deciding when
10 terminite animals in @51

&, Reduction of animal testing. There are several opporiunites to
reduce the number of animals committed w est, Table 1 illusirates potential
dnimal savings for the case where some or all health effects tests are
performed on & chemical.

(1) Acute toxicity. There are 4 acute oral toxiciny tesis
approved by OECD, In the use of the traditional test (OBECD 401 1.
about M) animals are emploved (o sereen for wxicity following o
single exposure. Three alternative methods either refing or reduce
animal usage. Data from any of the acute methods may vield
appropriate informaton for HPY esting. Among the three afternative
methods, EPA his identified a preference for the up-und-down
method (OBECD 425) for the following reasons: it greatly reduces the
number of animals in comparison w OECD 401 (the up-and-down
method uses approximaiely & animals versus 30 in QECD 40G1); it
gives a point estimate of the LI¥A0: and it vields Information thit can
he used tr estimeate the wxicity of chemical mixtres in accordance
with the UN ranspont classification system.

{2} Reproductive and developmental toxicity. There
are separate test suldelines for l-generation reproduction toxicity
(OECD 415) and for prenate] developmental wxicity (OECD 414
revision of this test is ongoing at OECD). I separate reproduction
and developmental toxicity tests were conducted using current OECD
415 and 414 protocols. 320 animils would be used. To screen for
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reproductive and developmental wxicity and w reduce animal vsage
in comparisen o the separate test guidelines. EPA recommends use
ofa combined toxicity proweollOECD 421 for the US. HPY testing
program.

(31 ZR-Day repeated dose toxicity. Instead of conducting
i stand-olone 28-day oral toxicity test (OECD 407, the endpaoints
covered by that guideline can  bhe combined with the
reproduciion/developmental toxicity screen into OECD 422 with no
increasz in number of animals over that used in OECD 421

i4) Mammalian micronucleus. The traditional in vivo
micronucleus test is performed using 2 sexes and a concurrent posiive
and negative control. EPA s exploring the idea of using at least the
males fromn OECD 422 for all bt the positive control. Fenuales may
need o he dosed separately,

13) Owverall animal savings. By selecting specific tests.
there could be a significant savings inanimals committed (o test in the
HPY program. If the traditional acute, reproduction, developmental
and 28-day repeated dose toxicity sindies amd the imo wvivo
micronuclens test were separately employed, a il of 430 animals
might be used, By using altermative and combined west pmotocols. the
nurmber of inimals could be reduced 10 LIS, o savings of 322 animals
(=70%: ) per chemical. Actually, the =avings would be greater because
mast tests employ dose sighting studies.
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Table 1. Potential reductions in animal usage in the U5, HP'Y testing program

Human Health Toxicity Test ((ECD &)

Sample

Dise

E Animal Savings
Hire Sighting Cumpared to
{ApProx.) Siudy Traditional Test
(im beld s

ACUTE TOXICITY
01 Acuse ol taxiciny an ¥os
420 Fixed dose i) ¥os
423 Acute foxic eliss 9 [ie]
425 Up-and-down [ilH] 2z
REPRODUCTION/DEVELOPMENTAL
TONICTTY

164 Vs
415 One-generation reproduction oxicety
414 Temtepenicity 1641 yies
421 Reproduction/developmental toxicily screcn 0 yios Tan
2E-DAY REPEATED DOSE TOXICITY
407 Repeated dose 2R-dav oral toxicity Hi YR
422 Combined repeated dose 1oxicity and
reproductive’develeprental oxicity screen &l * Y8 A
MUTAGENICITY
474 NMummatian ervihrocyte micronuckeus | VER

2 Hexes
422 Combined developmental toxicity screen with
micronuclens test for males; femaley may peed an yos an
scparatd dosing. 2 seNEs
TOTAL ANIMALS REQUIRED
Without use of reduction strategies 441
With use of reduction strategies 115

TOTAL SAVINGS OF ANINMALS WITH USE OF 21
REDUCTION STRATEGIES (= T0% reductian|

* game animals as would be used in OBECD 421
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APPENDIX D. Background on Ecological Risk Assessmé

