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1 INTRODUCTION

1.1 BACKGROUND AND PURPOSE OF THE SECOND REVISED DRAFT
ENVIRONMENTAL IMPACT REPORT

In May 2008, the California Building Standards Commission (BSC) published the Draft Environmental Impact
Report (DEIR) for the Adoption of Statewide Regulations Allowing the Use of PEX Tubing. The DEIR assessed
the potential environmental impacts of implementing the proposed regulations. The regulations would remove
from the California Plumbing Code the prohibition against the use of cross-linked polyethylene (PEX) tubing, a
type of plastic pipe, for potable water uses, allowing the statewide use of PEX tubing for hot and cold water
(including potable water) distribution for applications under the jurisdiction of the Responsible Agencies that
adopt the regulations. This includes applications such as drinking water, irrigation, and wastewater. The proposed
PEX tubing regulations would apply to all occupancies, including commercial, residential, and institutional
building construction, rehabilitation, and repair under the jurisdiction of BSC and the Responsible Agencies in all
areas of the state.

The DEIR was circulated for public review and comment for a period of 45 days that ended June 23, 2008.
During and until the end of the review period, comments were received on the DEIR. The BSC reviewed those
comments to identify specific environmental concerns and determine whether any additional environmental
analysis would be required to respond to issues raised in the comments. The comment letters raised issues that
resulted in the addition of significant new information to the EIR related to: 1) the leaching of chemicals from
PEX tubing, 2) the thresholds of significance for water quality, and 3) the determination that certain chemicals are
no longer considered constituents of concern because they are not used in PEX, or are not present in a form that
poses a threat to human health. Because significant new information was added to the EIR after public notice of
availability of the DEIR, a revised EIR was prepared addressing the new information and circulated for public
review on October 16, 2008. Comments were received on the Recirculated DEIR, evaluated by BSC, and
responses to all comments received on the DEIR and Recirculated DEIR were prepared and included in the Final
EIR (FEIR). The FEIR was certified and the regulations adopted on January 22, 2009. A lawsuit challenging the
adequacy of the PEX EIR was filed by the Center for Environmental Health, et al. on February 19, 2009.

In a ruling issued by the Alameda County Superior Court on December 4, 2009, the BSC was directed to remedy
specific issues in the EIR, including its analysis of: non-cancer health risks from leaching of constituents from
PEX pipe; genotoxic cancer health risks; taste and odor impacts; and property damage impacts from premature
failure from use in continuously recirculating hot water systems. This Second Revised Draft EIR addresses those
issues as well as a minor revision to reflect updated regulatory standards applicable to fittings that may be used
with PEX .

The superior court ruling was appealed by the Plastic Pipe and Fittings Association, which was a party to the
lawsuit, and a cross appeal was filed by the Center for Environmental Health. The appeals are pending. The effect
of the appeal is to leave in place the PEX regulations approved in January 2009. As discussed in section 1.2,
below, after responding to any comments received on this Second Revised Draft EIR, the PEX EIR will be
considered anew by the BSC to determine whether it should be certified as having been prepared in compliance
with CEQA. Following certification of the EIR, the BSC will evaluate the action it will take with regard to the
PEX regulations, which could include rescinding the current regulations and readopting the regulations in their
current form or with modifications to reflect changes identified as a result of this additional round of CEQA
review.

Adoption of PEX Regulations Second Revised Draft EIR Ascent Environmental
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1.2 CONTENT OF THE SECOND REVISED DRAFT EIR

Consistent with the requirements of Section 15088.5(c) of the State CEQA Guidelines, this Second Revised Draft
EIR contains only those sections of the EIR required to be recirculated (i.e., Water Quality, Public Health and
Hazards), and the changes address only those issues required by the ruling to be remedied, with one exception
relating to updated regulatory standards, as noted above in section 1.1. The document consists of the following
chapters and sections. All chapter and section numbering is consistent with the chapter and section numbering
outline in the DEIR (released May 2008).

Chapter 1, “Introduction.” Chapter 1 describes the purpose and organization of the Second Revised DEIR.

Chapter 3, “Description of the Proposed Project.” Chapter 3 describes project location, background, proposed
actions by the BSC, project characteristics, and project objectives. This chapter also describes PEX tubing and
project regulatory requirements. No changes to the project description have occurred since publication of the
DEIR in May 2008 or since publication of the Recirculated DEIR in October 2008.

Section 4.2, “Public Health and Hazards.” This section describes the project’s potential impacts on public
health: revisions from the DEIR and/or Recirculated DEIR address the risk of premature failure and flooding,
potentially leading to formation of toxic mold, as it might occur from exposure to disinfectants, as well as changes
in regulatory requirements relating to brass fittings that may be used with PEX.

Section 4.4, “Water Quality.” This section describes the project’s potential water quality impacts: revisions from
the DEIR and/or Recirculated DEIR address non-cancer health risks from leaching of constituents from PEX pipe,
genotoxic cancer health risks, and taste and odor impacts.

Chapter 8, “Preparers of the Environmental Document.” This chapter identifies the Second Revised Draft
EIR authors and consultants who provided analysis in support of the document’s conclusions.

Chapter 9, “References.” This chapter sets forth a listing of all sources of information used in the preparation of
the Second Revised Draft EIR, including agencies or individuals consulted during its preparation.

Appendices. Appendices contain additional materials used or relied heavily upon during preparation of the
Second Revised Draft EIR.

1.3 RELATIONSHIP TO THE DEIR AND REVISED DRAFT EIR

Consistent with the requirements of Section 15087 of the State CEQA Guidelines, this Second Revised Draft EIR
is being made available on May 17, 2010, for public review for a period of 45 days. The public-review period
ends on July 1, 2010. During this period, the general public, agencies, and organizations may submit written
comments on the Second Revised Draft EIR to the BSC. Pursuant to procedures set forth in Section 15088.5(f)(2)
of the State CEQA Guidelines, reviewers are directed to limit their comments to the information contained in the
Second Revised Draft EIR that has changed from the Revised DEIR. Specifically, comments should be limited to
the revised discussion of the project’s potential impacts on public health through the risk of premature failure and
flooding from exposure to disinfectants (contained in Section 4.2.2) and the discussion of regulatory changes
applicable to fittings that may be used with PEX, potential water quality impacts relating to health risks and taste
and odor impacts from leaching of chemicals from PEX (contained in Section 4.4).

As required under Sections 15087 and 15088.5(d) of the State CEQA Guidelines, the BSC has sent a notice of
availability to all those who submitted comments on the DEIR and RDEIR, to all organizations and members of
the public who were on the distribution list for the DEIR, and to any additional persons or organizations that have
requested information about the EIR since the publication of the DEIR.

Ascent Environmental Adoption of PEX Regulations Second Revised Draft EIR
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Copies of the Second Revised Draft EIR are available for review online at http://www.bsc.ca.gov/pex and at the
following address:

California Building Standards Commission
2525 Natomas Park Drive, Suite 130
Sacramento, CA 95833

All written comments on this Second Revised Draft EIR should be addressed to:

California Building Standards Commission
Attention: Mr. David Walls, Executive Director
2525 Natomas Park Drive, Suite 130
Sacramento, CA 95833

Public notice of availability of the Second Revised Draft EIR has been published in the Sacramento Bee and the
Los Angeles Times newspapers.

After close of the comment period, the BSC will consider all comments received on this Second Revised Draft
EIR , and prepare responses as required. The FEIR will consist of the DEIR, RDEIR, and Second Revised Draft
EIR , comments on the DEIR, RDEIR, and Second Revised Draft EIR , responses to comments, and any text
changes. The FEIR will be considered anew by the BSC for certification if it is determined that the FEIR has been
completed in compliance with CEQA. Following certification of the EIR, the BSC will consider the proposed
project for approval.

Adoption of PEX Regulations Second Revised Draft EIR Ascent Environmental
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3 DESCRIPTION OF THE PROPOSED PROJECT

As discussed in Chapter 1, the California Building Standards Commission (BSC) in January 2009 adopted new
state plumbing code regulations that removed the prohibition against the use of cross-linked polyethylene (PEX)
tubing, a type of plastic pipe, for potable water uses from the California Plumbing Code. The regulations
authorize PEX tubing for use in various cold and hot water (including potable water) plumbing applications in
residential, commercial, and institutional buildings. As a result of a legal challenge to the EIR evaluating those
regulations, BSC was directed to remedy specific issues in the EIR. This Second Revised Draft EIR addresses
those issues as well as a minor revision to reflect updated regulatory standards applicable to fittings that may be
used with PEX. Because the court decision invalidating the PEX EIR is currently on appeal, the regulations
adopted by the BSC in January 2009 remain in effect pending BSC's revisions to the EIR. Nevertheless, this
Second Revised EIR evaluates the potential environmental effect of the regulations as they were originally
proposed and makes no assumption about the future status of the PEX regulations, including what action BSC
may take after considering this revised EIR.

This chapter presents the location and setting of the project, project background, and project goals and objectives.
In addition, it provides an overview of the project, describes the different methods for cross-linking polyethylene,
and presents project alternatives.

3.1 LOCATION AND SETTING NOT TO SCALE

The adoption of regulations related to PEX tubing is
a statewide regulatory change. As such, the project
area is the State of California (Exhibit 3-1).

o Redding
3.2 PROJECT BACKGROUND

BSC is a state agency responsible for approving and
adopting building standards adopted or proposed by
other agencies and BSC staff. Building standards
ordinarily are based on model codes with any
amendments or deletions deemed appropriate. Model
codes are created by nonprofit organizations made up
of government officials and industry representatives
from across the nation, or around the globe if the
model code is international. The popularity of model
building codes can be attributed to two factors: (1)
proprietary building codes are prohibitively
expensive to develop and (2) model codes can
accommodate local conditions. Modern building
regulations are very complex; therefore, most
jurisdictions are not technically or financially capable
of developing and effectively maintaining them. G 07110179.01 002

Rather than drafting its own building codes, a state Source: Created by EDAW in 2008
might choose to use the model building codes
instead. The model building codes are either adopted
(accepted without modifications) or adapted
(modified) to a particular jurisdiction and then enforced by the adopting authority. In California, building
standards approved or adopted by BSC become part of the California Code of Regulations (CCR), Title 24, also
known as the California Building Standards Code, of which the California Plumbing Code (CPC) is a part. The
CPC is a compilation of three types of plumbing standards from three different origins:

.Sacramento

San Francisco

o Fresno

2 Monterey

Bakersfield
[ ]

Los Angeles
o

Proposed Project Area Exhibit 3-1
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» plumbing standards that have been adopted by state agencies without change from plumbing standards
contained in national model codes;

» plumbing standards that have been adopted and adapted from the national model code standards to meet
California conditions; and

» plumbing standards, authorized by the California legislature, that constitute extensive additions not covered
by the model codes that have been adopted to address particular California concerns, which become part of
the CPC.

Model building codes are developed by independent standards organizations. These organizations put together a
network of development committees comprising representatives from the various affected entities, both
government and private. This method allows the standards organizations to pool the financial and intellectual
resources to produce codes that remain current and technically sound. The model code developers are constantly
working to update their codes to incorporate the latest research results and building technologies. Normally,
model building codes are updated and a new edition of the model building code is published every 3 years.

The adopted code is based on the most recent version of the model building code. However, because of the length
of time that it takes for a jurisdiction to review and approve a new code, the currently enforced version of the state
code is often not the most recent edition of the model building code. Also, when any given jurisdiction adopts a
model building code, it adopts a specific edition of the model code. For example, the 2007 California Building
Code is the adoption of the 2006 International Building Code with modifications, which then becomes the law of
that jurisdiction. As a result of this practice, the adopted codes are not automatically updated. When a new edition
of the model code is released by the model code developer, BSC and other adopting authorities may choose to
ignore it and continue using the older version of the model code it adopted. California and most other jurisdictions
update their codes triennially. State law requires the BSC to adopt the latest version of the model codes
triennially; however, unforeseen circumstances can cause a disruption in this effort.

The model codes may either be adopted or rejected outright, or they may be adopted with amendments, deletions,
or additional rules. In some cases, the amendments or additional requirements and exemptions are issued as a
separate document. The State of California contracts with the International Association of Plumbing and
Mechanical Officials (IAPMOQ) to print the California Building Standards Code, Part 5 of which is known as the
CPC. The 2007 edition of the CPC incorporates, by adoption (with modifications), the 2006 edition of the
Uniform Plumbing Code (UPC) model building code with the California State revisions.

IAPMO, a nonprofit organization, published the 2000 UPC, a model code, in October 1999. It included, for the first
time, provisions allowing the use of PEX tubing and fittings for hot and cold water distribution, including potable
water uses. Membership in IAPMO is open to anyone who has an interest in promoting the installation of safe and
efficient plumbing and mechanical products (e.g., heating, ventilating, cooling, and refrigeration systems). IAPMO
members are located in over 40 U.S. states and in many foreign countries including Canada, Japan, New Zealand,
Mexico, and Saudi Arabia. IAPMO develops the UPC and the Uniform Mechanical Code, the world’s only
plumbing and mechanical codes accredited by the American National Standards Institute (ANSI). Each iteration of
the UPC from 2000 to the present has maintained the approval of PEX for hot and cold water distribution.

During the adoption cycle for the 2001 triennial code, BSC proposed to adopt regulations approving the use of
PEX tubing for potable water uses along with other proposed regulatory changes. However, BSC received
comment letters during the regulatory process that suggested a number of potentially adverse environmental and
public health effects associated with the use of PEX for potable water distribution. Based on the information in
those comment letters, BSC and the Responsible Agencies withheld approval of the PEX provisions by
affirmatively not adopting it for most potable water applications under their jurisdictions, pending future
environmental review in compliance with CEQA. In 2006, the California Department of Housing and Community
Development (HCD) sought to adopt regulations allowing use of PEX and completed an initial study/negative
declaration on September 9, 2006 (HCD 2006a). However, HCD withdrew the initial study/negative declaration
on October 16, 2006 because of ongoing controversy and the perceived need for more in-depth analysis.
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Each iteration of the UPC from 2000 to the present has maintained the approval of PEX for hot and cold water
distribution. In January 2009, California removed the prohibition in the CPC against the use of PEX tubing and
fittings for hot and cold potable water distribution. See Table 6-4, “UPC” in section 3.4.2, “PEX Regulations,”
below, for the regulatory changes (striking out the 2001 non-adoption language) that were approved in January
2009. The January 2009 approval is currently the subject of litigation, as mentioned above.

Based on substantial evidence in the record, BSC has determined that the project had the potential to have a
significant effect on the environment and therefore concluded that an EIR was required. This CEQA analysis
provides the information necessary for BSC to draw conclusions regarding the potential environmental and
human health effects of PEX tubing and its appropriateness for a variety of hot and cold water applications.

3.3 PROJECT OBJECTIVES

The plumbing code regulations evaluated in this EIR authorize the statewide use of PEX tubing for various cold
and hot water (including potable water) plumbing applications in residential, commercial, and institutional
buildings. Responsible Agencies, each of which will rely on this CEQA analysis for its own adoption of
regulations, include the California Department of Housing and Community Development (HCD), Division of the
State Architect (DSA), Office of Statewide Health Planning and Development (OSHPD), Department of Public
Health (DPH) (previously known as DHS), and the Department of Food and Agriculture (DFA). Cities and
counties are not responsible agencies because they would not have any authority to approve the project or to
disapprove or add requirements or restrictions relating to the use of PEX within their jurisdictions after it is
approved by BSC, unless they make express findings for such additions or deletions based on climatic,
topographical, or geological conditions (CPC 101.8.1). BSC’s objective in proposing these regulations is to
provide an alternative plastic hot and cold water plumbing material for use in California.

3.4 PROJECT DESCRIPTION

34.1 PROJECT OVERVIEW

The project is the adoption of regulations (i.e., building standards) pertaining to the use of PEX tubing. The
regulations allow the statewide use of PEX tubing for hot and cold water (including potable water) distribution for
applications under the jurisdiction of the Responsible Agencies that adopt regulations based on environmental
information and conclusions in this CEQA analysis. This includes applications such as drinking water, irrigation,
and wastewater. The PEX tubing regulations apply to all occupancies, including commercial, residential, and
institutional building construction, rehabilitation, and repair in all areas of the state. Examples of commercial
occupancies include retail establishments, restaurants, office buildings, salons, theaters, farms, ranches, and food
processing plants. Residential buildings include, but are not limited to, single-family dwellings, apartment houses,
hotels, motels, lodging houses, dwellings, dormitories, condominiums, shelters for homeless persons, congregate
residences, employee housing, factory-build housing, permanent buildings and permanent accessory buildings or
structures constructed within manufactured home parks and special occupancy parks, and other types of dwellings
containing sleeping accommodations with or without common toilet or cooking facilities including accessory
buildings and facilities. Institutional building examples include schools and hospitals.

In this analysis, the terms “PEX tubing” and “PEX” refer to cross-linked polyethylene (PE) tubing also known as
PEX tubing unless the context clearly indicates otherwise. These regulations are a part of the CPC, which is a part
of the California Building Standards Code. BSC is responsible for the final approval and adoption of the
California Building Standards Code. BSC receives proposed code revisions from a number of public agencies that
have statutory authority to propose codes for various types of occupancies. The Responsible Agencies for this
project have regulatory authority over the commercial, residential, and institutional occupancies to which the PEX
regulations would apply.
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3.4.2 PEX REGULATIONS

California Health and Safety Code Sections 18928, 18938, 17922, and 19990 direct BSC and the Responsible
Agencies to adopt building standards that are reasonably consistent with recognized and accepted standards
contained in the most recent editions of the UPC. California adopts the UPC on a triennial basis with
modifications in strikeout for deletions and italics and underline for additions. This revised code becomes the
CPC; no finalized version (i.e., without changes shown in strikeout and underlined italics) is prepared. BSC
selected the 2006 UPC published by IAPMO as the model code for this code adoption cycle. The project is a
change to Part 5, Title 24, CCR (hereinafter referred to as CPC), which is applicable to buildings under the
jurisdiction of BSC, DFA, DPH, DSA, HCD, and OSHPD. PEX is authorized for use in radiant heating systems,
manufactured homes, certain approved institutional uses, and for hot and cold water distribution, including
potable water uses in some local jurisdictions (as discussed in Section 3.4.4 below). However, PEX was
specifically not adopted (i.e., it was deleted) in the 2007 CPC for uses under the jurisdiction of BSC and the
Responsible Agencies.

The modifications to the existing plumbing code entail the following changes. Table 6-4, “UPC” and the
following text are excerpted from “The Express Terms for the Building Standards of the Building Standards
Commission Regarding the Adoption of Amendments into the 2007 California Plumbing Code, California Code
of Regulations,” Title 24, Part 5. The changes to the regulations involve deletion of exceptions to the adoption of
PEX in the CPC and adding notes reflecting the requirements of the January 2009 FEIR. As no additions are
proposed to the CPC, no text is in italics.

TABLE 6-4. UPC

Material Water Distribution Pipe and Fittings Building Supply Pipe and
Hot Cold Fittings
Asbestos — Cement X
Brass X X X
Copper X X X
Cast Iron X X X
CPVC X X X
Galvanized Malleable Iron X X X
Galvanized Wrought Iron X X X
Galvanized Steel X X X
PE X
PE-AL-PE X X X
PEX 2 X X X
PEX-AL-PEX? X X X
PVC X

' When PEX tubing is placed in soil and is used in potable water systems intended to supply drinking water to fixtures or appliances, the

tubing or piping shall be sleeved with a material approved for potable water use in soil or other material that is impermeable to solvents or
petroleum products.

PEX tubing shall meet the requirements of ASTM F 876-08 or an equivalent or more stringent standard when used in continuously
recirculating hot water systems where chlorinated water is supplied to the system and the PEX tubing is exposed to the hot water 100% of
the time.