Ecological risk assessment uses a hazard quotexpe¢ted exposure divided by toxicity
reference value) approach to characterize risk fexposure to xenobiotic substances. The
toxicity benchmark used in calculating the hazandtegnt is a chronic No Observed Adverse
Effects Level toxicity endpoint. This endpoint elexted to reflect the assessment endpoint(s) in
the risk assessment and can involve everything fsomvival of individuals to reproductive
endpoints to biochemical function. Because of tidewange of receptor species that can be the
focus of an ecological risk assessment, toxicity dar the benchmark is obtained from a variety
of species, toxicity endpoints, and toxicity teatsd is extrapolated to the species of interest.
Consequently, there is no standard suite of tgxteists that are routinely used in ecological risk
assessment. As a result, regulatory authoritieg ldaveloped a series of toxicity tests that they
require during the process of evaluating ecologisélunder a variety of scenarios.

There is an enormous variation in testing requotdew chemicals in the United States mainly
depending on which law or statute they are regdlateder (Federal Insecticide Fungicide and
Rodenticide Act (FIFRA), US EPA Toxic Substancesttal Act (TOSCA), or neither). Such
“testing” may range from “toxicology by analogyhdt is, non-testing based upon structure-
activity arguments, to ‘“lifetime” testing for cancigens in at least two species. Many
international agencies have also developed minymadiceptable testing protocols for new
chemicals or new formulations that involve subs&hrossible exposures, and we have been
guided in our recommendations by the suggestemdestotocols from California programs, the
U.S. Environmental Protection Agency, and the Oiggtion for Economic Co-operation and
Development (OECD; cf. Figure 1 below in this Apgisi.

As specified in the U.S. EPA Ecological Effects fT€uidelines (OPPTS 850.1000 Special
Considerations for Conducting Aquatic Laboratorydies, EPA 712-C-96-113, April 1996;
http://www.epa.gov/opptsfrs/publications/OPPTS_Hamimed/850_Ecological_Effects_Test G
uidelines/Drafts/850-1000.pdf), the solubility astdbility of the test material must be known for
the conditions under which the testing will takeqd. The behavior of the additive and its
components must be based on experiments conducteéer uhe same conditions as those
occurring during the tests including but not linditie:

* Fresh or saltwater

* Temperature, pH, conductivity, lighting

» With test organism(s) in place

* Using the same test containers with the same ¢estittons (static/flow through)

Definitions of stability should follow the EPA guwelines. The concentrations of the chemicals
must be measured at the beginning and the endcedbiticity test to determine their stability. If
stability is a problem, tests should be conduct@dgustatic renewal techniques.

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

All toxicity tests must be performed using a suffit number of replicates to provide the
statistical power to detect statistically signifitadifferences between the treatments and

Page 58 of 68 UCRL-AR-219766



Recommendations on the Scientific I nformation for
California Fuds Environmental Multimedia Evaluations

controls. Specific guidelines for performing thepegures (e.g., EPA manuals) may allow for a
range of replicates to be used. However, the losver of the range may not allow for valid
statistical comparisons to be made, and the uppkrevof the range of replicates, or more,
should be used. It may be noted that even if thegestatistically significant differences between
treatments and controls, the value of the endgomithe treatment (e.g., survival) may be above
the accepted threshold indicating that there i®iotogically significant difference between the
controls and treatments.

Figure 1 Evaluation strategy for aquatic toxicity esting methods

Fresh
Warm
/ Fresh
BENTHIC TEST —— cold
\ Marine
warm
GROUPING OF METHODS
Marine
/ cold
TAXONOMIC
GROUP
Fresh
warm
| Mesocosm/Community Test
| Chronic, short and long-term
Fresh | Subchronic short and long-term
PELAGIC TEST cold | Acute, short and long-term
\ Marine Trophic level
warm - Prim. Prod. |
- Herbivore
- Carnivore -
- Degrader |
Marine _
cold
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! OEDC Series on Testing and Assessment #11. Dett@iléew paper on aquatic testing
methods for pesticides and industrial chemicalst P&Report ENV/MC/CHEM(98)19/Part 1,

February 1998.

Table 1. Proposed tests for the evaluation of &uelitives.

Test group Organism Test Test Endpoint
length Type
Freshwater
Pelagic
Selenastruneapricornutum(green S C Cell growth
algae)
Lemma gibbghigher plant) S SC  Growth
Ceriodaphnia(water flea) S A Survival
Ceriodaphnia(water flea) L C Life cycle —
reproduction
Pimephales promela$athead S A Survival (96 hr)
minnow)
Pimephales promela$athead L C Life cycle
minnow)
Freshwater
Benthic
Hyalella aztecgamphipod) L A Survival
Hyalella aztecgamphipod) L SC  28,35,42 day
survival
Chironomus tentan@nidge) L A/SC Life cycle test
(survival, growth,
emergence)
Marine pelagic
Macrocystis pyriferggiant kelp) S A Spore germination
and growth
Stronglocentrotus purpuratus S SC  Fertilization
(Purple sea urchin) (reproduction)
Stronglocentrotus purpuratus S SC Larval
(Purple sea urchin) development
Holmesimysigmysid shrimp) S A Survival
Holmesimysigmysid shrimp) S C Survival and
growth
Atherinops affinigTopsmelt) S A Survival and
growth (4 and 7
day)
Marine benthit
Ampeliscaabdita (amphipod) L A Survivadl
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Eohausteria estuariu@mphipod) L A Survival
Mytilus galloprovincialis(mussel) L C Bioaccumulation
Terrestrial

Triticum aestivun{fwheat) S A Emergence,
growth

Brassica albamustard) S A Emergence,
growth

Latuca sativglettuce) S A Emergence,
growth

Eisenia foetidgearthworm) L SC  Survival, growth

! Spiked sediment, solid phase test
2 Ampeliscas a tube burrowing organism; sediments mustmedrained and should be of
similar size to the environment in the exposureade

These tests are a subset of and consistent with.®eEnvironmental Protection Agency Office
of Prevention, Pesticides and Toxic Substances {SPP guidelines
(http://www.epa.gov/opptsfrs/home/quidelin.htdeveloped through a process of harmonization
that blended the testing guidance and requiremtras existed in the Office of Pollution
Prevention and Toxics (OPPT) and which appearetitlen40, chapter I, subchapter R of the
Code of Federal Regulations (CFR), the Office ddtleale Programs (OPP) which appeared in
publications of the National Technical Informati8ervice (NTIS), and the guidelines published
by the Organization for Economic Co-operation arel&opment (OECD). The marine tests
proposed are a subset of and consistent with prsisosed under the California Ocean Plan
Appendix Ill, Table IlI-1,http://www.swrcb.ca.gov/plnspols/oplans/docs/cod2pa). It should

be noted that the OPPTS requires 47 toxicity testhazard identification in the ecological risk
assessment of pesticides.

Page 61 of 68 UCRL-AR-219766



Recommendations on the Scientific I nformation for
California Fuds Environmental Multimedia Evaluations

APPENDIX E: The US EPA Office of Pollution Preventon and Toxics Tiered
(OPPT) Approach to Exposure Assessment

OPPT uses a tiered approach to exposure assesdfrposure assessments may use measured
data or model estimates. Representative measurtadofisknown quality are preferred over
model estimates and are needed to validate andovmpmodels. The EPA Guidelines for
Exposure Assessment includes guidance on colleaimbusing monitoring data for exposure
assessments. One of the goals in selecting theagpishould include developing an estimate
having an acceptable amount of uncertainty. In gegnestimates based on quality-assured
measurement data, gathered to directly answeruéstigns of the assessment, are likely to have
less uncertainty than estimates based on indirgormation (e.g., modeling or estimation
approaches). For risk assessment purposes, a tatisatiexposure assessment approach is
needed and exposure information must be clearkedinto the hazard identification and dose-
response relationship. The steps in the tieredoggprare as follows:

Step 1. Gather Basic Data and Information for a flete and Transparent Exposure
Assessment.

Step 2. Develop a Screening Level Exposure Assegsme

Step 3. If Needed, Develop an Advanced Exposuregsssent.

These steps are explained in more detail below:

Step 1: Gather Basic Data and Information for a Comlete and Transparent Exposure
Assessment

Manufacturing/Processing/Us€&he first step in assessing exposure for a chénsida identify
all of the manufacturing, processing and use dws/ifor the chemical. This would include
identifying all industrial, commercial and consunases.