® [BSC, DSA/SS & HCD] The use of-PEX-and-PEX-AL-PEX in potable water supply systems is not adopted for-applications-underthe
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604.1
Exceptions:

, £ &4] Crosslinked polyethylene (PEX)
tublng shall be marked Wlth the appropnate standard deS|gnat|on(s) Ilsted in Table 14-1 for which the tubing has
been listed or approved. PEX tubing shall be installed in compliance with the provisions of this section.

604.11.1 PEX Fittings. /A £ &47Metal insert fittings,
metal compression fittings, and cold expan5|0n flttlngs used Wlth PEX tublng shall be manufactured to and
marked in accordance with the standards for the fittings in Table 14-1.

604.11.2 Water Heater Connections. &4} PEX tubing

shall not be installed within the first eighteen (18) |nches (457mm) of plplng connected toa Water heater.

3.4.3 PEX DESCRIPTION

PEX is a form of plastic tubing. The materials used in the production of plastics are natural products such as
cellulose, coal, natural gas, salt, and crude oil. Crude oil is a complex mixture of thousands of compounds.
To become useful, it must be processed.

The production of plastic begins with a distillation process in an oil refinery. The distillation process involves the
separation of heavy crude oil into lighter groups called fractions. Each fraction is a mixture of hydrocarbon chains
(chemical compounds made up of carbon and hydrogen), which differ in terms of the size and structure of their
molecules. One of these fractions, naphtha, is the crucial element for the production of plastics.

The two major processes used to produce plastics are called polymerisation and polycondensation, and they both
require specific catalysts. In a polymerisation reactor, monomers like ethylene and propylene are linked together
to form long polymer chains. (A polymer is a compound of high molecular weight that consists of long chains of
repeated, linked units known as monomers). Each polymer has its own properties, structure, and size depending
on the various types of basic monomers used.

There are many different types of plastics, and they can be grouped into two main polymer families:
thermoplastics (which soften when heated and then harden again when cooled) and thermosets (which never
soften when they have been molded). PEX is made of PE, often high-density PE (HDPE), which is a
thermoplastic. PEX is a member of the polyolefin family of polymers along with normal PE, HDPE,
polypropylene (PP), and polybutylene (PB). Polyolefins are produced from oil or natural gas. They can be
processed in two ways to make products—by extrusion or molding.

To manufacture plastic tubing, a process known as profile extrusion is used. This process is used to manufacture
plastic products with a continuous cross section, such as drinking straws, decorative molding, window trimming,
plastic pipes, and a wide variety of other products. The plastic is fed in pellet form into the extruder machine’s
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hopper. Then a rotating screw inside a heated barrel conveys the material continuously forward. The pellets are
thus softened by both friction and heat. The softened plastic is then forced out through a die and directly into cool
water where the product solidifies. This is similar to soft-serve ice cream coming out of a machine, except that the
ice cream will melt rather than harden. From here it is conveyed onward into the take-off rollers, which pull the
softened plastic from the die.

The die is a metal plate placed at the end of the extruder with a section cut out of its interior. This cutout, and the
speed of the take-off rollers, determines the cross section of the product being manufactured. A simple way to
understand this concept is to consider the shape of toothpaste as it comes out of a squeezed tube. The product
comes out in a solid rod because of the opening at the end of the tube. If that opening had a differently shaped
cross section, the product would take on that new cross section. Extrusion produces an inherently strong finished
product, stronger than is produced by the molding process. This is one of the reasons that plastic pipe is rated at
higher pressures than plastic fittings that are injection molded.

Cross-linked PE, or PEX, is a high-density plastic that is an alternative to ferrous and nonferrous piping for water
distribution, such as copper, enamel coated steel, and chlorinated polyvinyl chloride (CPVC) plastic piping.
Normal PE is unsuitable for hot water uses because it softens at elevated temperatures. However, for PE to be
suitable for hot water uses, the individual polymer chains must be *“cross-linked” together with supplemental
chemical bonds, which occurs during the PEX manufacturing process. In addition to cross-linking the
polyethylene, other chemicals are added to the resin to prevent oxidation and ultraviolet light from weakening the
tubing, which could lead to tubing failures. Such additives include antioxidants, ultraviolet blockers, fillers, and
pigments.

3.4.4 CURRENT AND PROJECTED USES oF PEX

As indicated above, the following discussion of current and projected uses of PEX assumes conditions in place
prior to approval of the PEX regulations and does not reflect the January 2009 approval by the BSC and
Responsible Agencies of regulations authorizing statewide use of PEX, or any resulting actions by local agencies
that may have occurred as a result of that action.

Use of PEX tubing is currently allowed throughout California for hydronic heating systems and all uses including
potable water in manufactured homes. In the majority of existing buildings in California, including residential
buildings, potable water pipe is made of metal, though CPVC plastic pipe was recently approved for statewide
potable water uses, including use in residential buildings, beginning January 1, 2008. PEX tubing may also be
used if it is approved by local ordinance or if the local agency with jurisdiction has approved it as an alternate
material under the Alternate Materials, Methods of Design, and Methods of Construction provisions of the CPC.
This provision authorizes local building officials to approve, on a project-by-project basis, alternate materials,
provided the building official finds that the proposed design is satisfactory and complies with the provisions of the
technical codes, and that the material, method, or work offered is, for the purpose intended, at least the equivalent
of that prescribed in the technical codes in suitability, strength, effectiveness, fire resistance, durability, safety,
and sanitation. (See California Health and Safety Code Section 17951[e], CPC 301.1 et seq. and CPC 108.7 et
seq.) Such approval requires that the project proponent submit proof to support the building official’s findings.

It also must be recorded and entered in the local building departments files. Under these provisions, building
officials may require an applicant to arrange for an outside agency designated by the building official at the
applicant’s expense to review an evaluation of the proposed alternate materials, methods of design, and methods
of construction. In contrast, in the three jurisdictions that have approved the use of PEX by ordinance, no special
approvals or submittals are needed to use PEX in a project.

Nearly 200 California cities and nearly 30 California counties have approved the use of PEX tubing in various cold
and hot water plumbing (including potable water) applications in residential, commercial, and institutional buildings
within their jurisdictions using the alternate materials provisions. In addition, at least three California cities

(Palo Alto, Highland, and Santa Clarita) have adopted ordinances allowing the use of PEX tubing for all uses
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approved in the UPC without requiring special documentation. PEX currently makes up approximately 37% of the
market for plumbing materials in new single-family homes in California. If the PEX regulations are adopted, PEX
would be used in cities and counties that do not currently allow its use, and use of PEX would be expected to
increase in the cities and counties that already allow PEX as an alternate material.

As of 2005 the market share for plumbing materials for all types of uses (including hydronic radiant heating and
potable water distribution) in new homes in California was approximately 29% PEX, 13% CPVC, 54% copper,
and 4% for all other materials. Market share, in this instance, means the percentage of new single-family homes
that were plumbed with PEX. Other plumbing materials include galvanized steel and PEX-AL-PEX (polyethylene
with an aluminum layer). (HCD 2006b and Ash, pers. comm. 2008.) Though more current market share data for
copper and CPVC is not available, the most current data for PEX (2006) indicates that its share of the market for
plumbing materials in new homes in California was approximately 37% (Ash, pers. comm. 2008). The net effect
of adoption of the proposed regulations would probably be an increase in the use of PEX tubing, with a
proportionate decrease in the use of other piping materials, particularly copper, because of the reduced labor costs
associated with installation of PEX and also because of corrosivity issues with copper piping resulting from the
increased use of chloramines for drinking water disinfection.

3.5 REGULATORY REQUIREMENTS, PERMITS, AND APPROVALS

Two independent but related processes are taking place with regard to the PEX regulations: the regulatory process
and the EIR process. If, after this EIR is certified, BSC determines that the EIR supports a decision to approve the
PEX regulations, BSC may rely on the certified final EIR for subsequent approval of the regulatory changes.

In addition, the certified EIR will be forwarded to the Responsible Agencies, which may also rely on the final EIR
for changes to their regulations, to the extent that those changes are within the scope of this EIR.

3.6 SCOPE OF THIS EIR

The project is limited to the adoption of plumbing regulations to allow use of PEX tubing in a variety of hot and
cold water applications (including potable water). These uses would apply to commercial, residential, and
institutional building projects under the jurisdiction of the Lead Agency and Responsible Agencies in all
California cities, cities and counties, and counties. The EIR does not assess any specific project that involves
direct construction or modification to structures. Therefore, the environmental review does not include site
specific analyses. In addition, the EIR does not evaluate the use of PEX-AL-PEX. PEX-AL-PEX is PEX tubing
with a layer of aluminum embedded between the PEX layers. The regulations do not address certain other
potential uses of PEX tubing, such as for specific industrial or medical devices or machines. Uses other than cold
and hot water plumbing uses (including potable water uses) for commercial, residential, and institutional
buildings are beyond the scope of this project and thus beyond the scope of this EIR.
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4.2 PUBLIC HEALTH AND HAZARDS—REVISED

As described in Chapter 1, Introduction, a lawsuit was filed in early 2009 that challenged the adequacy of the EIR
upon which the California Building Standards Commission (BSC) based its decision to approve use of PEX pipe
for potable water uses in California. As a result, BSC was directed to remedy specific issues in the EIR regarding
the analysis of public health and hazards. Consequently, this section includes revisions to the analysis of the
potential for PEX to fail when used in continuously recirculating hot water systems; addresses regulatory changes
adopted since publication of the draft environmental impact report (DEIR) that pertain to the standards used to
test chlorine resistance of PEX under traditional and continuously recirculating hot water systems; and includes
revised wording to requirements presented in Mitigation Measure 4.2-1 as a result of these changes. The section
also has been updated to reflect regulatory changes adopted since publication of the DEIR that pertain to brass
fittings that may be used with PEX.

This section evaluates potential public health and hazards impacts associated with the proposed project,
specifically impacts related to biofilm, fire hazards, and mold. Background data and analyses are based primarily
on technical studies submitted by the California Department of Housing and Community Development, the Plastic
Pipe and Fittings Association, and the Coalition for Safe Building Materials. Particularly relevant studies and
references are included in the appendices of this DEIR; all studies and references cited in this DEIR are available
for review at the Building Standards Commission address included on page 1-3 . This analysis is limited to
plumbing applications of PEX for use in a variety of hot and cold water (including potable water irrigation and
wastewater) applications for commercial, residential, industrial, and institutional building projects. Water quality
impacts associated with the proposed project are considered in Section 4.4, “Water Quality.”

42.1 REGULATORY SETTING

FEDERAL PLANS, POLICIES, REGULATIONS, AND LAWS
Occupational Safety and Health Administration

The U.S. Congress created the federal Occupational Safety and Health Administration (OSHA) under the
Occupational Safety and Health Act in 1970 (Title 29, U.S. Code, Section 651 et seq. [29 USC 651 et seq.]).

The act was adopted in response to concerns for worker safety and encourages states to develop and operate their
own job safety and health programs, which OSHA approves and monitors (29 USC 667). OSHA has approved the
California state plan (OSHA 2008).

The OSHA Technical Manual, Section III, Chapter 2 (Davis 2001) refers to molds as a potential indoor air quality
concern. This document suggests guidelines to employers on how to respond to employee complaints regarding
indoor air quality, including recommendations for removal of offending organisms. Molds are one of several air
contaminants mentioned as possible causes of building-related illnesses.

STATE PLANS, POLICIES, REGULATIONS, AND LAWS

State of California regulations related to the potential health and safety hazards of using PEX are described below.
No State of California regulations pertain specifically to biofilm. However the federal and state Safe Drinking
Water Acts address biofilm indirectly through the regulation of bacteria and the requirement for disinfection of
most drinking water. For a discussion of drinking water disinfection requirements, please see Section 4.4, “Water
Quality.”

California Occupational Safety and Health Administration

The California Department of Industrial Relations enforces regulations governing workplace safety and health
through the California Occupational Safety and Health Assessment Program (Cal/OSHA Program). Cal/lOSHA
sets regulations for acceptable exposure levels for airborne substances that can be harmful to workers. Some of
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these substances are present in adhesives solvents commonly used in construction and required to join chlorinated
polyvinyl chloride (CPVC) fittings. Installation of PEX does not require (and PEX is not compatible with)
solvents or glues. Therefore, it does not generate airborne substances in the workplace that would be subject to
these regulations.

The Occupational Health Branch of the Department of Public Health (OHB) is mandated to review new and
emerging occupational hazards and propose new regulations to the California Division of Occupational Safety
and Health (Cal/OSHA). As a result of a proposal by the OHB, Cal/OSHA is considering adding standards for
molds to the sanitation standard for office buildings and workspaces (Davis 2001). OHB has created a “Molds in
the Indoor Workplace” handout, which addresses these concerns (DPH 2008).

Toxic Mold Protection Act of 2001

The Toxic Mold Protection Act directs the Department of Health Services (now known as the Department of
Public Health [DPH]), assisted by a task force of volunteer stakeholders, to undertake a series of tasks. These
include determining the feasibility of adopting permissible exposure limits for indoor molds and the development
of new standards or guidelines to:

assess the health threat posed by the presence of indoor molds,

determine valid methods for fungal sampling and identification,

provide practical guidance for mold removal and abatement of water intrusion,
disclose the presence of mold growth in real property at rental or sale, and
assess the need for standards for mold assessment and remediation professionals.
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However, the implementation of this statute depends on the provision of funding to accomplish these tasks.

No funding has been provided by the state, and DPH has been soliciting donations from the public to raise the
needed funding. Given the state budget situation and the current economic climate, it is unlikely that progress will
be made on the implementation of this law in the near future.

The State of California does not have any regulations or thresholds that pertain to mold. In response to increasing
queries about mold toxicity, the DPH Indoor Air Quality Program has developed a Web site that includes a
variety of documents related to this issue. This section includes a document specific to residential exposure titled
“Mold in My Home: What Do I Do?” (DHS 2001).

California Plumbing Code Firestop Standards (Title 24 of the California Code of Regulations,
Part 5)

The California Plumbing Code (CPC) specifies standards for firestop protection and standards for plumbing that
penetrates firestop structures. Firestops are structures within buildings that slow the spread of fire. A very
common firestop structure consists of 2- x 4-inch horizontal wood blocking that is installed between vertical

2- X 4-inch studs inside wood-framed structures. The fire and heat retarding standard is normally expressed as the
time that the structure may be exposed to specific fire conditions before allowing fire to spread or ambient
temperatures to increase to a specified level. CPC Section 1501.0 et seq. specifies firestop standards for plumbing
and plumbing assemblies that penetrate firestops.

Section 1505.2 specifies that when plumbing penetrates a firestop structure, the firestop capability of the structure
shall be restored to its original rating. This means that the firestop structure through which the plumbing is
installed must be able to withstand and retard the spread of fire for at least the same period of time at the same
temperature as it would without the plumbing. This requires the use of a “penetration firestop system”: an
assembly of materials that surrounds the plumbing penetration of the firestop structure and is designed to retain
the firestopping capabilities (Section 1504.1). The CPC specifies that these penetration firestop systems for
plumbing structures meet standards of the American Society for Testing Materials Standard (ASTM), specifically
the ASTM E 119 or E 814 tests for firestopping capability.
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These tests are specific procedures for testing the firestopping capabilities of penetration firestop systems

(or plumbing penetrations) by exposing the systems to fire and incineration. The CPC specifies that plumbing
penetrations of floors must meet specific standards related to temperature retardation (T rating) and other
penetrations must meet specific standards related to fire retardation (F rating). A T rating is the time period that
the firestop and plumbing penetration takes to allow an increase in 325°F above ambient temperatures on one side
of the structure when exposed to heat on the other side of the structure. Plumbing penetrations of floors must have
a T rating of at least 1 hour (Section 1505.3). An F rating is the time period that the firestop and plumbing
penetration can limit the spread of fire, under exposure to flame and heat. Plumbing penetrations must have an F
rating of at least 1 hour (Section 1505.3).

4.2.2 EXISTING SETTING

As discussed above, in January 2009, the Building Standards Commission certified a Final EIR for this project
and regulations removing the prohibition against the use of PEX were adopted. In February 2009, a lawsuit was
filed challenging the adequacy of the January 2009 FEIR. The trial court rejected some of the challenges to the
2009 FEIR, and also found that the document did not contain substantial evidence to support certain findings that
are further analyzed in this SRDEIR. The trial court’s decision is presently on appeal, and as a result, the trial
court’s judgment is stayed, i.e., the regulations adopted in January 2009 remain in effect. Following the public
comment period on this SRDEIR, the Building Standards Commission and the responsible agencies will exercise
their discretion to determine the adequacy of this SRDEIR and subsequent actions with respect to the PEX
regulations. Although the PEX regulations remain in effect, the following discussion of the existing setting
assumes conditions in place prior to the January 2009 approval of the statewide PEX regulations, or any actions
by local agencies that may have occurred as a result of that action.

The statewide use of PEX tubing is currently allowed in California for hydronic heating systems and potable
water in manufactured homes. Additionally, nearly 200 California cities and nearly 30 California counties have
approved the use of PEX tubing in various cold and hot water plumbing (including potable water irrigation and
wastewater) applications in residential, commercial, and institutional buildings within their jurisdictions using the
Alternate Materials, Designs, Tests and Methods of Construction provisions of the CPC (CPC 108.7 et seq.). In
addition, at least three California cities (Palo Alto, Highland, and Santa Clarita) have adopted ordinances allowing
the use of PEX tubing for a variety of cold and hot water applications. (Adoption by ordinance precludes the need
for case-by-case assessment of PEX uses.) If the lead and responsible agencies approve this project, increased use
of PEX is anticipated in the cities and counties that currently allow PEX as an alternate material, and use of PEX
is expected in the city and county jurisdictions that do not currently allow it.

The current market share of other allowable plumbing materials establishes the context for existing hazards and
public health concerns as they relate to the proposed project. As discussed in Chapter 3, “Description of the
Proposed Project,” as of 2005 the market share for various plumbing materials for all types of uses (including
hydronic radiant heating, and potable water distribution) in new homes in California was 29% PEX, 13% CPVC,
54% copper, and 4% for all other materials. Other plumbing materials include galvanized steel and cross-linked
polyethylene with an aluminum layer (PEX-AL-PEX). (HCD 2006; Ash, pers. comm., 2008). The most current
data for PEX (2006) indicates that its share of the market for plumbing materials in new homes in California was
37% (Ash, pers. comm., 2008). The net effect of the regulations would probably be an increase in the use of PEX
tubing, with a proportionate decrease in the use of other piping materials, particularly copper because of copper
corrosion issues arising from using chloramines for disinfecting drinking water.

PEX is an approved pipe material in the Uniform Plumbing Code (UPC), International Plumbing Code (Church,
pers. comm., 2007:1), and the International Residential Code (Brown, pers. comm., 2007:1). These plumbing codes
require PEX piping to be third-party certified to applicable standards for various performance criteria, depending on
the type of use. Performance standards are continually being updated to reflect the best available scientific
information and to address issues related to product performance. Testing standards related to oxidative/chlorine
resistance of PEX are listed below in Table 4.2-1.
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Table 4.2-1
Testing Standards Related to Oxidative or Chlorine Resistance of PEX

Testing Standard Title Purpose Service Life
NSF International/American National Standards Institute’
NSF/ANSI 14 Plastic Pipe System Components and Physical strength, performance, 50 years
Related Materials health effects

American Society for Testing Materials (ASTM)

ASTM F2023-05* Standard Test Method for Evaluating the =~ Oxidative resistance test method
Oxidative Resistance of Cross-linked
Polyethylene (PEX) Tubing and Systems
for Hot Chlorinated Water

ASTM F876-08° Standard Specification for Cross-linked ~ Product design, pressure strength, 50 years
Polyethylene (PEX) Tubing oxidative (chlorine) stability,
environmental stress cracking
ASTM F877 Standard Specification for Cross-linked ~ Product design, pressure strength,
Polyethylene (PEX) Plastic Hot- and thermocycling resistance, bend
Cold-Water Distribution Systems strength
Notes:

' Between 1999 and 2009, two non-consensus standards were available to test chlorine resistance under traditional and continuously
recirculating systems—NSF P171-CL-TD and NSF P171-CL-R. Due to the promulgation in late 2008 of national consensus standard ASTM
F876-08, which addresses chlorine resistance in both traditional and recirculating (100% hot water) systems, NSF P171-CI-TD and NSF
P171 CL-R were withdrawn.

2 Applies to traditional domestic hot and cold potable water applications (assumes 25% hot water and 75% room temperature water).

8 Applies to both traditional domestic applications and 100% hot water recirculation.

Source: Data compiled by Ascent in 2010

ASTM is an independent, nonprofit, standards-writing organization. It issues standards in many diverse technical
disciplines. ASTM is the forum for a majority of standards in the United States, especially those related to plastic
materials and products testing (NSF International 2008). ASTM standards are national consensus standards which
are voluntary and developed by representatives of sectors that have an interest in the use of the standard.
Represented sectors can include producers, users, and those having a general interest (representatives of
government and academia), as well as ultimate consumers. While NSF standards are not national consensus
standards, the actual physical testing methods and protocol are the same as ASTM standards. Testing of PEX
piping is performed under conditions of continuously flowing hot water at 203°, 221°, and 239°F. The test results
are then used in a regression analysis to extrapolate to water temperatures of 140°F (hot water) and 73°F (cold
water).

NSF International, a nonprofit organization, is the most widely recognized agency for a listing of plumbing
products in the United States. In a publicly searchable database, NSF indicates (i.e., lists) which products by
which manufactures are certified under which standards. (See http://www.nsf.org/Certified/PwsComponents.)

Following are details about the various NSF International and ASTM standards that address product lifespan that
may be applicable to PEX.

NSF/ANSI Standard 14: This standard establishes minimum requirements for physical performance, health
effects, quality assurance, marking (labeling), quality control testing, test frequencies at each production location,
and record keeping requirements for plastic piping components and related materials, including fittings used with
PEX. Under NSF/ANSI Standard 14, PEX tubing must be marked (i.e., labeled) at intervals of no more than 5 feet
and must include:
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the manufacturer’s name or trademark;

the testing standards to which it conforms;

tube size;

material designation code (i.e., PEX0006);

pressure/temperature rating(s);

Standard Dimension Ratio (SDR) (a formula that represents the pipe diameter divided by the wall thickness);
if the tubing is for potable water, a laboratory seal or mark attesting to suitability for potable water; and
ASTM fittings designations approved for use by the tubing manufacturer.
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This standard also requires that materials used for pressure pipes, including PEX, meet a minimum 50-year, long-
term strength requirement (Brown, pers. comm., 2007:2). The most recently adopted version of the California
Plumbing Code, the 2010 CPC, requires that PEX comply with NSF/ANSI 14-2007. (2010 CPC Table 14-1;
Walls, Pers. Comm. 2010). Since adoption of the 2010 CPC a more current version of NSF/ANSI 14, NSF 14-
2009, has been adopted. All PEX tubing and related materials such as fittings will have to comply with NSF 14-
2009 to be certified by NSF for carrying potable water.

ASTM F2023-05, Standard Test Method for Evaluating the Oxidative Resistance of Cross-linked Polyethylene
(PEX) Tubing and Systems to Hot Chlorinated Water: This standard was most recently updated in 2005. This
test procedure is designed to provide an estimate of the life expectancy of a hot-water plumbing pipe when used at
a water temperature of 140°F and a pressure of 80 pounds per square inch (psi) (NAHB Research Center 2006:9).
This standard lists the requirements and test methods for evaluating PEX tubing in long-term contact with hot,
chlorinated water. Most plumbing systems are traditional domestic systems (Theilen, pers. comm., 2008). In these
systems, the hot water pipes are exposed to hot water only when the tap is turned on and hot water is flowing
through the system. The rest of the time, they are at room temperature (NSF International 1999). (Brown, pers.
comm., 2007:3).

ASTM F876-08, Standard Specification for Cross-linked Polyethylene (PEX) Tubing: This is a national
consensus standard adopted in 2008 designed to ensure the reliability of PEX piping systems in various hot and
cold water applications. The standard requires that all PEX intended for use with potable water have a minimum
extrapolated lifetime of 50 years when tested in accordance with test method ASTM F2023 (National Association
of Home Builders [NAHB] Research Center 2006):9). This standard also addresses longevity of PEX in systems
with continuous circulation of hot chlorinated water. This refers to systems in which hot water is recirculated
through the hot water side of the plumbing system. In general, these systems are relatively rare and are mainly
found in the commercial sector (e.g., hotels) and in some large homes (Theilen, pers. comm., 2008).

ASTM F877, Specification for Cross-linked Polyethylene (PEX) Plastic Hot and Cold Water Distribution
Systems: This requires a pressurized flow-through test system, typical test pressures, test-fluid characteristics,
failure type, and data analysis (ASTM 2008a). Additionally, PEX piping systems use fittings that also must
comply with ASTM standards, and are made from brass, copper, or high-temperature engineered polymers that
are chlorine resistant (NAHB Research Center 2006:9).

4.2.3 ENVIRONMENTAL IMPACTS

ANALYSIS METHODOLOGY

This analysis is based on a review and evaluation of existing information and reports documenting studies and
conclusions from scientists, tubing manufacturers, and agencies. Relevant materials and information sources include:

» documents published by federal, state, and local agencies;

» consultation with California construction and plumbing industry experts;

» consultation with knowledgeable individuals of state and local agencies; and

» other documents and information contained in the project administrative record.
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THRESHOLDS OF SIGNIFICANCE

For purposes of this analysis, the following applicable thresholds of significance were used to determine whether
implementing the proposed project would result in a significant impact related to public health and hazards. The
project would result in a significant impact if it would result in:

» asubstantial increase in the public health risks associated with biofilm,
» substantial increase in fire hazard,

» substantial premature tubing failure and flooding that would lead to widespread incidences of mold infestation
associated with significant health risks, or

» substantial safety hazards for plumbers.
IMPACT ANALYSIS

As described in Chapter 3, “Description of Proposed Project,” the proposed project is a code change, adoption of
regulations, and not a typical site-specific development project. As such, the project would not involve routine
transport, use, or disposal of hazardous materials, and specific considerations of the initial study checklist

(i.e., location near a public airport or school, interference with emergency plans) would not apply. These issues
are not discussed further.

The potential for leaching of or permeation by toxic chemicals is assessed in Section 4.4, “Water Quality.”

IMPACT  Public Health and Hazards—Potential Risk of Contact with Pathogens from Biofilm Growth. Because
4.2-1 hiofilm could potentially harbor pathogenic bacteria such as Legionella, higher amounts of biofilm could lead to

increased risk of human contact with pathogenic bacteria. All piping materials exhibit some biofilm formation
(Chaudhuri, pers. comm., 2008). Although formation of biofilm is initially slower in copper tubing compared to
PEX tubing, no substantial difference exists over longer periods. No direct quantitative correlation exists
between measurements of biofilm and growth of Legionella. Therefore, increased biofilm growth does not
correspond to higher amounts of Legionella bacteria, and the use of PEX would not lead to increased risk of
human contact with pathogenic bacteria. Therefore, this is considered a less-than-significant impact.

A concern exists that PEX promotes the growth of biofilm to a greater degree than other types of plumbing piping
and tubing, such as copper. Because biofilm could potentially harbor pathogenic bacteria such as Legionella,
higher amounts of biofilm could potentially lead to increased risk of human contact with pathogenic bacteria.
Legionella pneumonophila causes Legionnaire’s disease. Some studies show that PEX displayed the strongest
biofilm formation and the strongest promotion of the growth of Legionella bacteria and that copper piping inhibits
the growth of Legionella bacteria (Coalition for Safe Building Materials 2005:41-42).

Biofilms are a collection of microorganisms surrounded by the slime they secrete, attached to either an inert or
living surface (Edstrom Industries 2008). Biofilms are common in nature. They are usually found on solid
substrates submerged in or exposed to some aqueous solution. Biofilms may form on any surface exposed to
bacteria and some amount of water. A biofilm can be formed by a single bacterial species, but more often biofilms
consist of many species of bacteria, as well as fungi, algae, protozoa, debris, and corrosion products. Bacteria
commonly have mechanisms by which they adhere to surfaces and to each other. In residential and commercial
environments, biofilms can develop on the interiors of pipes and lead to clogs and corrosion. MNB Momba et al.
2000 define the term biofilm as a layer of microorganisms in an aquatic environment held together in a polymetric
matrix attached to a substratum such as pipes or tubing. The matrix consists of organic polymers that are produced
and excreted by the biofilm microorganisms. Biofilms are sometimes formed as continuous, evenly distributed
layers but are often patchy in appearance. Biofilms in water distribution systems are thin, reaching a maximum
thickness of perhaps a few hundred micrometers (MNB Momba et al. 2000). Biofilm is analyzed in studies as the
number of total bacteria, heterotrophic plate counts (an indicator of bacteria cell counts), or the concentration of
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adenosine triphosphate per surface area (which correlates with direct bacterial cell counts) of biofilm (Markku et
al. 2005). Biofilms are a public health concern because they could potentially harbor pathogens, such as
Legionella pneumophila, which causes Legionnaire’s disease.

Although some studies show greater formation of biofilm in PEX tubing as compared to copper (Veenendaal and
van der Kooij 1999) these results were reported after a relatively short duration (less than 250 days). Because
plumbing pipes or tubing installed in buildings are generally used for many years, the studies evaluating biofilm
formation over longer time periods (between 250 days and 2 years) provide more relevant results than studies
evaluating biofilm formation over shorter time periods. Dick van der Kooij of KIWA Research presented the results
of a study where bacteria were allowed to grow for an additional 300 days beyond the duration of the original study
(described above) at a Legionella congress in Amsterdam (2006). The longer duration study showed that Legionella
growth was approximately the same in copper as in PEX. The study authors hypothesize that the amount of
Legionella on copper is low in the beginning because of the release of copper ions, which have a toxic effect on the
Legionella bacteria. However, over a period of time a biofilm layer is created that may serve as a barrier, thus
preventing or lessening the release of copper ions and ultimately reducing the toxic effect on the Legionella.

Perhaps more importantly from a public health perspective, the studies indicate that there does not appear to be a
direct connection between quantities of biofilm and Legionella, nor does Legionella occur at higher rates in PEX
than in copper. One of the conclusions of the study conducted by Veenendaal and van der Kooj (1999), discussed
above, was that though there was greater formation of biofilm in PEX during the 200-day testing period, there
was no direct relationship between biofilm formation and growth of Legionella and measurements of Legionella
growth in copper and PEX were not substantially different after 200 days. Van der Kooij et al. (2005) studied
biofilm formation and growth of Legionella with pipes of copper, stainless steel and PEX. The authors found that
Legionella concentrations in water and biofilms were at the same levels for all materials after 2 years. Therefore,
increased biofilm growth does not correspond to higher amounts of Legionella bacteria, and the use of PEX
would not lead to increased risk of human contact with pathogenic bacteria. Therefore, this is considered a less-
than-significant impact.

Mitigation Measure

No mitigation measures are necessary because the impact is less than significant.

IMPACT  Public Health and Hazards—Increased Risk of Fire Ignition and Fire Spread. PEX tubing carrying water
4.2-2 within a building is not likely to be flammable. Conformance to CPC requirements and applicable design and
installation guidelines, including the use of approved firestop material, would reduce any potential fire hazards—
related depressurization of plastic tubing during structural fires. Additionally, plastic tubing is not an efficient
heat conductor and structure fires generally do not exceed the temperature necessary to cause plastic tubing
to ignite, thus the use of PEX would not increase fire hazards. Therefore, this impact is less than significant.

Comments have been made that when filled with water, PEX is not likely to be flammable, but when exposed to
heat during a fire, the PEX may rapidly rupture. PEX rupture may drain or depressurize the plumbing system and
create openings in wall studs that may encourage the spread of fire (Coalition for Safe Building Materials
2005:44). Concerns exist that the use of PEX tubing poses a significant fire threat because of the highly
flammable characteristics of PEX (Coalition for Safe Building Materials 2005:44).

Both copper and plastic tubing are often inserted perpendicularly through 2- x 4-inch wall studs. Heat generated
during structural fires may cause PEX to burst or melt. The burst or melted tubing may result in an opening
between the tubing and the 2 x 4 (Exhibit 4.2-1). Thus, the wall stud would no longer be sealed. This type of
opening could depressurize the space and may encourage the spread of fire.

PEX has characteristics similar to other plastic pipes that have been studied and tested more rigorously than PEX.
Fire ignition is the means by which things catch on fire. Plastic pipes and tubing have low thermal conductivity, so
fire ignition or a threat of fire spread from high temperatures or heat conduction along plastic pipes that penetrate
wood wall studs is highly unlikely (PM Engineer 2003:2-3). Additionally, a database review of fires related to the
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use of plastic pipes during the last 40 to 50 years in the United States concluded that the use of plastic pipe presents
no unique fire hazard and does not demonstrate unique issues concerning fire ignition or the spread of fire
(Zicherman 2000:6). While temperatures in wall cavities may cause plastic to melt during the early stages of a
structural fire, the temperatures are still far too low to cause the plastic to catch on fire (PM Engineer 2003:3). In
addition, no studies or evidence demonstrates that depressurized pipes are a substantial fire hazard. Because PEX is
not flammable and does not encourage fire spread, its use would not result in increased fire hazard.

CPC Chapter 15, Section 1506.3, specifies that [pipe] “[p]enetrations shall be protected by an approved
penetration firestop system installed as tested in accordance with ASTM E 119 or ASTM E 814.” ASTM E 119,
Standard Test Methods for Fire Tests of Building Construction and Materials, provides a relative measure of the
fire-test-response of comparable building elements under certain fire exposure conditions (ASTM 2008b).
ASTM E 814, Standard Test Method for Fire Tests of Through-Penetration Fire Stops, is applicable to through-
penetration firestops of various materials and construction (Table 4.2-2). Firestops are intended for use in
openings in fire-resistive walls and floors that are evaluated in accordance with ASTM E 119 (ASTM 2008b).

Table 4.2-2
Testing Standards Related to Firestop Materials
Testing Standard Title Purpose
ASTME 814 Standard Test Method for Fire Tests of Through-Penetration Fire Stops Firestop compatibility
ASTME 119 Standard Test Methods for Fire Tests of Building Construction and Materials Firestop compatibility
Source: Data compiled by EDAW in 2008.

Q/\O 2x4 Wall Stud \%

Firestop Material \

U

Normal Pipe Fit Fire Damaged Pipe

G 07110179.01 001

Source: Data compiled by EDAW in 2008

Heat Damaged Plastic Pipe Exhibit 4.2-1
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CPC specifies that plumbing penetrations of floors must have a T rating of at least 1 hour (Section 1505.3), and other
penetrations shall have an F rating of at least 1 hour (Section 1505.3). An F rating is based on flame occurrence on
the unexposed surface, while the T rating is based on the temperature rise and flame occurrence on the unexposed
side of the fire stop. Both of these ASTMs are used to measure and describe the response of materials, products, or
assemblies to heat and flame under controlled conditions associated with the T and F ratings (ASTM
2008a).Therefore, PEX products that are certified under these ASTMs are in compliance with CPC Section 1506.3.

Conformance to the applicable design and installation guidelines, such as using the approved firestop material,
can prevent any potential for fire hazards related to depressurization of plastic pipes (PM Engineer 2003:4). Eight
studies in PM Engineer 2003 discuss fire endurance tests involving cavity wall constructions containing plastic
pipes. Each test demonstrated that successful installations can be made using generic firestop materials for smaller
diameter pipes and approved penetration firestop systems for larger diameter pipes. These studies cited tests that
were conducted at federal and university labs and third-party testing facilities. The use of plastic plumbing does
not reduce fire endurance of firestop material provided that the pipe penetrations are properly designed, sized, and
sealed (Zicherman 2000:4). The use of approved firestop material would either prevent pipe rupture or actively
fill the ruptured pipe space within the wall stud. Therefore the use of plastic pipes, including PEX, is not likely to
increase fire ignition and fire spread.

As noted in a letter submitted by the California Department of Forestry, Office of the Fire Marshal (Reinertson,
pers. comm., 2006:1), the development of firestop materials, requirements currently in the California Building
Standards Code, and 2006 UPC provisions adopted in the 2007 California Building Standards Code (Walls, pers.
comm., 2008) all mitigate the fire spread hazard associated with PEX. The letter from the California State Fire
Marshal confirms that the adopted Uniform Building Code provisions and other applicable requirements mitigate
the possibility of fire spread associated with the use of PEX. The use and proper installation of approved firestop
materials would prevent pipe rupture. Therefore, the use of PEX would not result in increased fire hazard.

For discussion of PEX compatibility with certain firestop compounds, please see the discussion below in
Impact 4.2-3.

The Plastic Pipe and Fittings Association has tested and compiled information on the firestop capabilities of
various plumbing penetrations of walls and other structures (Ackerman, Cen, and Wilging 2004). This document
provides diagrams of tested configurations for plumbing penetrations of firestop structures and the T and F ratings
for those structures. These tests show possible configurations for floor penetrations using PEX that have both

T and F ratings of 2 hours. They also show wall penetrations that have T and F ratings of 1 hour. As demonstrated
by the above described configurations, with appropriate fittings and structural penetrations PEX can meet the
firestop standards adopted in California. Sample firestop assemblies and system configurations for floors and
walls can be found in Appendix D (Ackerman, Cen, and Wilging 2004). Because PEX meets the firestop
standards specified in the California Administrative Code, Section 1501.1 et seq., use of PEX would not increase
fire hazards or encourage fire spread. Therefore, this impact is considered less than significant.

Mitigation Measure

No mitigation measures are necessary because the impact is less than significant.

IMPACT  Public Health and Hazards—Risk of Premature or Unexpected PEX Failure and Flooding Potentially

4.2-3 Increasing the Incidence of Mold. Ultraviolet (UV) light, disinfectants such as chlorine, and certain firestop
materials can contribute to failure of PEX. However, PEX manufacturers add UV-resistant material into the pipe
and include instructions as to how to avoid UV degradation, which decreases the potential for any adverse impact
of UV light on PEX. Numerous firestop materials are compatible with PEX and, when appropriately used, firestop
materials do not degrade PEX. Finally, there is some evidence that PEX exposed to potentially harsh conditions,
such as those found in continuously recirculating hot water systems, may be subject to premature degradation by
the oxidants found in common potable water disinfectants and might have a shorter product life than copper,
CPVC, or PEX used in traditional domestic applications. However, the possibility that PEX would fail prematurely
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as a result of degradation by disinfectants in continuously recirculating hot water systems is considered to be
remote. Continuously recirculating hot water systems are rare, and there is no evidence that PEX has failed
prematurely in any continuously recirculating hot water system. Nevertheless, the potential for premature or
unexpected PEX failure in continuously recirculating hot water systems and subsequent adverse affects is
conservatively considered a potentially significant impact.