Gather Measured Datdonitoring or measured data may be available wargety of resources,
such as company records or databases, nationabadat® studies published in the open
literature, references and other resources (eng.pliysical/chemical properties, fate, exposure
factors, etc.) When obtaining measured or monitpdata, it is important to obtain all of the
needed supporting information. Information on dgiality objectives, the sampling plan, use of
guality assurance samples, measurement of backdjleusls, establishment and use of quality
assurance and quality control measures, and swmleatid validation of analytical methods are
important considerations when evaluating monitoriiaga or determining a strategy to collect
additional monitoring data. The EPA Guidelines Exposure Assessment includes additional
information on these important considerations.

Estimates of Environmental Releas&sivironmental release estimates are critical ingats
models that calculate indirect human exposuresh@aenvironment such as through ambient air
or drinking water. They are also critical to modgliexposures to nonhuman aquatic and
terrestrial species. Release estimates may bes#afic or they may be generic for a particular
industrial process or industrial use. Releases foomsumer and commercial products should
also be estimated if applicable.

Potentially Exposed Human Populationall potentially exposed populations should be
identified. The exposed populations should be astst with the activity, task or source of
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environmental releases that leads to the expoddighly exposed or highly susceptible
populations should be addressed whenever posBiblade all routes of exposure.

Chemical Properties and FaReliable, measured values are preferred, and dlulised when
available. Measured values or estimates of wateibsity and vapor pressure are important in
evaluating whether a chemical will dissolve in waie exist as a vapor at ambient temperature,
and are used to estimate worker and consumer epgssleasured data or estimates of
biodegradation, sorption, and volatilization poignare used to predict removal in wastewater
treatment. Information on decay rates in the atesyn surface water, soil, and ground water
are important in evaluating how long it takes anstoal to break down in the environment, and
are used to estimate exposures to the generalgepublnd the environment.

Mitigation of ExposuresProcess and engineering controls which are usedntrol exposures
should be identified. Personal protective equipm@®E) that will mitigate occupational
exposures should be noted and quantitative estnatexposure with and without the use of
PPE should be provided.

Documentation of basic data and informatidocument all measured data, environmental
release scenarios, exposure scenarios, assumatidrestimation techniques.

Step 2: Screening Level Exposure Assessment

Purpose of a screening level exposure assess®emening level exposure assessments should
be used to quickly prioritize exposures for furtherk.

Approach: A screening level exposure assessment will gemesajuantitative conservative
estimate of exposure. The screening approach dbgneraolves using readily available
measured data, existing release and exposure é&ssiraad other exposure related information.
Where conservative estimates of exposure are ratahle, simple models, which often use
generic scenarios and assumptions, may be uselll ito daps. For example, a screening-level
model for ambient air exposure that is using genassumptions may assume that the exposed
populations live near the chemical release location

The exposure assessment should include a charatieni of the exposure estimates. Guidance
for characterizing exposure in EPA exposure assastsncan be found in EPA's 1995 "Guidance
for Risk Characterization.”

Step 3: Advanced Exposure Assessment

Purpose of an advanced exposure assessmentidvanced assessment will develop more
accurate estimates of exposure and will generallgud on the higher priority exposures
identified in screening activities.

Approach: An advanced exposure assessment should quanttyateendency (e.g. median,
arithmetic mean) and high end (i.e. greater thatth @@rcentile) exposures. A representative,
well designed monitoring study of known quality tise ideal. Information on data quality
objectives, the sampling plan, use of quality amsce samples, measurement of background
levels, establishment and use of quality assuramcequality control measures, and selection
and validation of analytical methods are importammsiderations when evaluating monitoring
data or determining a strategy to collect addiiananitoring data. The EPA Guidelines for
Exposure Assessment includes additional informatiorthese important considerations. Higher
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tier exposure models may also be used in advanssessaments. When they are used, every
effort should be made to obtain accurate input.dataexample, a higher tier model for ambient
air exposure may use facility-specific parametersemission rates, plant parameters such as
stack height and exact location of the exposed latipas.

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

General Notes: The approach described above isrddil to single chemical exposure
assessments, although the general process couldbalsised for other types of hazards (e.g.,
biological hazards). Sometimes the focus of an suppassessment will not be an assessment of
human and ecological exposures to a single chemaraks manufacturing, processing and uses.
If the goal of the assessment is to identify saidostitutes for a particular use, the exposure
assessment focus will be on all chemicals withiat tiise (e.g., solvents used in a consumer
product). In this case the basic data and informnatiollected at the start of the assessment
would need to be modified accordingly.