Interactions with oxidizers (i.e., UV light, firestop materials) and disinfectants such as chlorine, chloramine, and
chlorine dioxide have been reported to deplete stabilizers in PEX (Coalition for Safe Building Materials 2005:33;
Vibien et al. n.d., Chung et al. n.d. It has been asserted that these interactions eventually cause polymer chains
(combined molecules that contain repeating structural units) in PEX tubing to break down, which may result in
brittleness and loss of strength and, it is has been asserted, ultimately premature mechanical failure (Coalition for
Safe Building Materials 2005:33). Despite this potential, studies that have addressed chlorine resistance of PEX
have concluded that PEX "appears to have good resistance to chlorinated potable water" (Vibien et al. n.d. at p. 4)
This conclusion is also supported by the fact that there have been no documented instances of PEX failing as a
result of exposure to disinfectants.

The possibility of pipe failure, for any reason, is not limited to PEX. As noted above, pipe failure in California
commonly occurs in the most common plumbing material used for conveying potable water, copper tubing.
Copper failures are becoming increasingly common and can be attributed to pinhole leaks from nails and
degradation from chloramines (See, e.g., Shields, pers. comm., 2008). Ruptures and pinhole leaks can cause
serious water damage to homes (Coalition for Safe Building Materials 2005:33; Maryland Department of Housing
and Community Development 2004). There is an important distinction between typical occurrences of copper
pipe failure and failure of PEX tubing. Copper pipe is subject to accidental perforation during construction and
resulting unnoticeable pinholes lead to persistent undetected leaking, which is the type of failure that is known to
lead to the formation of mold (Louden and Wick, pers. comm. 2007). In comparison, any PEX failure would
result in the immediate and readily apparent release of water from the pipe, which would be expected to result in
other noticeable effects (e.g., water damage to ceilings and walls, diminished water pressure) and be repaired prior
to the formation of mold. Thus, pinhole leaks of copper present much more tangible risk of toxic mold infestation.

Nonetheless, as with copper pipe, water damage from leaking or ruptured PEX pipes may cause mold to grow,
which is often not visible. Mold may be hidden in places such as inside walls, around pipes, and inside ductwork.
Other possible locations of hidden mold include the back side of drywall, wallpaper, or paneling; the top side of
ceiling tiles; or the underside of carpets and pads. Molds can cause health problems because they produce
allergens, irritants, and in some cases, potentially toxic substances (mycotoxins). Inhaling or touching mold or
mold spores may cause allergic reactions in sensitive individuals. Allergic responses include symptoms such as
sneezing, runny nose, red eyes, and skin rash (dermatitis). Allergic reactions to mold are common and can be
immediate or delayed. Molds may also cause asthma attacks in people with asthma who are allergic to mold (EPA
2008).

PEX has been used for many years in many geographic locations. Like many products, issues have arisen that
point to problems with, for example, specific lots (batches) of PEX products or particular methods of installation.
For example, PEX failures are the subject of a number of lawsuits in Washington State (Coalition for Safe
Building Materials 2005:34). The PEX failures in Washington State refer to a specific resin source that failed in
several applications, such as distribution, hydronic applications, and where firestop materials were once in contact
with the tubing. These failures, however, were attributed to a specific defective lot. All of the failed PEX tubing
was produced by a single manufacturer, which is no longer in business (Church, pers. comm., 2007:5). Such
failures are not representative of the entire PEX industry. Another current lawsuit concerns a number of failures
related to the use of Zurn-manufactured PEX tubing and the brass the fittings manufactured by Zurn for use with
Zurn PEX. This lawsuit is ongoing. According to the plaintiffs, the pipe failures appear to be related to either a
design or manufacturing defect of the fittings. Therefore, the Zurn suit is not relevant to the general issue of
potential PEX failure.
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NSF 14 has been modified to include testing of brass fittings containing more than 15% zinc for Dezincification
Resistance and Stress Crack Corrosion Resistance to address concerns raised due to changing water quality. BSC
has no evidence that brass fittings used with PEX in California are failing, from dezincification or any other
reason. The potential for failure of a PEX system from brass fittings is speculative, appears to be based on water
quality conditions unique to a few areas in the US which are not limited to brass fittings for PEX, and there is no
evidence to suggest any failures that might occur in California would lead to widespread incidences of mold
leading to a substantial impact on public health. Moreover, regulatory changes applicable to fittings used with
PEX have been adopted to address the potential for failure of brass fittings from dezincification or stress crack
corrosion. As noted above, NSF/ANSI 14 was revised in 2009 to add dezincification resistance and stress
corrosion resistance requirements for brass fittings. (ANSF/NSF 14-09, Section 5.8 and p. vii.). The standard
incorporates a well-recognized and accepted metallurgical test (ISO 6509) that will ensure that brass fittings used
with PEX will not experience dezincification and ASTM B858 to ensure protection against stress crack corrosion
that could lead to premature failure of the PEX system. All fittings used with PEX tubing will have to meet the
performance requirements of NSF 14-2009. For these reasons, the potential impact for failure of a PEX system
from a failure of fittings is considered to represent a less than significant impact. Although not required to
reduce a significant impact, because the most current (2009) version of NSF 14 contains requirements to guard
against dezincification of brass fittings that may be used with PEX, it is reasonable to update the California
Plumbing Code's list of mandatory standards to reflect the more current performance standard and to require
compliance with NSF 14-2009, which will further minimize the potential for a significant impact.

PEX Failure from Ultraviolet Light

UV light may rapidly deplete the stabilizers in PEX, which would dramatically reduce its lifespan (Coalition for
Safe Building Materials 2005:36). PEX may be left exposed at construction work sites or laid under slab at the
edges of the building where it could be exposed to sunlight during portions of the day, left exposed during pipe
installation, slab pour, framing, and sheathing. In tract housing this can add up to a month or more of exposure
(Coalition for Safe Building Materials 2005:36). Excessive radiation is known to be detrimental to some plastic
pipes. Accordingly, PEX is specially packaged and specific instructions are provided by the manufacturers as to
acceptable exposures based on the type, color, and/or composition of the pipe (Church, pers. comm., 2007:3).
Although PEX includes additives to prevent UV degradation, PEX should not be stored for extended periods
outdoors exposed to the sun. Precautions must be taken after the pipe is removed from the original container.
Each PEX manufacturer publishes a maximum recommended UV exposure limit that generally does not exceed a
total accumulated time of 60 days, based on the UV resistance of that pipe (NAHB Research Center 2006:10).
Most PEX manufacturers add UV-resistant material into the pipe and include instructions to avoid UV
degradation. Because of this, and because it is considered reasonable and feasible that persons installing PEX
would comply with manufacturers’ instructions, substantial incidence of mold resulting from premature failure of
PEX from UV degradation is considered an anomalous condition and a less-than-significant impact.

PEX Failure from Firestop Materials

Certain firestop materials used to safeguard PEX during fires are thought to accelerate degradation of PEX
material, which may lead to pipe rupture (Coalition for Safe Building Materials 2005:35). Specifically, certain
intumescent firestop materials may accelerate the loss of stabilizers in PEX, which could lead to pipe failure
(Coalition for Safe Building Materials 2005:35). An intumescent is a substance that swells from heat exposure.
This fire-resistant material restores the fire-resistance ratings of rated wall and/or floor assemblies by filling any
openings, thus impeding the spread of fire through the opening.

Many firestop materials are designed to be compatible with PEX and some are not. Compatible firestops include,
but are not limited to, gypsum-based caulking (Coalition for Safe Building Materials 2005:35), Triple S
Intumescent Sealant, LCI Intumescent Sealant, and Pensil Silicone Sealant (Specified Technologies, Inc. 2008).
Most firestop materials are labeled to indicate whether they are compatible with PEX. Certain solvents are
incompatible with PEX tubing and some firestops contain these solvents. Uponor, as well as most (if not all)
manufacturers have a list of recommended firestop materials for use with PEX tubing. In all cases, manufacturers
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provide listings to ASTM E 814 (standard for penetrations of fire-rated walls) that specify a particular firestop
material (Houle, pers. comm., 2008). To comply with the California Building Code requirements, the installation
of the PEX tubing through the wall must comply with the listing for the particular assembly that will specify the
type of firestop used. All of the firestop manufacturers that Uponor and other manufacturers recommend have the
necessary E 814 listings with PEX tubing. (Houle, pers. comm., 2008). Most PEX manufacturer’s installation
guides also indicate that oil-based firestop materials should not be used and that in the event that the firestop
materials are not labeled regarding compatibility with PEX, the PEX should be wrapped with aluminum foil
before using the firestop materials to avoid contact of the firestop materials with the PEX. In addition to firestop
materials, certain assemblies of materials and fittings are available that create a firestop installation. Because
many readily available firestop materials are compatible with PEX, and the information about which materials are
appropriate to use with PEX is readily available, the potential impact of substantial incidences of mold caused by
premature failure of PEX as a result of use inappropriate firestopping materials is considered less than
significant.

PEX Failure from Degradation by Disinfectants

Certain disinfectants, including chlorine, chloramine, and chlorine dioxide, commonly used in treating potable
water have been reported to degrade PEX in laboratory tests. (Chung et al. n.d.; Vibien et al. n.d.) Although
chlorine is the most common disinfectant, some jurisdictions in California are moving from chlorine to
chloramine for water supply disinfection (EPA 2007). The primary reason for the trend is that, while both chlorine
and chloramine can react with other compounds in water to form disinfection byproducts that are harmful to
public health, chloramine forms significantly lower levels of these compounds. Approximately one-third of all
public water systems in the United States now use chloramine for disinfection (EPA 2007). There is little
evidence that chlorine dioxide is commonly used as a disinfectant in California.

Without attack from chloramines or aggressive water, copper pipes are known to outlast the buildings in which
they are installed. However, no sets of full-product-life data are available that show the actual life expectancy of
CPVC and PEX; data from available testing methods estimate life expectancy, but are based on extrapolation.
CPVC and PEX have simply not been in use in the United States long enough to provide data on performance
over time (Thielen, pers. comm., 2008). During preparation of the EIR, dozens of studies, documents, articles and
other sources were reviewed and analyzed. This review yielded no documented instances of failure of PEX in
actual use by consumers due to exposure to any disinfectant. BSC has no evidence that PEX will not survive for
its warranted period. Available evidence suggests that even under conditions where PEX is exposed to chlorine,
PEX is markedly durable (Vibien et al. n.d. Specifically, it was determined that even under the most aggressive
conditions of continuously recirculating hot chlorinated water, PEX certified to ASTM F876/877 has a predicted
test lifetime of 93 years, with a 95 percent lower confidence limit of 52 years. (Id.) Further evidence suggests
that the interaction of PEX with chlorine, chloramines and chlorine dioxide is similar Chung et al. n.d..

As noted above, various standards are used for testing the resistance of PEX to distribute hot and cold water. All
of the testing methods involve testing water under pressure in a flowing system. This continuous flow ensures that
a constant controlled level of disinfectant is present in the water throughout testing. Samples are tested under
aggressive (i.e., hot water and high disinfectant content) water quality conditions that are intended to represent
worst-case scenarios that might be seen in service life. Elevated temperatures are used to accelerate failures.
Expected service life is extrapolated from time to failure under these tests, which take place over a 36- to 62-day
period.

These standards specifically address the oxidative stability of PEX in potable chlorinated water applications.
(See, e.g., ASTM F876-08 Section 7.11). There is currently no standard or test methodology that tests the
oxidative stability of PEX to other common disinfectants, including chloramine or chlorine dioxide. However, a
study of the relative impact of all three disinfectants on PEX tubing concluded that "the consistency observed in
the failure mechanism for the different oxidants suggests that the methodologies developed for chlorine resistance
testing can also be applied to analysis of the impact of chloramines and chlorine dioxide on pipe performance"
(Chung et al. n.d). Further, there is evidence that chloramines are less aggressive on PEX than chlorine, with test
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results showing a 40% longer lifespan for PEX tested with chloramines compared to testing with free chlorine, as
stated in Note 1 of ASTM F2023 (ASTM 2008a). Based on the results of this testing performed by Jana
Laboratories, the Plastics Pipe Institute released a statement that that chloramines are less aggressive than free
chlorine to PEX pipes and that testing using free chlorine in accordance with ASTM 2023 will conservatively
estimate the time-to-failure for PEX pipes when used with the disinfectant chloramines (PPI 2007).

Concerns have been expressed that certification in accordance with the ASTM F2023 test method does not
actually ensure the 50-year or 90-year service of PEX products that has been claimed by some manufacturers and
third-party testers of PEX because of the extrapolation of data from a short testing period to a long service life
period is inherently uncertain (Coalition for Safe Building Materials 2005:33). Additionally, concerns have been
raised that exposure to drinking water disinfectants may cause more rapid breakdown of PEX in systems using
continuously recirculating hot water and that PEX in such systems may not meet the certified life expectancy of
50 years when certified according to performance standards required by the California Plumbing Code . (Boyher,
pers. comm., 2007; Coalition for Safe Building Materials 2008).

ASTM F2023 is a national consensus test method developed as a result of scientific study and with the consensus
of experts familiar with technical issues related to plastic materials and product testing. The method details the
exposure requirements for PEX tubing, water quality requirements, temperature and pressure requirements and
contains detailed information on using the data to determine the extrapolated life expectancy at various operation
conditions, including traditional hot water systems and continuous recirculation systems. Testing of PEX tubing is
performed under conditions of continuously flowing hot water at 203°, 221°, and 239°F. The test results are then
used in a regression analysis to extrapolate to water temperatures of 140°F (hot water) and 73°F (cold water). An
equation called Miner’s rule is applied to estimate pipe lifetimes based on time to failure under a variety of test
conditions assuming the 25% hot water and 75% cold water exposures. While extrapolation is inherently
uncertain, it is the best available means of predicting product lifespan. Based on the available evidence, it is
reasonable to assume that PEX used in traditional domestic applications (exposure to hot and cold water) that
meets the chlorine resistance requirements of ASTM F876 when tested in accordance with ASTM F2023 will not
fail prematurely relative to other plumbing products in common use, including copper.

ASTM F876 provides the pass/fail criteria for certifying the oxidative stability of PEX in potable chlorinated
water applications when tested in accordance with ASTM F2023. PEX that has been certified to meet the
chlorine resistance requirements of ASTM F876 will have a certified minimum time to failure of 50 years. The
current California Plumbing Code requires that PEX meet the performance requirements of an older version of
ASTM F876 -- ASTM F876-2004a. ASTM F876-2004a was not designed to address PEX lifespan in a 100%
continuously recirculating, hot water system. The most current version of the standard, ASTM F876-08,
however, addresses 100% hot water for recirculating systems. PEX that meets the chlorine resistance
requirements for product life in a continuously recirculating hot water system will be marked as "PEX 5006".
(See ASTM F876-08, Section 7.11.3). The digit 5 indicates that the PEX tubing has been tested and meets the
requirements for minimum chlorine resistance at end use condition of 100 percent hot water at 140 degrees
Fahrenheit. (Section 3.2.1.1(6).)

This section of the EIR analyzes the potential for significant adverse effects to human health if PEX were to result
in widespread failures that lead to flooding, which in turn lead to the growth of toxic mold. This impact requires
widespread pipe failure as one step in a chain of causation. A single instance of pipe failure, or several, would be
insufficient to cause a substantial impact to human health. According to the thresholds of significance applied in
this EIR, in order for a significant adverse impact to occur, there must be substantial evidence that PEX will fail
prematurely, resulting in flooding that leads to widespread instances of mold infestation associated with
significant health risks. Premature pipe failure would require attention and repair in the affected building, which
may result in some economic impact, but isolated instances of pipe failure, in and of themselves, are not
considered to be a significant environmental impact.

The studies from Jana Laboratories (Vibien, et al. n.d. and Chung, et al, n.d.) cited above define the failure of
PEX pipe as the loss of fluid through the wall of the pipe. Images and narrative descriptions in these studies show
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that when PEX does fail, it develops longitudinal cracks that pass water. The mode of failure for PEX would thus
be immediately noticeable and the residents or occupants of the structure would be able to respond quickly, thus
reducing the long-term prevalence of moisture which could potentially lead to toxic mold. The failure mode of
PEX thus reduces the likelihood of the relevant impact, which is the possibility of adverse health effects. There
are no scientific studies, reports, or other substantial evidence available linking the failure of PEX to mold
infestation.

There is no evidence that PEX will fail prematurely in traditional potable water applications. Adequate standards
are available to ensure the resistance of PEX to chlorine in both traditional and continuously recirculating hot
water systems, and these standards will be effective in assuring resistance in systems where the water is
disinfected with chloramine and chlorine dioxide. Independent testing of PEX under highly aggressive conditions
(continuously recirculating hot water) resulted in predicted lifespans of 52-93 years, consistent with both
manufacturer warranties and the 50-year minimum lifespan provided by ASTM F876-08. (Vibien, et al. n.d.)
Because ASTM F876-2004a does not address the possibility of premature PEX failure from disinfectant
degradation in continuously recirculating hot water systems, it is reasonable to require that PEX used in such
systems meet the chlorine resistance requirements of ASTM F876-08, which is designed to ensure a 50-year
lifespan in such systems.

Polybutylene in Chlorinated Water

There are contrasting claims about whether or not polybutylene (PB) and PEX are related and demonstrate similar
properties. Both are from the polyolefin family, but PB is derived from butanol and PEX is derived from ethylene.
A key concern with PB is that it is vulnerable to degradation from chlorine and to loss of antioxidants, which
results in mechanical failure. Some have expressed concern that PEX could be subject to the same kind of failure.
It is true that both PB and PEX are members of the polyolefin family, but that does not necessarily mean that PEX
automatically behaves similarly to PB (Chaudhuri, pers. comm., 2008).

Lundback et al. (2006) studied PB pipes in chlorinated water and the lifetime was assessed as a function of
temperature and chlorine content. The authors found that the lifetime of PEX shortened in chlorinated water
substantially, even at a relatively low chlorine content of 0.5 ppm. Further increases in the chlorine content of the
water only moderately shortened further the lifetime of PEX. The decrease in the antioxidant concentration was
independent of the chlorine concentration in the range of 0.5-1.5 ppm.

No independent peer-reviewed journal articles were located that compare PB and PEX failure under the same
conditions; therefore, it is not possible to determine based on literature review whether PEX could fail in a similar
manner to PB. Tests are available, however, to determine the product life of PEX given chlorine usage in
domestic hot water systems. While it is unknown whether PEX would behave in a similar fashion to PB under
similar conditions (though indications from use of PEX so far is that PEX is more resistant to oxidation than PB),
the relevant issue is that it is important to test PEX under the chlorine conditions to which it would be used in
California to determine its ability to withstand chlorinated water in typical drinking water systems.

High-Density Polyethylene in Chlorinated Water

Almost all PEX is made from high-density polyethylene (HDPE). PEX begins as HDPE but one key difference is
that PEX contains cross-linked bonds that create a polymer structure. Hassinen et al. (2004) studied the
deterioration of HDPE pipes exposed to chlorinated water at elevated temperatures. The authors found that
embedded stabilizers in HDPE were rapidly consumed by the action of chlorinated water. Extensive polymer
degradation was confined to the immediate surface of the unprotected inner wall material. This study was
conducted on HDPE, not PEX; therefore it is not possible to apply these results directly to PEX. In his analysis
report to the California Building Commission (Hoffmann 2005), Hoffman states “Since PEX products will be
more stable and resistant to degradation, we can conclude that the development of a similar affected porous
surface layer should be substantially less than that observed for HDPE.” However, he does not provide any
research or other substantiation for this claim. Therefore, it is uncertain whether PEX could behave in a similar
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fashion to HDPE. However, as with the comparison to PB above, the relevant issue is that PEX should be tested
under the chlorine conditions to which it would be used in California to determine its ability to withstand
chlorinated water in typical drinking water systems.

Conclusion

UV light, certain firestop materials, and water supply disinfectants such as chlorine, chloramine, and chlorine
dioxide can contribute to failure of PEX. PEX manufacturers add UV-resistant material into the pipe and include
instructions to avoid UV degradation, which decreases the potential for UV light to adversely affect PEX.
Numerous firestop materials are compatible with PEX and are made known by the industry, and if these
compatible materials are used, firestop materials do not degrade PEX. There is no evidence that conditions
believed to have led to failure of brass fittings in a few areas of the U.S. exist in California, and brass fittings used
with PEX will have to comply with the newly adopted performance standards designed to prevent failures from
dezincification and stress crack corrosion. For these reasons, the risk of premature failure from UV exposure or
contact with incompatible firestop materials, or failure of a PEX system due to failure of brass fittings used with
PEX, is considered to be less than significant.

Finally, based on the available evidence, it is not anticipated that PEX will fail sooner, or more frequently, than
any other plumbing product in use, including copper. Moreover, if failures were to occur, there is no evidence
that would support a determination that failures would be widespread, or result in widespread incidences of mold
infestation. Adequate standards are available to ensure the resistance of PEX to chlorine in both traditional and
continuously recirculating hot water systems, and these standards will be effective in assuring resistance in
systems where the water is disinfected with chloramine and chlorine dioxide. Because ASTM F876-2004a does
not address the possibility of premature PEX failure from disinfectant degradation in continuously recirculating
hot water systems, it is reasonable to require that PEX used in such systems meet the chlorine resistance
requirements of ASTM F876-08, which is designed to ensure a 50-year lifespan in such systems. Because PEX
tubing used in continuously recirculating hot water systems may potentially have shorter product life as a result of
degradation from commonly used disinfectants than copper, CPVC, or PEX in traditional domestic applications,
this is considered a potentially significant impact. However, certification to the continuous hot water
requirements of ASTM F876-08 would ensure that PEX used in continuously recirculating hot water systems has
a minimum life of 50 years (and possibly as great at 93 years, based on laboratory tests), which would be
sufficient to avoid substantial or widespread premature pipe failure and would thus reduce the risk of any impact
from pipe failure to less than significant.

Mitigation Measure 4.2-1: Risk of Premature or Unexpected PEX Failure and Flooding Potentially Increasing the
Incidence of Mold.

Mitigation Measure 4.2.1a:

The Building Standards Commission shall amend Table 14-1 of the California Plumbing Code to require
compliance with NSF 14-2009, which includes requirements to prevent dezincification and stress crack corrosion
of brass fittings used with plastic pipe.

Conclusion: Although not needed to reduce a significant impact, adoption of Mitigation Measure 4.2.1a will
further minimize the potential for failure of PEX tubing system by ensuring that brass fittings used in any PEX
system meet the most current regulatory standards designed to address dezincification and stress crack corrosion,
which are contained in NSF 14-2009.

Mitigation Measure 4.2.1b:
The BSC also shall adopt regulatory language requiring that when installing PEX for any continuously

recirculating, hot water system, the PEX tubing must be certified as meeting the chlorine resistance requirements
of ASTM F876-08 or an appropriate, equally rigorous standard. Any equally rigorous yet-to-be adopted standard
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shall be approved by the Building Standards Commission and shall be one that tests for 100% continuously
recirculating hot water and ensures a product lifetime of at least 50 years. The adopted regulatory language shall
specify these requirements for all continuously recirculating, hot water systems regardless of the type of
disinfection used.

Conclusion: Because the ASTM F876-08 standard assumes 100% hot water to ensure a conservative product
lifetime of at least 50 years, adoption of Mitigation Measure 4.2.1b would reduce the risk of premature or
unexpected PEX failure in continuously recirculating hot water systems to less than significant.

IMPACT  Public Health and Hazards—Increased Safety Hazards for Plumbers. PEX tubing does not require the use
4.2-4 of solvents, glues, or open flames during installation. Also, PEX tubing is lighter than metal pipes. Therefore,
there are no health hazards for plumbers and this impact is less than significant.

The installation of PEX tubing uses fittings that do not require solvents or glues, which means it does not generate
airborne substances in the workplace that would cause harm to plumbers. Additionally, no soldering or welding is
required to install PEX tubing, which means there is no risk of burns or fires during installation. Further, PEX
tubing weighs less than metal pipes, which reduces potential for health and safety issues related to physical
injuries. Because the use of PEX would not result in safety hazards for plumbers, this is considered a less-than-
significant impact.

Mitigation Measure

No mitigation measures are necessary because the impact is less than significant.
4.2.4  SIGNIFICANT AND UNAVOIDABLE

Because all potentially significant and significant impacts would be reduced to less than significant with the
implementation of mitigation, no public health and hazards impacts would be significant and unavoidable.
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4.4 WATER QUALITY—REVISED

As described in Chapter 1, Introduction, a lawsuit challenging the adequacy of the EIR upon which the California
Building Standards Commission (BSC) based its decision to approve use of PEX pipe for potable water uses in
California, was filed in early 2009. As a result, the BSC was directed to remedy specific water quality issues in
the EIR, including the following topics as described in the December 4, 2009 ruling of the Alameda County
Superior Court: noncancer health risks from leaching of constituents from PEX pipe; short-term genotoxic cancer
health risks; and taste and odor impacts. These issues are addressed in the revised analysis provided under Impact
4.4-1 and Impact 4.4-2, as well as additional information in the regulatory setting. Information has also been
added to Section 4.4.2, Regulatory Setting and Section 4.4.3, Existing Setting to provide additional clarity about
these topics. The validity of the approaches and assumptions used in this analysis, and the determinations about
potential health effects from leaching of constituents from PEX pipe into drinking water, were reviewed and
confirmed by Jonathan Borak, MD, DABT. Dr. Borak is a clinical professor of epidemiology and public health
and associate clinical professor of medicine at Yale University. Dr. Borak’s curriculum vitae is included in
Appendix A.

44.1 REGULATORY SETTING

Federal and State of California regulations related to the potential water quality impacts of using PEX pipe are
described below. No local water quality plans, policies, regulations, or laws are applicable to the proposed project.

FEDERAL PLANS, POLICIES, REGULATIONS, AND LAWS
Federal Safe Drinking Water Act

Pursuant to the federal Safe Drinking Water Act (42 United States Code Section 300f et seq.), the U.S.
Environmental Protection Agency (EPA) establishes national standards for drinking water using a two-step
process. First, it establishes what are known as public health goals (PHGs), which are science-based standards at
which there is no risk to human health. Second, it considers available technology and cost of treatment to
determine the National Primary Drinking Water Regulations that set enforceable regulatory standards called
maximum contaminant levels (MCLs). The Safe Drinking Water Act has strict standards for bacteria in drinking
water and meeting these standards generally requires disinfection. Pursuant to the Supremacy Clause in the U.S.
Constitution (Article VI, Clause 2) states may not adopt regulations that are less stringent than the federal
standard. The federal act provides a floor of regulatory standards; it also grants individual states authority to adopt
more stringent standards.

Lead and Copper Rule

The Lead and Copper Rule (LCR), Code of Federal Regulations 141.81, was established in 1991. The goal of the
LCR is to provide maximum human health protection by reducing lead and copper at consumers’ taps. To
accomplish this goal, the LCR establishes requirements for community and nontransient/noncommunity water
systems. These systems must conduct periodic monitoring and optimize corrosion control. In addition, these
systems must perform public education when the level of lead at the tap exceeds the lead action level, treat source
water if it is found to contribute significantly to high levels of lead or copper at the tap, and replace lead service
lines in the distribution system if the level of lead at the tap continues to exceed the lead action level after optimal
corrosion control has been installed. The action levels are 0.015 milligrams per liter (mg/L) for lead and 1.3 mg/L
for copper, and the MCL goals, which is similar in concept to a PHG, is 0 mg/L for lead and 1.3 mg/L for copper.

The LCR requires water suppliers to (1) optimize their treatment system to control corrosion in customers’
plumbing, (2) determine tap water levels of lead and copper for customers who have lead service lines or lead-
based solder in their plumbing system, (3) rule out the source water as a source of significant lead levels, and (4)
if lead action levels are exceeded, educate their customers about lead and suggest actions they can take to reduce
their exposure to lead through public notices and public education programs. If a water system, after installing and
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optimizing corrosion control treatment, continues to fail to meet the lead action level, it must begin replacing the
lead service lines under its ownership. Lead service lines are uncommon in California, where the primary sources
of lead in drinking water are lead solder and leaching from brass plumbing fixtures.

Disinfection By-Products Rules

EPA drinking water standards require the disinfection of drinking water to kill pathogenic microorganisms that
can threaten human health. However, disinfectants, particularly chlorine, react with naturally occurring organic
and inorganic matter present in water to form chemicals called disinfection by-products (dbps). EPA has
determined that a number of dbps pose a health concern because they have been shown to cause cancer in
laboratory animals or affect the liver and the nervous system and cause reproductive or developmental effects in
laboratory animals. There are also limited studies that indicate that certain dbps may produce similar effects in
people. Based on this information EPA has adopted rules that apply to all community and nontransient
noncommunity water systems that add a chemical disinfectant to the water. The rules establish maximum
contaminant levels for trihalomethanes (THMs), haloacetic acids (HAAs), bromate, and chlorite, as well as
maximum residual disinfectant level goals and enforceable maximum residual disinfectant level standards for
three chemical disinfectants: chlorine, chloramines, and chlorine dioxide. Systems that use surface water, or
groundwater under the direct influence of surface water, are required to remove increased percentages of organic
materials that may react with disinfectants to create dbps.

Agency for Toxic Substances and Disease Registry Minimal Risk Levels

The Agency for Toxic Substances and Disease Registry (ATSDR) is a federal public health agency of the U.S.
Department of Health and Human Services. ATSDR developed Minimal Risk Levels (MRLs) in response to the
mandate established by the Comprehensive Environmental Response, Compensation, and Liability Act, as
amended by the Superfund Amendments and Reauthorization Act, which requires ATSDR and EPA to jointly
ascertain significant human exposure levels for hazardous substances and the associated health effects (ATSDR
2009a). An MRL is an estimate of the daily human exposure to a hazardous substance that is likely to be without
appreciable risk of adverse noncancer health effects over a specified duration of exposure. MRLs are intended to
serve as screening levels (ATSDR 2009a). MRLs are derived when ATSDR determines that reliable and
sufficient data exist to identify the target organ(s) of effect (e.g., kidneys) or the most sensitive health effect(s) for
a specific duration for a given route of exposure (e.g., inhalation, oral ingestion) to the substance. MRLs are based
on noncancer health effects only and are not based on a consideration of cancer effects. Oral MRLs are expressed
as daily human doses in units of milligrams per kilogram of body mass per day (mg/kg-day).

ATSDR uses the no observed adverse effect level/uncertainty factor (NOAEL/UF) approach to derive MRLs for
hazardous substances. MRLs are set below levels that, based on current information, might cause adverse health
effects in the people most sensitive to such substance-induced effects. MRLs are derived for acute (1-14 days),
intermediate (>14-364 days), and chronic (365 days and longer) exposure durations.

MRLs are generally based on the most sensitive substance-induced end point (i.e., risk type) considered to be of
relevance to humans. Most MRLs contain some degree of uncertainty because of the lack of precise toxicological
information on the people who might be most sensitive (e.g., infants, elderly, and nutritionally or
immunologically compromised) to effects of hazardous substances. ATSDR uses a conservative (i.e., protective)
approach to address these uncertainties consistent with the public health principle of prevention. Although human
data are preferred, MRLs often must be based on animal studies because relevant human studies are lacking. In
the absence of evidence to the contrary, ATSDR assumes that humans are more sensitive than animals to the
effects of hazardous substances and that certain persons may be particularly sensitive. Thus the resulting MRL
may be as much as a hundredfold below levels shown to be nontoxic in laboratory animals. Exposure to a level
above the MRL does not mean that adverse health effects will occur (ATSDR 2009a).
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STATE PLANS, POLICIES, REGULATIONS, AND LAWS
California Safe Drinking Water and Toxic Enforcement Act

The California Health and Safety Code prohibits the discharge of chemicals that cause cancer or reproductive
toxicity into drinking water (California Health and Safety Code Section 25249.5 et seq.). This code section was
originally enacted as a part of the California Safe Drinking Water and Toxic Enforcement Act (popularly known
as Proposition 65 or “Prop 65”°). Health and Safety Code Section 25249.9 provides an exemption to the discharge
prohibition, stating that the prohibition does not apply if (1) the discharge will not cause any significant amount of
the discharged or released chemical to enter any source of drinking water and (2) the discharge is in conformity
with all applicable laws, regulations, permits, requirements, and orders. The act has been interpreted to prohibit
discharge of Proposition 65 chemicals into drinking water from plumbing materials and fixtures through which
drinking water passes. The regulations implementing Proposition 65 (California Code of Regulations, Title 22,
Division 2, Part 2, Chapter 3. Section 12711, subdivision [a]) state that, with certain exceptions, the levels of
exposure deemed to pose no significant risk for drinking water are:

» drinking water MCLs adopted by the California Department of Public Health (DPH), which was previously
called the California Department of Health Services (DHS), for chemicals known to the state to cause cancer;

» drinking water action levels (also known as “notification levels”) for chemicals known to the state to cause
cancer for which MCLs have not been adopted;

» specific numeric levels of concentration for chemicals known to the state to cause cancer that are permitted to
be discharged or released into sources of drinking water by a Regional Water Quality Control Board in a
water quality control plan or in waste discharge requirements, when such levels are based on considerations of
minimizing carcinogenic risks associated with such discharge or release.

Section 12805 establishes similar standards for chemicals that cause reproductive toxicity. Additionally, Section
12705 authorizes the Office of Environmental Health Hazard Assessment (OEHHA) to adopt “No Significant
Risk Levels” for carcinogens and “Maximum Allowable Dose Levels” (MADLSs) for reproductive toxicants that
are intended to provide “safe harbors” for dischargers. MADLs represent the NOAEL.

California Safe Drinking Water Act

The California Safe Drinking Water Act (California Health and Safety Code Section 116270) was passed to
ensure that water delivered by public water systems is “pure, wholesome and potable” (California Health and
Safety Code Section 116270[¢e]). The act states that, “It is the policy of the state to reduce to the lowest level
feasible all concentrations of toxic chemicals that when present in drinking water may cause cancer, birth defects,
and other chronic diseases” (California Health and Safety Code Section 116270[d]). The act provides for the
process of adopting drinking water standards and, as described below, the California Administrative Code at Title
22, Division 4, Chapter 15, provides the standards for contaminants. California Health and Safety Code Section
116275 defines primary drinking water standards, or primary MCLs, as the “maximum levels of contaminants
that, in the judgment of the department, may have an adverse effect on the health of persons.” California Health
and Safety Code Section 116365 specifies that the MCLs shall, to the extent technologically and economically
feasible, meet the following requirements:

(1) With respect to acutely toxic substances, avoids any known or anticipated adverse effects on public
health with an adequate margin of safety, and

(2) With respect to carcinogens, or any substances that may cause chronic disease, avoids any significant
risk to public health.

The drinking water standards are calculated using standard risk assessment methods for cancer and noncancer
endpoints.
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The act also provides for the establishment of “notification levels” and “response levels” (also known as source
removal levels) (California Health and Safety Code Section 116454 et seq.). “Notification level” means the
concentration level of a contaminant in drinking water delivered for human consumption that DPH determined
may pose a health risk and warrants notification. Notification levels are not drinking water standards but are
generally supported by a health risk assessment prepared by OEHHA. Notification levels are nonregulatory,
health-based advisory levels established by DPH for contaminants in drinking water for which MCLs have not
been established. Notification levels are established as precautionary measures for contaminants that may be
considered candidates for establishment of MCLs, but have not yet undergone or completed the regulatory
standard-setting process prescribed for the development of MCLs. Chemicals for which notification levels are
established may eventually be regulated by MCLs (after a formal regulatory process), depending on the extent of
contamination, the levels observed, and the risk to human health. Notification levels may be revised to reflect new
risk assessment information.

A “response level” is the concentration of a contaminant in drinking water delivered for human consumption at
which DPH recommends that additional steps, beyond notification, be taken to reduce public exposure to the
contaminant (California Health and Safety Code Section 116455.) If a chemical concentration exceeds the
response level DPH recommends that the drinking water system take the water source out of service (DPH
2007a). Chemicals that pose a cancer risk have a response level that is generally 100 times the notification level.

Title 22 of the California Code of Regulations

NSF International/American National Standards Institute Standard 61—Drinking Water System
Components

NSF is a not-for-profit testing organization that has developed product standards and provided third-party
conformity assessment services to government, users, and manufactures/providers of products and systems
(McLellan, pers. comm., 2008a). NSF has been developing standards for testing and certification of plastics since
1965. NSF is also one of only a handful of organizations certified by ANSI to perform testing and certification to
ANSI/NSF Standard 61.

California Code of Regulations Title 22 Section 64591 requires drinking water system components to be tested
and certified to NSF International/American National Standards Institute (ANSI) Standard 61— Drinking Water
System Components. The 2007 California Plumbing Code Section 604.1 also requires all pipe tube and fittings
carrying water used in potable water systems intended to supply drinking water to meet the requirements of
NSF/ANSI Standard 61. This standard establishes requirements for the control of potential adverse human health
effects from products that contact drinking water (NSF International 2007; McLellan, pers. comm., 2008a) and is
the only ANSI standard that evaluates the health effects of chemical extraction from drinking water system
components (Bestervelt, pers. comm., 2008).

NSF/ANSI Standard 61 is overseen by the NSF Drinking Water Additives Joint Committee comprised of
representation from the regulatory community, the manufacturing industry, and user groups (Bestervelt, pers.
comm., 2008). ANSI accredits NSF standards development procedures to ensure a balanced committee of
stakeholders develops the standards in an open process. The NSF Council of Public Health Consultants provides
technical oversight. The council consists of more than 30 representatives from academia and local, state, and
federal regulatory agencies that provide technical advice and oversight of the NSF Standards. The NSF Health
Advisory Board is responsible for reviewing and approving all allowable contaminant concentrations that are
published in NSF/ANSI Standard. The NSF Health Advisory Board consists of toxicologists from EPA, Health
Canada, state and provincial agencies as well as toxicologists from industry and private consulting firms. ANSI
has served for nearly 90 years as administrator and coordinator of standardization programs in the United States
(www.ansi.org). This private, not-for-profit organization is comprised of more than 1,000 government agencies,
professional societies, and corporations. ANSI facilitates the development of American National Standards by
accrediting the procedures of organizations that develop standards. Accreditation by ANSI signifies that the
procedures used by the standards body meet the ANSI’s requirements for openness, balance, consensus, and due
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process. ANSI oversees hundreds of organizations that develop standards and over 10,000 American National
Standards.

The concentration-based standards for chemical compounds that are used in NSF/ANSI Standard 61 are
protective of the three major types of health risk—cancer, the risk of noncancer toxicity from long-term exposure,
and the risk of toxicity from acute (short-term) exposure. Consistent with standard toxicological practice, if the
toxicological assessment of a particular chemical determines that the level of cancer risk associated with exposure
to that chemical is greater than the long-term and acute noncancer risk, then the standard—expressed as a Total
Allowable Concentration (TAC)—is set to be protective of cancer risk, and the standard is protective against the
other categories of risk. Thus NSF's drinking water standards for TACs always address the type of health risk that
is of greatest concern for each particular chemical compound, and the single TAC for a particular chemical is
protective of all three categories of risk (McLellan, pers. comm., 2010c¢).

In order to obtain NSF/ANSI Standard 61 certification, a product must not leach any chemical at levels exceeding
the applicable concentration-based standards, as measured according to the test protocol set forth in NSF 61 (NSF
International 2007). The protocol measures contaminant concentrations on the 17th day of sample exposure, and
after water has been continuously run (or “flushed”) through the pipes. These measurements are made on the 17th
day in order to more realistically represent the first time consumers would potentially drink water that had passed
through the pipe and any contaminants contained therein. Both the California Plumbing Code and widely
employed construction practices are designed to ensure that water is run through piping for a substantial period
prior to use for drinking water purposes.