Exposure assessments may use measured data oresbtideltes. Representative measured data
of known quality are preferred over model estimaed are needed to validate and improve
models. OPPT encourages the appropriate use afcoeening and higher tier models.
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APPENDIX F. Background on biodegradation, with EUand US protocol
examples.

Background on Biodegradation.

Both biotic and abiotic transformation processey meluce the concentration and change the
form of organic chemicals in the environment. Psses include chemical hydrolysis in surface
and groundwater, photolysis in surface water amrdatimosphere, and biodegradation (in waste
water treatment, soils, sediments, surface and ngreater) (ECB). Usually sterilized (or
“killed”) controls are compared to nonsterile treants to differentiate between abiotic and
biodegradation. In some cases, e.g., for chemit@$ undergo hydrolysis, the distinction
between abiotic and biological degradation mayifiecdlt to make.

Biodegradation is a critical process because itsigmificantly affect the fate of a pollutant ireth
environment. On one hand, biodegradation can rasutte complete elimination of a chemical
or, on the other hand, transformation of the chamioto a more harmful substance.
Biodegradability is not a fixed property of a chealj such as solubility or volatility, but is a
function of environmental conditions and the migabloapabilities of a particular location.

Biodegradation is defined as the chemical altenatily microbial metabolic processes, of one
chemical into another chemical form. Biodegradatimcludes _transformation“primary
degradation”), in which the original chemical iseabd into another form of organic chemical,
and _mineralization“ultimate degradation”), in which the original exnical is converted into
carbon dioxide and other inorganic compounds (engrate, ammonium, chloride).
Mineralization is often associated with the growthmicroorganisms, in which case carbon, and
perhaps other elements, from the original chenaoalconverted into microbial cellular material.
This possibility must be considered if biodegraniatis estimated by measurement of a product,
such as carbon dioxide, and there may not be amoae conversion of the original chemical
into its product. With transformation, there is guial for formation of a new organic chemical
(“degradation product”) that is toxic or behavesame undesirable manner in the environment
(e.g., more mobile). Thus it is critical to idemgtifthe chemical structures of the degradation
products and, as appropriate, subject them to &nmmadia assessment.

Biodegradation can also be coupled with the metsitmobf second chemical, through a process
called_cometabolisiin which constitutive or induced enzymes capalbldegrading this second
chemical also can transform the chemical of intel@emetabolism often has no benefit, and in
some cases may be harmful to the microorganismshed due to formation of toxic
intermediate compounds (Alexander, 1999).

Biodegradation can occur under both aerobic anérab& (no oxygen present) conditions via
different metabolic pathways and usually differgtes of microorganisms. Aerobic conditions
are common in surface waters, soils and some gweated aquifers. Anaerobic conditions are
common in fresh and estuarine sediments, floodéd, snd many groundwater aquifers. The
fact that a chemical can be degraded under aeammditions in no way ensures that it will
degrade anaerobically, and vice versa, thus thartethods selected to measure biodegradation
potential must reflect the environment into whibk themical will be released.

It is important to recognize that new fuels areaualty mixtures of different chemicals, each of
which has some potential to biodegrade. Mixtures @mplicated by the fact that multiple
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chemicals interact with one another and can patliytthange the biodegradation rate of another
chemical present (Alexander, 1999). Interactionsluthe toxicity, diauxy-type phenomena
(where one chemical is used preferentially to aethstimulation (e.g., through supporting
cometabolic reactions), and physical interactioag.( one chemical acting as a solvent for
another). Unfortunately there has been only limieskearch on predicting the biodegradation of
chemicals in mixtures, so not much is known abbist potentially important fate phenomenon.

Biodegradation potential can be reduced if a chalhadsorbed to organic matter or clay and
thus not physically available to microbial popuats that would otherwise degrade it. The
absence of biodegradation may not be a problensXposure if it can be demonstrated that the
sorbed form of the chemical is neither mobile raxid to receptors in the vicinity (Alexander,
1999).

European and US EPA Guidelines Summary.

1. The European Chemical Bureau (ECB has identd#adting and defined new protocols for

evaluation of the biodegradation potential of ansival in the environment. The ECB recognizes
that measured biodegradation potential data areoritapt for multi media assessments. Data
should be reliable and representative of the gebgraand time scales of relevance, take into
consideration sources and exposure pathways, #edtreslevant environmental concentrations
(ECB).