The following is typical of residential construction or renovation practices where PEX (or any water piping) is
installed. After a building is framed (or “gutted” in the case of a renovation) and the outside sheathing and the
roof are in place, water piping (including PEX tubing) is installed in the structure. Once installed, the tubing is
capped at the terminal points (at each fixture or other outlet). Then the pipe is hydrostatically pressure tested and
flushed and is inspected by the respective building authority pursuant to California Plumbing Code, § 609.4. The
plumbing system remains under pressure (with water in the pipes) and is capped while sheet rock is installed,
taped and joint compound is applied. A primer coat of paint is applied prior to the installation of cabinets. Once
the cabinets are installed, the piping system pressure is temporarily relieved, the caps are removed and stop valves
and fixtures are installed. The entire water system then is required to be thoroughly flushed again pursuant to
California Plumbing Code, § 609.9. Final inspection is required prior to the system being put into service. During
the period between installation of fixtures and occupancy, it is typical for the piping system to begin full service
as the construction crew uses water in various finish processes, including painting and site clean-up. The time
period between pipe installation and consumer exposure to drinking water typically exceeds 30 days.

Under real world conditions reflecting common construction practices and code requirements, PEX tubing is
installed in a home, office building, or hotel long before any person would drink water that has passed through the
PEX tubing. Because building codes require that new tubing be flushed prior to use, and because it is known that
leached contaminants decline rapidly over time, NSF/ ANSI Standard 61 evaluates whether a product would leach
a chemical at a level greater than the applicable drinking water standard after being exposed to water for 17 days
NSF International 2007). More details regarding the reasoning used to determine the regimen of water conditions
to which products are exposed is outlined in NSF’s Exposure Parameters Decision Document (NSF International
1987).

California Drinking Water Standards

Title 22 of the California Code of Regulations also contains California-specific standards for drinking water
quality. Using a process similar to that used under the federal Safe Drinking Water Act, California sets its own
PHGs and MCLs, which are at least as stringent as the federal standards. Section 116275 of defines primary
drinking water standards (i.e., MCLs) as the “maximum levels of contaminants that, in the judgment of the
department, may have an adverse effect on the health of persons.” California’s primary drinking water standard is
set through a two-step process: a risk assessment performed by OEHHA to develop a PHG, and a risk
management assessment performed by DPH to establish an MCL (DPH 2010).
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In the risk assessment portion, OEHHA evaluates the risk to public health posed by the contaminant, including all
categories of health risk, and, based on the results of the risk assessment, establishes a PHG. The PHG is the level
at which the contaminant will not pose a significant risk of either acute (sudden and severe) or chronic (prolonged
or repeated, and cancer or noncancer) effects to human health with an adequate margin of safety; in other words, a
PHG is the levels of a contaminant in drinking water that would pose no significant health risk to individuals
consuming the water once or on a daily basis over a lifetime (OEHHA 1999b). The exposure assumptions
represent the concentration of a contaminant in drinking water that would result in a “de minimis” level of cancer
risk if the water were consumed at a specific rate over a 70-year period. Thus, the concentration-based standards
are not a ceiling (Borak, pers. comm. 2010a). In other words, exposure at less than the minimum levels (i.e., less
than 70 years or less than 3L a day, or to water containing constituents at less than the standard concentration) is
insufficient to create a significant risk to public health (Borak, pers. comm. 2010a). In the case of methyl tertiary
butyl ether (MTBE), for example, the exposure thresholds set by the State of California of 13 ug/L for cancer risk,
and 47 ug/L for noncancer risk, are based on a drinking water rate of 3 liters per day (L/day) over a 70-year
lifetime (OEHHA 1999Db).

As adopted regulations by DPH, MCLs are intended to be met by all public water systems (DPH 2010). California
Code of Regulations Title 22 Section 64445 requires all public water systems to monitor each water source prior
to any treatment or at the entry points to its distribution system to test for all chemicals for which an MCL has
been established.

DPH also adopts what are known as secondary MCLs, sometimes referred to as secondary standards. Secondary
MCLs address taste and odor concerns. For example, the taste and odor standard for methy] tertiary-butyl ether
(MTBE) in drinking water, is 5 pg/L, or 5 parts per billion (ppb), below which odor or taste associated with this
compound is imperceptible by most members of the public (DPH 2007b).Though secondary MCLs are not
enforceable under federal law, they are enforceable in California at the request of an affected community.

California Health and Safety Code, Section 116275(d), describes the purpose of establishing a secondary MCL.
The statute states:

“Secondary drinking water standards may apply to any contaminant in drinking water that may
adversely affect the odor or appearance of the water and may cause a substantial number of
persons served by the public water system to discontinue its use, or that may otherwise adversely
affect the public welfare.”

Thus, secondary drinking water standards are aesthetic, and do not pertain to public health risks. In contrast,
“primary drinking water standards” are defined as a “maximum levels of contaminants that, in the judgment of the
department, may have an adverse effect on the health of persons” (Health and Safety Code, Section

116275[c][1]).

The monitoring requirements set forth by California Code of Regulations Title 22 Section 64444 and Section
64449 indicate how compliance with the primary and secondary MCLs is determined and, in particular, the length
of time a primary or secondary MCL is exceeded in order for it to be considered a violation. These two sections
require operators of community water systems to monitor their groundwater sources, approved surface water
sources, or distribution system entry points representative of the effluent of source treatment. Monitoring for
testing against the secondary MCLs is required to occur every three years. Section 64449 further explains that, if a
secondary MCL is exceeded, then the community water system shall perform monitoring on a quarterly basis to
determine compliance by a running annual average of four quarterly samples and defines a violation of a
secondary MCL to occur when the average of four consecutive quarterly samples exceeds the secondary MCL. In
other words, a monitoring sample that exceeds a primary MCL or secondary MCL at any single point in time, or
during the short term, does not constitute a violation of the respective standard. Violations occur when running or
annual averages of monitoring samples exceed the applicable standard.

The California Code of Regulations makes no mention of monitoring water at the tap for determining compliance
with the primary and secondary MCLs or the testing of the materials used in piping or components of drinking
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water systems (except for lead and copper). While the primary and secondary MCLs are not intended to be used to
evaluate plumbing products, they are a relevant reference for evaluating the health (primary MCLs) and aesthetic
(secondary MCLs) effects from drinking water.

4.4.2 EXISTING SETTING

As discussed above, in January 2009, the Building Standards Commission certified a Final EIR for this project
and regulations removing the prohibition against the use of PEX were adopted. In February 2009, a lawsuit was
filed challenging the adequacy of the January 2009 FEIR. The trial court rejected some of the challenges to the
2009 FEIR, and also found that the document did not contain substantial evidence to support certain findings that
are further analyzed in this SRDEIR. The trial court’s decision is presently on appeal, and as a result, the trial
court’s judgment is stayed, i.e., the regulations adopted in January 2009 remain in effect. Following the public
comment period on this SRDEIR, the Building Standards Commission and the responsible agencies will exercise
their discretion to determine the adequacy of this SRDEIR and subsequent actions with respect to the PEX
regulations. Although the PEX regulations remain in effect, the following discussion of the existing setting
assumes conditions in place prior to the January 2009 approval of the statewide PEX regulations, or any actions
by local agencies that may have occurred as a result of that action.

This section contains a brief overview of the current use of piping materials and the effects those materials may
have on water quality at the present time. As is described below, every type of piping currently available for use
raises certain environmental and public health concerns. Based on this setting, which is the baseline for purposes
of environmental impact assessment, this analysis assesses whether the projected increase in the use of PEX that
would likely result from approval of the proposed project would result in a significant and adverse impact on the
environment or on human health.

Current market share of PEX and other plumbing materials in California establishes the context for the existing
environmental setting related to water quality and the baseline against which potential water quality impacts of
the proposed project will be compared. As explained in Section 3.4.4, “Current and Projected Uses of PEX,” as of
2005 the market share for various plumbing materials in new homes in California was approximately 29% PEX,
13% chlorinated polyvinyl chloride (CPVC), 54% copper, and 4% for all other materials (California Department
of Housing and Community Development [HCD] 2006; Ash, pers. comm., 2008). The most current data for PEX
(2006) indicates that its share of the market for plumbing materials in new single family homes in California has
grown to approximately 37% (Ash, pers. comm., 2008). No data is available on market share for commercial and
industrial uses.

PEX

PEX was first developed in Europe and has since come into use around the world for a variety of applications.
PEX has a 30-year history of use in the European market. It was first introduced in North America in 1984 where
it has been used primarily for radiant floor heating and, more recently, for domestic water distribution systems. It
is approved for potable hot and cold water supply systems as well as hydronic heating systems in all model
plumbing and mechanical codes across the United States (National Association of Home Builders [NAHB]
Research Center 2006); Ash, pers. comm., 2009). PPFA estimates that 132 million feet of PEX were shipped to
California in 2005 (PPFA 2007). According to PPFA (Church, pers. comm., 2007), PEX has been used in potable
water applications in local jurisdictions throughout California including the Highland area, Santa Clarita,
Redding, Chula Vista, and Village of Lakes since the early to mid-1990s.

PEX is currently used in California for radiant heating systems, manufactured homes, certain approved
institutional uses, and for hot and cold water distribution, including potable water uses in approximately 230 local
jurisdictions, as discussed in Section 3.4.4, “Current and Projected Uses of PEX.” Those local jurisdictions make
up more than 40% of California cities and more than 50% of California counties. These uses currently account for
approximately 37% of the market for plumbing materials in new single-family homes in California.
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The various manufacturers of PEX use different, proprietary formulations that may consist of a variety of
chemical compounds. A literature search was performed to identify all possible chemical compounds that might
be contained in one or more PEX formulations. The results of this search are presented in Table 4.4-1. Table 4.4-1
also lists the NSF drinking water criteria for these compounds and California drinking water standards and
Proposition 65 listings, if applicable.

Some concerns that have been raised regarding PEX include its potential to leach some of the chemicals from
which it is made into the water passing through it and to be permeated by organic compounds, particularly
solvents that may be present in contaminated soils or groundwater.

COPPER

According to the Copper Development Association, Copper has been in use in plumbing for over 2000 years (it
has been found in serviceable condition in the ruins of ancient Egypt), though its widespread use in the United
States began in the 1920s (Copper Development Association 2008). As recently as 10 years ago, copper
accounted for 90% of all plumbing materials in existing homes throughout the United States. In 2004, copper
made up 62% of the market for plumbing materials in new homes in California. It likely accounts for a
significantly greater percentage in existing homes, though no current data are available for piping in existing
homes. Copper is an essential nutrient, but is also toxic at elevated doses, which can harm the environment and
human health (Risk Assessment Information System 2005). When it is newly installed before flushing, and again
over time, copper corrodes and is released into water that passes through it. The concentration of copper released
into the water is highly dependent on the corrosivity of the water flowing through the pipe, the duration of
standing water in the pipe, and the age of the pipe (Food and Drug Administration [FDA] 2003).

With the trend toward use of chloramines for disinfection and reverse osmosis for treatment, water in many parts
of the state is becoming increasingly corrosive. This has resulted in some water agencies failing to meet the
requirements of the copper and lead rule and some wastewater agencies exceeding the total maximum daily load
(TMDL) for copper in various water bodies throughout the state. A TMDL is a threshold that in California is
established by the regional water quality control boards. Specifically, a TMDL is a calculation of the maximum
amount of a pollutant that a water body can receive without impairing the beneficial uses of that particular water
body (e.g., drinking water, agricultural uses, swimming) and an allocation of that amount to the pollutant's
sources. The issue of corrosion and potential impacts on water quality is discussed in greater depth in Impact 4.4-
3 below.

CpPVC

For over 20 years California has approved the use of CPVC for street water mains and polyvinyl chloride (PVC)
for the service line from the street water main to the house. From 2001 until January 1, 2008, the California
Plumbing Code allowed the use of CPVC for residential potable water distribution if specific findings were made
and worker safety and flushing requirements were met. (HCD 2006.) Since January 1, 2008, the California
Plumbing Code has allowed the statewide use of CPVC for hot and cold water distribution, including potable
water uses. Concerns with CPVC include emissions of reactive organic gases and ozone precursors, from the
solvents used for installation of CPVC, in volumes that exceed local air district thresholds for reactive organic
gases and in areas that are in nonattainment for federal and state ozone regulations.

Hazardous Chemicals Contained in PEX Formulations

The various manufacturers of PEX use different, proprietary formulations that may consist of a variety of
chemical compounds. A literature search was performed to identify all possible chemical compounds that might
be contained in one or more PEX formulations. The results of this search are presented in Table 4.4-1. The first
set of compounds in Table 4.4-1 (compounds in polyethylene [PE], high-density polyethylene [HDPE], and PEX)
were identified by Tomboulian et al. (2004) who compiled a list of compounds found by NSF to leach from
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Table 4.4-1
Chemicals Possibly Present in PEX Tubing and Comparison between NSF Criteria and California Drinking Water Standards (in mg/L)

NSF Values (Standard 61)* California Standards

EPA/ NSF Peer-Reviewed|NSF Peer-Reviewed| NSF based on EPA Prop 65 Safe PHG? Primary MCL Secondary MCL Notification/

Chemical Health Canada ; TOE’ NSF International health " 7 Is°
MCL/MAC Agqua TAC STEL guidance Aqua TAQ Aqua TAC Harbor (health-based) (taste and odor) Response Levels

mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

TOE’ Listed in Prop. 657>

Chemicals in Polyethylene, HDPE or PEX®

acetophenone 0.2 1

2,4-bis(dimethylethyl)phenol

Benzene 0.005 X .0064 0.00015 0.001

benzothiazole X

bis-(dimethylethyl)benzene

bisphenol A 0.1

BHT (methyl di(t-butyl)phenol)

carbon disulfide 0.7 X 16/1.6

cyclohexadienedione

cyclo-hexanone 30 40

cyclopentanone X

diazadiketo-cyclotetradecane

dicyclopentylone

dimethylhexanediol X

di-t-butyl oxaspirodecadienedione

hydroxymethylethylphenyl ethanone

isobutylene X

methanol 20 20

methyl butenal X

methyl di-t-butyl hydroxyphenyl proprionate 0.02 0.1

methyl (di-t-butylhydroxy-phenyl) propionate

methylbutenol

nonylcyclopropane

Phenolics

phenylenebis-ethanone

propenyl-oxymethyl oxirane

tertiary butyl alcohol (TBA) 9 40 0.012/12°

Tetrahydrofuran 1

Trichloroethylene 0.005 X 0.0008 0.005

Polyurethane coatings and liners (h):

1,4-butanediol

4,4-methylenedianiline 0.001 X .0004

bis(2-ethylhexyl)phthalate 0.0006 X 0.012 0.004

bisphenol A diglycidyl ether 1 5

diphenyl(ethyl)phosphine oxide

di-t-butyl methoxyphenol

Ethylhexanol 0.05

tetramethyl peperidinone X

Additional Chemicals™:

methyl tertiary butyl ether (MTBE) 0.1° 0.013 0.013 0.005

Phthalates

carbon black

benzo(a)pyrene 0.0002 .00006 0.000004 0.002

Mercury 0.002 0.0012 0.002

el N

Cadmium 0.005 .0041 0.00004 0.005

PAHs

Additional Chemicals'":

4-butoxyphenol

5-methyl-2-hexanone (MIAK) 0.06 0.8

Additional Chemicals ":

Chloroform 0.08 X .02

Toluene 1 X 7 0.15 0.15

Notes: Shaded chemicals represent those for which NSF values are higher than California drinking water values.

ANS = American National Standard; aqua TAC = total allowable concentration; MAC = maximum acceptable concentration; MCL = maximum contaminant level; mg/L = milligrams per liter; NSF = NSF International, Inc.; PEX = cross-linked polyethylene; PHG = public health goal; STEL = short-term exposure limit; TOE = threshold of evaluation.

" NSF and ANSI, 2007: Drinking water systems components Health effects. NSF/ANSI Standard 61 - 2007.

2 OEHHA, 2007: Chemicals Known to the State to Cause Cancer or Reproductive Toxicity. Safe Drinking Water and Toxic Enforcement Act of 1986. [http://oehha.ca.gov/prop65/prop65_list/Newlist.html]

3 OEHHA, 2008: Public Health Goals for Water. [http://oehha.ca.gov/iwater/phg/allphgs.html]

“ DPH, 2008: Table 64444-A (available at http://www.cdph.ca.gov/certlic/drinkingwater/Documents/MTBE/MTBEregulation.pdf), Table 64431-A (available at http://geosolve-inc.com/Downloads/California_MCLs_in_Drinking_Water.pdf) and Table 64449-A (available at http://www.cdph.ca.gov/certlic/drinkingwater/Documents/Recentlyadoptedregulations/R-21-03-finalregtext.pdf). Title 22 California Code of Regulations

California Safe Drinking Water Act & Related Laws and Regulations. [http://www.cdph.ca.gov/certlic/drinkingwater/Pages/Lawbook.aspx].

° OEHHA, 1999: Water Notification Levels. [http://www.oehha.ca.gov/water/pals/index.html].

® NSF Comment Letter to DGS (Bestervelt, pers. comm., 2008).

7 Chemicals that did not meet the minimum data requirements to develop chemical specific concentrations were evaluated under the threshold of evaluation (TOE). As defined by Section A.7.1 of NSF Standard 61 (NSF International 2007), a risk assessment is not required for a substance if the normalized concentration is less than or equal to the following concentrations: 3 pg/L (micrograms per liter) (chronic
exposure, static normalization conditions), 0.3 pg/L (chronic exposure, flowing normalized conditions), and 10 pg/L (short-term exposure, initial laboratory concentration).

8 List of chemicals found by NSF to leach from system components (Tomboulian et al., 2004). Some of the chemicals reported by Tomboulian et al. 2004, however, may not be found in PEX; including butyl benzyl phthalate and toluene diamine are not found in PEX tubing (Bestervelt, pers. comm., 2008).

¢ California’s notification level for tertiary butyl alcohol is not based on a sufficient human health risk assessment (Bestervelt, pers. comm., 2008). See discussion under Impact 4.4-1, .

"% Various sources.

" Testing on PEX pipes conducted by Skjevrak et al. (2003).

"2 Detected chemicals during NSF testing of Wirsbo Aqua PEX testing, April 2000. Only those with at least one available NSF value or California standard are listed.

Source: Provided by ENSR in 2008.
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various water distribution system components. Tomboulian et al. (2004) also list compounds that have leached
from polyurethane coatings and liners. These compounds are considered relevant because polyurethane coatings
and liners are often used with PEX tubing. In addition to the compounds listed by Tomboulian et al. (2004),
additional potentially leachable compounds were compiled from other sources, including Skjevrak et al. (2003).

It has been determined that some of these compounds, including butyl benzyl phthalate and toluene diamine are
not found in PEX tubing (Bestervelt, pers. comm., 2008). Therefore, butyl benzyl phthalate and toluene diamine
are not considered further in this CEQA analysis.

Carbon black is also identified as a substance potentially present in PEX tubing, and is listed on the Proposition
65 list of “Chemicals Known to the State to Cause Cancer or Reproductive Toxicity.” However, carbon black’s
risks relate to inhalation of airborne, unbound particles of respirable size (CAS No. 1333-86-4). Carbon black is
not believed by NSF to be used in PEX tubing (McLellan, pers. comm., 2008¢). In addition, reports of its
potential use in some brands of PEX would not be a concern because the particles would be bound within the
matrix of the pipe, and exposure to airborne particles of carbon black would not occur. Therefore, the Proposition
65 listing for carbon black as airborne unbound particles of respirable size does not apply to PEX tubing
(Chaudhuri, pers. comm., 2008). Furthermore, because any carbon black that could potentially be contained in
PEX tubing is considered bound, any potential leaching of carbon black from PEX tubing is not a concern under
Proposition 65 (Luong, pers. comm., 2008). Therefore, carbon black is not considered further in this CEQA
analysis.

Table 4.4-1 also lists the NSF drinking water criteria for these compounds and California drinking water standards
and Proposition 65 listings, if applicable. The array of NSF drinking water criteria includes the total allowable
concentration (TAC), which is the maximum concentration of a nonregulated contaminant allowed in a public
drinking water supply. NSF criteria and/or California standards have not been established for many of the
compounds listed in Table 4.4-1.

ODORS

Odors are generally regarded as an annoyance rather than a health hazard. However, manifestations of a person’s
reaction to foul odors can range from psychological (e.g., irritation, anger, anxiety) to physiological
(e.g., circulatory and respiratory effects, nausea, vomiting, headache).

With respect to odors, the human nose is the sole sensing device. The ability to detect odors varies considerably
among the population and is quite subjective. Some individuals have the ability to smell very minute quantities of
specific substances; others may not have the same sensitivity but may have sensitivities to odors of other
substances. In addition, people may have different reactions to the same odor; in fact, an odor that is offensive to
one person (e.g., from a fast food restaurant) may be perfectly acceptable to another. Unfamiliar odors are more
easily detected than familiar odors and are more likely to cause complaints. This is because of the phenomenon
known as odor fatigue, in which a person can become desensitized to almost any odor and recognition occurs only
with an alteration in the intensity.

Quality and intensity are two properties present in any odor. The quality of an odor indicates the nature of the
smell experience. For instance, if a person describes an odor as flowery or sweet, then the person is describing the
quality of the odor. Intensity refers to the strength of the odor. For example, a person may use the word “strong”
to describe the intensity of an odor. Odor intensity depends on the odorant concentration in the air. When an
odorous sample is progressively diluted, the odorant concentration decreases. As this occurs, the intensity of the
odor weakens and eventually becomes so low that detection or recognition of the odor is quite difficult. At some
point during dilution, the concentration of the odorant reaches a detection threshold. An odorant concentration
below the detection threshold means that the concentration in the air is not detectable by the average human.

A water utility strives to provide drinking water free of objectionable tastes and odors, because users often judge
water quality by its aesthetic properties. In addition to background conditions present in source water (such as
mineral content), leaching of system materials (such as those used in water distribution systems; here, PEX

Adoption of PEX Regulations Second Revised Draft EIR Ascent Environmental
California Building Standards Commission 44-11 Water Quality



tubing) or the permeation of compounds from outside the system (e.g., from soil, water, or vapors) can affect the
taste and odor of water.

4.4.3 ENVIRONMENTAL IMPACTS

ANALYSIS METHODOLOGY

The analysis of impacts to water quality is based on the applicable laws and regulations identified in the
regulatory setting above, a review of all the possible hazardous chemical compounds contained in PEX, a review
of literature about relevant drinking water standards for chemicals known to leach from PEX, available health risk
assessments for chemicals known to leach from PEX, the expert opinion of toxicologists familiar with the health
effects of contaminants shown to leach from PEX, studies addressing potential permeability and leachability of
hazardous chemical compounds from PEX formulations, and surveys of building officials throughout California
regarding consumer and professional experience with PEX.

The analysis of chemical compounds that potentially leach from PEX products into drinking water considers the
results of both single time point and multiple time point exposure data from tests conducted by NSF in accordance
with NSF/ANSI Standard 61—Drinking Water System Components McLellan, pers. comm., 2008a; McLellan,
pers. comm., 2008c). First, the analysis identifies those chemical compounds for which California has established
health-based drinking water standards (i.e., PHGs or MCLs) that are lower (i.e., more stringent) than the standards
necessary to comply with NSF/ANSI Standard 61. Next, the analysis compares the single time point exposure
levels NSF has provided for these compounds and, if the single time point exposure levels do not exceed
applicable California’s drinking water standards, no additional analysis is necessary. If, however, the single time
point exposure level for any compound exceeds an applicable California-adopted PHG or MCL, then the multiple
point exposure levels are examined and/or standards used by other government agencies are considered.

The primary MCLs, which DPH established to apply to the water supplied to the public by community water
systems, are one of many considerations used to assess the potential for significant adverse health effects from
each contaminant. Other considerations include the best available scientific information about the magnitude and
duration of exposure to chemicals that leach from PEX and input from toxicologists with expertise with the
relevant contaminants.

For the analysis of cancer risk specifically, considerations include:
» the maximum total lifetime dose;

» the maximum allowable lifetime dose of MTBE that is protective of an incremental increase in cancer risk of
one in one million;

» the extent and duration of any exceedances of the TAC or primary MCL;
» concentration of MTBE; and

» rate of drinking water consumption at that concentration.

The evaluation of taste and odor impacts in drinking water is qualitative in nature but nonetheless takes into
account the secondary MCLs established by DPH, including the development, intent and application of secondary
MCLs; the extent and duration of potential exceedances; and the extent of any recorded complaints about taste
and odor from drinking water in communities that have been using PEX.

If any applicable secondary MCLs could be exceeded, the analysis considers the duration of such exceedances
(i.e., short- vs. long-term), the frequency of such occurrences, the likelihood that they would affect a substantial
number of people, and the likelihood to result in complaints.
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THRESHOLDS OF SIGNIFICANCE

The significance criteria below were developed for use in assessing potential impacts to water quality resulting
from implementation of the proposed project. The proposed project would result in a significant effect related to
water quality if it would:

» resultin a level of a contaminant in drinking water that would cause a substantial adverse effect on human
health; or

» would result in a level of a contaminant in drinking water that would exceed a federal or state secondary MCL
for taste and odor and cause a substantial number of persons to experience unpleasant taste or odors in
drinking water for an extended period of time.

IMPACT ANALYSIS

IMPACT  Water Quality—Human Health Impacts Resulting from Leaching of Chemicals from PEX Tubing. All
44-1 PEX tubing sold in California would comply with the health-based standards of NSF/ANSI Standard 61, which

are protective of cancer and noncancer (both chronic and acute) risk. Testing for MTBE demonstrates that
DPH's primary MCLs would not be exceeded for a length of time or to a degree sufficient to cause a
substantial adverse effect on human health. Multiple credible scientific sources cast doubt on the validity of
DPH's primary MCL for tertiary butyl alcohol (TBA), and thus, the more robust NSF-established health
standard for TBA is used for the purposes of this impact analysis, which shows no significant adverse effects
on human health from TBA. Therefore, leaching levels of chemicals from PEX tubing sold in California would
not result in significant effects on water quality. This impact would be less than significant.

This analysis begins with a discussion of how the health-protective standards in the NSF/ANSI Standard 61 and
California drinking water standards apply to PEX, followed by detailed discussion about the potential for PEX to
result in increased cancer as well as noncancer toxicity from long-term and short-term exposures to the
concentrations of hazardous chemicals known to leach from some PEX formulations into drinking water.

For some compounds that may be present in PEX products, California drinking water criteria are more stringent
than those used to certify products using the NSF/ANSI Standard 61. Therefore, it is possible that some
compounds could be present in water from NSF-certified PEX pipe that would exceed California drinking water
criteria. As discussed above these compounds include benzene, cadmium, carbon disulfide, 1,1-dichloroethane,
ethyl benzene, di(2-ethylhexyl) phthalate, benzo(a)pyrene, toluene, TBA, and MTBE. The various manufacturers
of PEX use different, proprietary formulations and these formulations may or may not contain one or more of
those chemicals for which the California primary or secondary MCL or the notification levels are more stringent
than the NSF standards (i.e., those chemicals shaded in Table 4.4-1).

NSF tested new samples of all 271 PEX products that were available between January 1, 2005 and December 31,
2007. All of these tests were performed on samples of new products (i.e., previously unused) and the single time
point exposure levels of each sample were measured after subjecting the products to a specific regimen of water
conditions. These procedures are referred to as single time point exposure protocols as presented in Section 4.5.6
of NSF/ANSI Standard 61 (McLellan, pers. comm., 2008a). This discussion refers to the extraction levels
measured during these tests as “single time point” exposure levels because the chemical concentrations were
measured at a single point in time during the same early age of the product sample’s in-service life.

The single time point exposure level tests conducted by NSF found that DPH’s drinking water standards for
benzene, cadmium, carbon disulfide, 1,1-dichloroethane, ethyl benzene, di(2-ethylhexyl) phthalate,
benzo(a)pyrene, and toluene were not exceeded in any of the PEX products tested. The single time point exposure
levels measured for TBA and MTBE, however, were found to exceed California MCLs or notification levels in
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some of the PEX products tested (McLellan, pers. comm., 2008a). Each of these two compounds is discussed in
greater detail below.

Tertiary Butyl Alcohol

There is substantial scientific evidence that the California notification level of 12 pg/L for TBA is not appropriate,
and that calls into question its applicability to human health risk assessment. This evidence casts doubt on using
the notification level as a threshold of significance. The Director of Toxicology at NSF has opined that the
notification level is inappropriate as a threshold of significance for several reasons. Foremost, the notification
level is not based on a sufficient human health risk assessment (Bestervelt, pers. comm., 2008). An evaluation by
the California Office of Environmental Health Hazard Assessment (OEHHA) of risk assessment for TBA
indicates that the process for derivation of the 12 pg/L notification level in 1999 was noted as an “interim
assessment with preliminary calculations, and by no means represents a full risk assessment” and was “based on
limited data” (OEHHA 1999c). The limit-setting process of the TBA risk assessment used methods that have
since been determined to not be relevant to human health, a conclusion supported by EPA (EPA 1998 as cited in
Bestervelt, pers. comm., 2008). Furthermore, by definition, notification levels are “...nonregulatory, health-based
advisory levels...for which maximum contaminant levels have not been established” (California Health and
Safety Code Section 116455[c][3]).

NSF conducted a chemical-specific human health risk assessment of TBA that provided a toxicological
assessment of TBA in drinking water using risk assessment methodology developed by EPA and identified the
TAC for TBA to be 9,000 ng/L, and the short-term exposure limit (STEL) to be 40,000 pg/L, as shown in Table
4.4-1 above (NSF International 2003). NSF/ANSI Standard 61 defines the short-term exposure period as the first
14 days of the in-service life of a product (NSF International 2007). Because NSF’s reference criteria for TBA
have withstood thorough peer review, they are used in this analysis to determine whether the extraction levels of
TBA from PEX piping would result in a level of TBA in drinking water that would cause a substantial impact on
human health. The results of NSF’s testing indicate that none of the 271 PEX products were found to exceed the
TAC 0f 900 pg/L for TBA (McLellan, pers. comm., 2008a). Therefore, the levels of TBA that leach from PEX
products are not considered to cause or contribute to a substantial impact on human health.

Methyl Tertiary-Butyl Ether

NSF/ANSI Standard 61 applies a standard of 100 pg/L (or 100 ppb) as a threshold below which concentrations of
MTBE that leach from products that contact drinking water are determined not to result in adverse human health
effects (NSF International 2008, while the primary MCL established by DPH for MTBE is 13ug/L (13 ppb) (DPH
2007b).

Both NSF standard and the OEHHA primary MCL for MTBE are developed using standard risk equations that
include chemical-specific toxicity values such as cancer slope factors and reference doses which are designed to
be protective of sensitive individuals such as children and the elderly. In NSF’s risk assessment for MTBE
(provided in Appendix B), the extensive literature review identified no data indicating that infants or children are
uniquely susceptible to MTBE and, therefore, no additional adjustment factors were applied (McLellan 2009).
The main difference between the standard used by NSF and the primary MCL established by DPH for MTBE is
that the NSF standard is protective of an incremental increase of cancer of one in one hundred thousand and the
primary MCL is protective of an incremental increase of cancer of one in one million. EPA considers a target risk
range of one in one million to 100 in one million to be safe and protective of public health (EPA 1991a, as cited in
NSF International 2008). MTBE extraction levels collected from both of single time point testing and multiple
time point testing, including comparison to the primary MCL of 13ug/L established by DPH, are discussed
separately below. The protocol for single time point testing and multiple time point testing are part of NSF/ANSI
Standard 61.
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Single Time Point Extraction Levels

Table 4.4-2 depicts the single time point exposure levels of MTBE as a percentage of all PEX products tested
between January 1, 2005 and December 31, 2007.

Table 4.4-2
Single Time Point Extraction Levels of MTBE as a Percentage of All Products Tested
Compound Not Detected at 5to 13 ug/L 13t0 20 pg/L Greater than 20
5ug/L Mg/l
methyl tertiary-butyl ether (MTBE) 74.6% 21.4% 4% 0%

Notes: pg/L = micrograms per Liter

TAll testing was performed between January 1, 2005 and December 31, 2007. Results show a breakdown of PEX product samples
according to their single time point extraction levels of MTBE.

Source: Single time point exposure results of NSF/ANSI Standard 61 testing, as presented in Table 2 of McLellan, pers. comm. 2008a. .

As shown in Table 4.4-2, 4% of the tested product samples leached initial concentrations of MTBE that exceed
DPH’s (health-based) primary MCL of 13ug/L. As described above, all the leached concentrations were measured
by NSF on product samples that were new (i.e., previously unused) and, pursuant to the single time point protocol
of NSF/ANSI 61, each sample was collected after product samples were subject to a specific regimen of water
conditions and at the same early age of the product sample’s in-service life (McLellan, pers. comm., 2008a).

Multiple Time Point Extraction Levels

Section 4.5.4.3 of NSF/ANSI Standard 61 specifically states that “when the normalized concentration of a
contaminant exceeds, or is expected to exceed, its acceptable level when evaluated as a single time point
exposure, determination of the contaminant leaching rate using a multiple time point exposure shall be
considered” (NSF International 2007). Because single time point exposure testing showed that some samples of
PEX exceed DPH’s (health-based) primary MCL of 13ug/L for MTBE, multiple time point testing (also referred
to as over-time testing) was conducted to determine the long-term extraction of MTBE (McLellan, pers. comm.,
2008d). NSF conducted multiple point time testing of those particular formulations of PEX “with the greatest
potential to extract MTBE based on their formulations and their high [single time point] extraction levels of TBA
and MTBE” (McLellan, pers. comm., 2008f). Thus, ten samples of PEX from different PEX manufacturers were
subject to multiple time point testing; those samples represented all the PEX formulations that could extract
MTBE (McLellan, pers. comm., 2008f).

All 10 PEX samples were subjected for 16 days to a regimen of water conditions that mimic the flushing
requirements of the California Plumbing Code (discussed in Section 4.4.1, “Regulatory Setting,” above) and
result in water conditions similar to which first time consumers would be exposed. After the regimen of water
conditions, water was tested on 10 separate test days over a 90-day period. The test results are summarized in
Table 4.4-3. More details about the testing parameters and results are provided in Appendix E.

As shown in Table 4.4-3, the test results show that the concentrations of MTBE for each PEX sample decline over
time, and MTBE extraction levels from all the PEX samples were below 13 pg/L (or 13 ppb) by day 90
(McLellan, pers. comm., 2008d). The specific rate at which MTBE extraction levels diminish with time from each
of the PEX samples is also provided by NSF (See the plot graphs in Appendix A of McLellan, pers. comm.,
2008d, which is provided in Appendix E of this document). These graphs show that the MTBE concentrations
were less than 13 pg/L on day one of the tests for six of the 10 samples subjected to multiple time point testing,
the MTBE concentrations from two other samples fell below 13 pg/L by the tenth day of testing, and the
remaining two samples fall below 13 pg/L by day 90. Therefore, even the formulations of PEX that have the
highest initial extraction levels comply with both NSF’s standard of 100 pg/L and California’s PHG and primary
MCL of 13pg/L for MTBE within 90 days of initial use, with the majority complying on day 1.
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Table 4.4-3
MTBE Extraction Levels from PEX Piping After 90 Days of Use

1

Sample MTBE Concentration (ug/L [ppb])

54

7.3

ND (0.3)

ND (0.3)

8.8

11

0.47

ND (0.3)

ND (0.3)

==L BN N IV RN (RIS

ND (0.3)

Notes: pug/L = micrograms per Liter

ppb = parts per billion

ND = Non-Detectable

! Multiple time point testing was performed by NSF on those formulations of PEX most likely to leach high concentrations of MTBE. These 10
samples are representative of the 4% of PEX products that were identified in single time point testing, shown in Table 4.4-2.

Source: Single time point exposure results of NSF/ANSI Standard 61 testing, as presented in Table 1 of (McLellan, pers. comm., 2008d).

HEALTH RISK

The potential for PEX to expose people to significant adverse health risk is analyzed using the information and
test results discussed above. Each category of risk is discussed separately below.

Cancer Risk

Both NSF and OEHHA have identified MTBE to be a potential human carcinogen and developed concentration-
based standards protective of cancer risk from the oral ingestion of MTBE in drinking water (NSF International
2008; OEHHA 1999). A number of concepts are important to the understanding of how cancer risk is assessed.
First, NSF and OEHHA developed their respective standards based on a review of laboratory studies that
investigate the dose-response relationship of MTBE. The dose-response relationship (or dose-response model) is a
mathematical function that predicts a measure of an effect, commonly referred to as the “response”, to a change in
dose (EPA 2008). Dose is a function of multiple variables, including the concentration of a substance to which a
population is exposed (typically measured in ppm or mg/L for drinking water), the rate of consumption (typically
expressed in L/day for drinking water), and the duration of exposure (e.g., the number of days) (EPA 1992). Dose
is positively correlated with time, meaning that a longer exposure period results in a higher exposure level for the
exposed person or persons. Thus, higher levels of risk are estimated for people if a fixed consumption rate and
concentration occur over a longer period of time.

Cancer risk is expressed in terms of the probability of an exposed population experiencing an incremental increase
in incidences of cancer. Cancer risk is often expressed as the maximum number of additional cancer cases that
would occur assuming daily exposure over the 70-year lifetime of one million exposed individuals (“X in a
million””) (OEHHA 2001; EPA 1997a; McLellan, pers. comm. 2010b). In order to be protective, when the toxicity
of any carcinogenic chemical is assessed it is assumed that there is no theoretical level of exposure for such a
chemical that does not pose a small but finite increased probability of generating a carcinogenic response (EPA
2010; OEHHA 2001; McLellan, pers. comm. 2010b). Thus, an individual’s actual risk of contracting cancer from
exposure to a chemical is often less than the theoretical risk. While it would be ideal to completely eliminate all
exposure to carcinogens, government agencies recognize that it is usually not possible or feasible to eliminate all
traces of a chemical. The goal of most regulatory agencies is to reduce the health risks associated with exposure to
hazardous pollutants to a negligibly low level (OEHHA 2001).
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As stated in the regulatory setting, each PHG established by DPH, including the PHG/MCL for MTBE, and NSF's
TAC, represent the level of a contaminant in drinking water that would pose no significant health risk to
individuals consuming water with that concentration of contaminant on a daily basis over a lifetime (italics added
for emphasis) (OEHHA 1999). Thus, DPH’s primary concern is about the cancer risk associated with long-term
exposure of people to levels of MTBE that exceed 13 ug/L rather than short-term exposure. (See, e.g., California
Code of Regulations, Section 64468.2(1) stating that a “chemical has been shown to cause cancer in laboratory
animals such as rats and mice when the animals are exposed at high levels over their lifetimes” and that
“chemicals that cause cancer in laboratory animals also may increase the risk of cancer in humans who are
exposed over long periods of time.”) The relevant consideration in assessing the potential for a chemical to result
in an unacceptable risk of cancer is whether people will be exposed to levels of that chemical exceeding the
health-protective exposure standard, which could not occur unless a person consumed enough drinking water (i.e.,
2 or 3L a day) with contaminant levels exceeding the standard for a period of 70 years. Any exposure less than
this level would not result in an unacceptable increase in cancer risk.