2. The US EPA Office of Prevention, Pesticides @ogics (OPPTS) wwvepagovioppts have
consolidated and streamlined their test guidelioesuse in the testing of pesticides and toxic
substances, and the development of test data thsit Ine submitted to the Agency for review
under Federal regulations. These Harmonized Tesgtebues (Series 835 Fate, Transport and
Transformation Test Guidelines -- Final Guidelinas) summarized in Table 1.

The Organization for Economic Cooperation and Degwelent (OECD) environmental
directorate calls for a tiered set of tests thaasnee the potential for a chemical to biodegrade.
The tests range from the simplest, called the ‘yd@iddegradation test” or the 301A series, to
more complex tests that incubate the chemical lorayed under different environmental
conditions.

Estimation of biodegradation potential (or rates)y. through use of quantitative structure-
activity relationships (QSAR), is not commonly i#dd for most organic chemicals. In this case,
structural analogs to the chemical of interest ased rather than the actual compounds to
estimate biodegradation potential; however, selactf appropriate analogs must be made with
considerable care. The determination of similagtyan analog should not be subjective but
based on consideration of structure-activity datdgmonstrate, for example, that the analog acts
biologically like the additive component it was ska to represent. This is not an easy task,
however. For example, aliphatic compounds havendasi structure and are ultimately subjected
to the same metabolic pathway. Aliphatic chain tendhowever, can significantly affect
biodegradation rate, e.g., anaerobic, alkane-degydzhcteria have very specific size ranges of
alkanes that they can degrade (e.g., some spemgad® only C6 to C8, whereas others degrade
only C14 to C20; Spormann and Widdel 2000). Suéferginces in molecular weight also have
the potential to affect uptake and toxicity.
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OPPTS Series 835 Test Guidelines

OPFTS Existing Numbers EPA Pub
Name no.
Numbsr ors opp OECD Py
Series 835—Fate, Transpori and Transformation Test Guideiines.
Group A—Laboratory Transport Test Guidelines
8351110 Activated sludge sorption isotherm nocne none none 96-298
8351210 Soil thin layer chromatography 796.2700 none none 96-047
835.1220 Sediment and soil adsorption/desorption isotherm 796.2750 none 106 96-048
Group B—Laboratory Abiotic Transformation Test Guidelines.
835.2110 Hydrolysis as a function of pH 796.3500 none 111 96-057
835.2130 Hydrolysis as a function of pH and temperature 796.3510 none none 96-059
835.2210 Direct photolysis rate in water by sunlight 796.3700 none none 96-060
8352310 Maximum direct photolysis rate in air from UVivisible spectroscopy 796.3800 none none 96-066
Group C—Laboratory Biological Transformation Test Guidelines
835.3100 Aerobic aquatic biodegradation 796.3100 none none 96-075
835.3110 Ready biodegradability 795.3180, none 301 96-076
3200,
3220,
3240,
3260
835.3120 Sealed-vessel carbon dioxide production test none none none 96-311
835.3160 Biodegradability in sea water none none 306 97-351
8353170 Shake flask die-away test none none none 96-297
835.3180 Sediment/water microcosm biogradation test none none none 96-083
835.3200 Zahn-Wellens/EMPA test 796.3360 none 3028 96-084
835.3210 Modified SCAS test 796.3340 none 302A 96-085
835.3220 Porous pot test none none none 96-301
835.3300 Soil biodegradation 796.3400 none 3044 96-088
835.3400 Anaerobic biodegradability of organic chemicals 796.3140 none none 96-090
Group E—Transformation Chemical-Specific Test Guidelines.
8355045 Modified SCAS test for insoluble and volatile chemicals 795 45 none none 96-097
8355154 Anaerobic biodegradation in the subsurface 795 54 none none 96-098
835.5270 Indirect photolysis screening test: Sunlight photolysis in waters containing dissoived humic sub- | 795.70 none none 96-099
stances

There is good documentation of the effects of mstouctural differences on biodegradability

for certain compound classes [e.g., differencesgmoylene isomers; methylbenzene (i.e.,

toluene) versus ethylbenzene; Heider et al. 1988tonclusion, the QSAR approach has been
relatively successful within narrow groups of cheafs of similar structure (Jaworska et al.,

2003), but is not, as of yet, a broad predictive tbat can substitute for measured data.
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