Based on the over-time test results (see Table 4.4-3, above), exposure to levels of MTBE that exceed the threshold
dose would not occur. MTBE extraction levels in all samples were lower than 13 pg/L by day 90; it is evident
that no sample would exceed 13 mg/L for a lifetime.

In any case, where the biological response to cancer effects is described in terms of lifetime probabilities, even
though exposure may not occur over the entire lifetime, doses are often presented as lifetime average daily doses
(LADDs) and typically expressed in mg/day (ppm) or pug/day (ppb) or the total lifetime dose (EPA 1997a;
OEHHA 2003). The total lifetime dose refers to the total mass of a chemical to which an individual is exposed
over his/her lifetime and it is typically calculated assuming a 70-year lifetime. The lifetime dose is typically
expressed in mg/life or pg/life.

For purposes of illustration, the lifetime average daily dose of MTBE determined by DPH to be protective would
be the concentration-based standard of 13 pg/L, multiplied by the drinking water rate of 3 L/day, or 39 pg/day.
This average dose is protective of an incremental increase in cancer risk of one in one million (10°°). This
computation is presented on page F-2 of Appendix F.

Because the concentrations of MTBE that leach from PEX products diminish over time, this analysis examines
whether the total lifetime dose of MTBE that leaches from PEX products (a mass quantity) would exceed the
maximum allowable lifetime dose that would result in level of increased cancer risk of one in one million (10°°),
(also a mass quantity). The maximum allowable lifetime dose associated with the incremental increase in risk of
one in one million is the product of the lifetime average daily dose of 39 pg/day and 70 years of exposure for 365
days per year, which is equal to a mass of 996,450 nug over the course of an individual’s lifetime. This is the key
metric for evaluating the lifetime dose of MTBE leached from PEX pipe. Details of this calculation are included
on page F-3 of Appendix F.

Based on the results of the multiple time point testing provided by NSF (McLellan, pers. comm., 2008d), the
lifetime dose of MTBE that leaches from PEX was estimated to be 286,751 ug over the course of an individual’s
lifetime. The calculations used to estimate the lifetime dose of MTBE from PEX are provided on pages F-4
through F-8 of Appendix F. The methods used to estimate the lifetime dose of MTBE from PEX were
conservative in a number of ways. First, among the 10 formulations of PEX subjected to multiple time point
testing—and these 10 samples are representative of those PEX products most likely to leach higher concentrations
of MTBE—the maximum lifetime dose of MTBE from PEX was calculated using the formulation of PEX that
leached the highest concentrations of MTBE during the multiple time point testing (i.e., Sample 6, as presented in
McLellan, pers. comm., 2008d). Sample 6 leached the highest concentrations of MTBE on both day 1 and day
107 of the multiple time point testing.

Because PEX formulations contain a limited quantity of MTBE it is reasonable to assume that concentrations of
MTBE that leach from PEX piping continue to diminish with time beyond the 107-day test period and it is
reasonable to use the natural decay function to estimate the rate in which concentrations diminish (Borak, pers.
comm. 2010b). Thus, the natural decay function was applied to extrapolate the concentration of MTBE that would
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leach from Sample 6 on day 180 using the lowest decay rate calculated among the ten decay rates observed for the
10 tested samples. Further, it was conservatively assumed that the concentration would not diminish beyond the
180™ day. Detailed calculations are presented on pages F-4 and F-5 of Appendix F.

Finally, using the very conservative assumptions outlined above, the maximum lifetime dose of MTBE that an
individual could consume from water that has been in contact with PEX was estimated to be 286,751 pg, which is
less than the total maximum allowable lifetime dose of 996,450 pg that is associated with an incremental increase
in cancer risk of one in one million (10°®). In other words, the maximum incremental increase in cancer risk from
a lifetime exposure to drinking water from systems that use PEX is 0.29 in one million. This is not a substantial
level of cancer risk (Borak, pers. comm. 2010a).

It is theoretically possible that construction workers who install PEX piping or are regularly around PEX pipe
installations could drink water that contains concentrations of MTBE that exceed 13 ug/L on a daily basis;
however, this is highly unlikely to occur for a number of reasons. First, PEX comprises approximately one third
of the market for plumbing materials and only a small percentage of PEX formulations leach initial concentrations
of MTBE that exceed 13 pg/L (4% of PEX formulations according to the results of single time point testing
presented in Table 4.4-2). Thus, it is unlikely that a worker would be installing only the highest-leaching
formulations of PEX on a regular basis. Second, it is reasonable to assume that workers who install PEX are
familiar with and understand all applicable CPC requirements, including the flushing requirements for PEX
installations. For these reasons, it is reasonable to assume that no worker would consume substantial volumes of
water from newly installed PEX of the type leaching the highest levels of MTBE on a daily basis at the exposure
levels necessary to produce adverse effects.

In summary, the results of the single time point testing and multiple time point testing of PEX show that the
concentrations of leached chemicals from PEX tubing would not exceed any applicable NSF standards or
California PHGs/MCL to a degree, or for a period of time, that would cause any significant risk of cancer in
persons drinking water that has passed through PEX. Furthermore, detailed calculations, based on multiple
conservative assumptions, used to analyze the highest-leaching PEX product indicate that the maximum total
lifetime dose of MTBE that an individual could consume by drinking water from systems that use PEX would
have an associated incremental increase in cancer risk of less than one in one million (10°®). Thus, while a small
percentage of PEX products would leach MTBE at levels that exceed the California MCL within the first 90 days
of their in-service life, this level is insignificant in light of the relevant toxicological health risk considerations and
would not have the potential to cause substantial adverse effects to human health.

Noncancer Toxicity

As stated in the regulatory setting, the drinking water standards used in NSF/ANSI Standard 61, as well as the
PHGs established by California, are protective of all categories of health risk, including noncancer toxicity from
long-term exposure. Upon considering all available studies, the adverse effect that occurs at the lowest dose is
selected as the critical effect for risk assessment. Because it is impractical to study all possible relationships for all
possible health responses to a chemical, toxicity research typically focuses on testing for a limited number of
adverse effects that are of greatest risk. The underlying assumption is that if the most critical risk is prevented
from occurring, then no other effects of concern will occur (EPA 2010). Thus, no PEX formulation that is
certified according to NSF/ANSI Standard 61 would leach concentrations of hazardous chemicals that would
subject persons to noncancer chronic toxicity for oral ingestion of drinking water that has come into contact with
PEX.

With regard to MTBE, the level of cancer risk from oral ingestion is greater than any other type of risk, including
noncancer chronic risk. As a result, both the California PHG/MCL and NSF TAC were set based on the level
necessary to protect against cancer risk, which is a lower concentration than the concentrations necessary to be
protective of other risks. Thus the adopted levels of 13 pg/L and 100 pg/L, respectively, both are protective of all
categories of risk, including cancer and noncancer risk (OEHHA 1999b; NSF International 2008).
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This point is demonstrated by the fact that both NSF and OEHHA identified reference concentrations for MTBE
that are protective of noncancer toxicity that are greater than the TAC and PHG they respectively established to be
protective of cancer risk. A reference concentration is an estimate of a continuous exposure (in this case, via oral
ingestion) to the human population that is likely to be without an appreciable risk of deleterious noncancer effects
during a lifetime. The MTBE concentrations that NSF and OEHHA identified as being protective of noncancer
toxicity are analyzed further below.

NSF identified a reference concentration of 100 pg/kg-day (and an associated TAC of 700 ug/L) to be protective
of noncancer toxicity in its April 2010 Addendum to Draft Methyl tertiary-Butyl Ether Oral Risk Assessment
Document (Addendum) (NSF International 2010), which is provided in Appendix C. The critical effect used by
NSF to support this finding was the liver effects associated with oral ingestion of MTBE by rats, an effect
identified in a study by Robinson et al. (1990). OEHHA’s risk assessment for MTBE, which is included in
Appendix D, also considered the study in rats by Robinson et al. (1990) (OEHHA 1999b); however, the reference
concentration identified by OEHHA as being protective of noncancer toxicity, 47 ug/L (ppb), is based on effects
to the kidneys of male rats, which was another effect identified in Robinson et al. (1990). However, subsequent
studies have demonstrated that any adverse kidney effects indicated by the Robinson study were due to a gender-
and species-specific effect that is unique to male rats and not applicable to humans. There is no evidence to
support a finding that MTBE is likely to result in adverse effects to kidneys in humans (Johnson, Findlay, and
Boyne 1992; Klan et al. 1993; Borak, pers. comm. 2010a). Thus, this analysis considers the TAC NSF identified
for MTBE as being protective of noncancer toxicity, 700 pg/L, to be more robust and accurate.

Lastly, the concentration of MTBE identified by NSF as bring protective of noncancer toxicity, 700 ug/L, is based
on an assumed drinking water consumption rate of 2 L/day for a duration of 70 years. The results of the single
time point testing of MTBE, as shown in Table 4.4-2 above, indicate that none of PEX formulations would leach
concentrations of MTBE that exceed NSF’s reference concentration of 700 pg/L. Therefore, concentrations of
MTBE that leach from PEX would not be sufficient to result in noncancer toxicity.

In summary, the results of the single time point testing of PEX show that the concentrations of leached chemicals
from PEX tubing would not exceed any applicable NSF standards or the concentrations identified for MTBE by
NSF (and OEHHA) as protective of noncancer toxicity. The results of the multiple time point testing show that
the concentrations of leached MTBE from PEX would not exceed NSF’s TAC (or DPH’s less MCL, which is less
robust given the subsequent finds from peer review) to a degree, or for a period of time, that would cause any
significant level of noncancer chronic risk in persons drinking water that has passed through PEX. While a small
percentage of PEX products would leach MTBE at levels that exceed the California MCL for a short-term period,
this level of exceedance is insignificant in light of the relevant toxicological health risk considerations and would
not constitute a lifetime dose that would have the potential to cause substantial adverse effects to human health.

Toxicity from Short-Term Exposure

For some chemicals, even if the average exposure concentration of a chemical is less than the applicable standards
established for the protection of long-term effects (cancer and noncancer), some acute toxic effects could occur
from single or limited number of exposures to “peak” concentrations. This is why any short-term exposure level
(STEL) established for a chemical is always greater than or equal to the TAC established for a chemical (NSF
International 2008). NSF/ANSI Standard 61 defines the short-term exposure period as the first 14 days of the in-
service life of a product (NSF International 2007). For MTBE, NSF has not established a STEL; thus, all
concentrations that are below the TAC, which is protective of risk from long-term exposure, also are protective of
acute risk from short-term exposure (McLellan 2009). In addition to the TAC of 100 png/L, NSF has also
established a NOAEL for MTBE of 300 mg/kg-day, which, by definition, is the level at which there is no
observed adverse effect (NSF International 2008).

The primary MCL established by OEHHA 1is similar in this respect. As stated in the regulatory setting, the PHG is
the level at which the contaminant will not pose a significant risk of either acute (sudden and severe) or chronic
(prolonged or repeated) effects to human health. Thus, both the OEHHA -established PHG and the drinking water
standards used in the NSF/ANSI Standard 61 are protective of all three categories of health risk, including acute
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risk from short-term exposure. Therefore, no PEX formulation that is certified according to ANS/ANSI Standard
61 would leach concentrations of hazardous chemicals that would subject a person drinking the water to acute
risk.

For MTBE, however, the California PHG of 13 pg/L is more stringent than the NSF standard of 100 pg/L and, as
shown in Table 4.4-2 above, testing conducted according to the protocol of NSF/ANSI Standard 61 indicates that
concentrations of MTBE greater than 13pg/L can leach from approximately 4% of PEX formulations in the short-
term (i.e., within 90 days of installation of new PEX pipe [i.e., the in-service life of the product]). The report
prepared by OEHHA that established the PHG for MTBE provides additional insight regarding why the level of
13pg/L level was established (OEHHA 1999). In its report, OEHHA includes the following discussion about the
acute health effects from exposure to MTBE:

“Acute health effects are not expected to result from typical exposure to MTBE in drinking water. This
includes household airborne exposures from showering, flushing toilets, etc. Reports of health complaints
of various nonspecific symptoms (e.g., headache, nausea, and cough) associated with exposure to gasoline
containing MTBE have not been confirmed in controlled studies and remain to be fully evaluated.”

Based on OEHHA's discussion it can be resolved that acute toxicity is not the critical risk type (or driving factor)
used by OEHHA to develop the PHG of 13pg/L; instead cancer risk was considered to be the type of risk of
greatest concern and, like all risk standards developed to be protective of cancer risk, this standard is not to be
exceeded over the lifetime of an exposed individual rather than any shorter-term period such as the first 14 days
of the in-service life of a product, which is the way the NSF/ANSI Standard 61 defines the short-term exposure
period of product (NSF International 2007).

Thus, this analysis does not use the PHG of 13ug/L to determine whether short-term exposure to leached
concentrations of MTBE from PEX piping would cause a substantial impact on human health. Because OEHHA
has not identified a STEL for oral ingestion of MTBE, the assessment of acute toxicity in analysis relies on other,
applicable levels, which are discussed below.

Quantitative criteria for evaluating the risk of acute toxicity associated with short-term exposure to MTBE
via oral ingestion, such as STELSs, have not been established by EPA, DPH, or ARB. EPA’s chemical
summary for MTBE states that “animal lethality data indicate that MTBE is low in acute toxicity” (EPA
1994). ATSDR, however, has developed minimal risk levels (MRLs) for acute and intermediate exposure to
MTBE via oral ingestion. The ATSDR-established MRLs for acute and intermediate exposure to MTBE
from oral ingestion are 400 ng/kg-day and 300 pg/kg-day, respectively (ATSDR 2009b). Incorporated into
these MRLs is an uncertainty factor of 10 because they are based on animal studies rather than human studies
and a second factor of 10 to account for human variability (Chou, pers. comm., 2010). As stated in the
regulatory setting above, these and other MRLs developed by ATSDR are intended to serve as screening
levels because they are intended to help public health professionals decide where to look more closely
(ATSDR 20094a).

As shown in Table 4.4-2, neither MRL established by ATSDR is exceeded for any PEX formulation or product.
Applying the assumption that a person consumes drinking water at a rate of 3 L/day, which is the consumption
rate OEHHA uses for assessing long-term risk exposure, and the concentration of MTBE in that drinking water is
20 pg/L, which is the upper range of MTBE concentrations measured from PEX formulations (see Table 4.4-2),
then the maximum credible exposure of a person drinking water from PEX piping would be 60 ug/day (i.e., 3
L/day times 20 ug/L). This consumption level is well below both of ATSDR’s MRLs. Moreover, ATSDR-
established MRLs are metrics that are normalized to a person’s bodyweight (i.e., per kilogram), and it can be
safely assumed that individuals weigh more than 1 kg. For example, based on the ATSDR-established MRL, a 70
kg adult could orally ingest MTBE at a rate up to 28,000 pg/day before experiencing a short-term adverse acute
affect and up to 21,000 pg/day before experiencing an intermediate adverse acute affect. Also based on the
ATSDR-established MRL, a 10 kg child could orally ingest MTBE at a rate up to 4,000 ug/day before
experiencing a short-term adverse acute affect and at a rate up to 3,000 pg/day before experiencing an
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intermediate adverse acute affect. This would also be the case if these comparisons were made using the
NOAEL of 40,000 ug/kg-day stated in OEHHAs oral risk assessment (See OEHHA 1999b), because this value
is higher than ATSDR-established MRLs.

In conclusion, PEX tubing that is certified according to NSF/ANSI Standard 61 is compliant with the NSF
drinking water standards, which are protective of acute toxicity. Moreover, application of standards with metrics
that normalize to a person’s bodyweight—including the NOAEL established by OEHHA, the NOAEL established
by NSF and the MRLs from ATSDR— shows that neither (heavier) adults nor (lighter) children would consume
drinking water at a rate that would exceed the mass of MTBE that their bodies could tolerate without experiencing
adverse acute affects. For these reasons, the consumption of drinking water from systems that use PEX tubing
would not cause a substantial adverse acute affect on human health.

GENOTOXICITY, MUTAGENICITY, AND OTHER CATEGORIES OF RISK

During the administrative proceedings for the Recirculated DEIR, a commenter asserted that short-term
exposure to elevated levels of MTBE in drinking water from PEX pose a health concern because "MTBE is a
genotoxic carcinogen" (CSPTC 2008). Genotoxicity or genetic toxicity refers to the degree to which a
substance causes damage to or mutation of DNA. Genotoxic substances are known to be potentially
mutagenic or carcinogenic, specifically those capable of causing genetic mutation and of contributing to the
development of tumors. Contrary to the commenter's assertion, there is no evidence that MTBE is genotoxic in
humans.

Where relevant, the drinking water standards incorporated in NSF/ANSI Standard 61 account for potential
genotoxic risk (NSF International 2007; NSF International 2008; McLellan, pers. comm., 2008b). With regard to
MTBE specifically, when establishing a TAC of 100 ppb NSF’s oral risk assessment considered all available
studies related to oral ingestion of MTBE, including the chemical’s potential to result in genotoxic effects (NSF
International 2008, See specifically Section 8.5, Studies of Genotoxicity and Related Endpoints; Section 9.1, Risk
Characterization; and Section 9.1.2, Weight of Evidence Evaluation and Cancer Characterization). Despite NSF's
statement that MTBE has "some genotoxic potential," the animal studies cited in the risk assessment presented no
evidence that would support a finding that exposure to MTBE in drinking water at the levels and for the duration
found to be leached by PEX would create any significant risk of genotoxic effects in humans. In a number of
instances initial results suggestive of genotoxicity were not confirmed or replicated in subsequent tests, or were
attributed to the effects of formaldehyde, or were based on doses substantially higher than any realistic exposure
to MTBE in drinking water leached from PEX tubing. Based on these studies of MTBE’s genotoxicity, NSF did
not identify MTBE as presenting a significant genotoxic risk to human health. This is consistent with the findings
of the PHG established by OEHHA, which concluded that "MTBE genotoxicity data is weak" and "there is no
clear evidence" of genotoxicity from MTBE (OEHHA 1999b). Therefore, the drinking water standards used in
NSF/ANSI Standard 61 and the MCL adopted by DPH, which are protective of both risks from both long-term
and acute exposures, are considered to have adequately evaluated the risk of genotoxicity associated with MTBE,
and there is no evidence to support a determination that exposure to MTBE in drinking water at the levels and for
the duration found to be leached by PEX would create any significant risk of genotoxic effects in humans.

Mutagenicity refers to the capacity of a chemical or physical agent to cause permanent genetic alterations. A
mutagen is a substance or agent that induces heritable change in cells or organisms as compared to a carcinogen,
which is a substance that induces unregulated growth processes in cells or tissues of multicellular animals, leading
to cancer. Some chemicals are both carcinogens and mutagens. EPA’s Supplemental Guidance for Assessing
Susceptibility from Early-Life Exposure to Carcinogens addresses a number of issues pertaining to cancer risks
associated with early-life exposures and provides specific guidance on potency adjustment only for
carcinogens acting through a mutagenic mode of action (EPA 2005). This guidance includes various age-
related adjustment factors, for addressing cancer risk to children from early-life exposure to chemicals with a
mutagenic mode of action. However, the supplemental guidance states that the adjustment factors are meant to
be used only when no chemical-specific data are available to assess directly cancer susceptibility from early-
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life exposure to a carcinogen acting through a mutagenic mode of action and, furthermore, MTBE is not one
of the many chemicals identified to have a mutagenic mode of action in the supplemental guidance.

In addition, the literature review of laboratory studies regarding the mutagenicity of MTBE in NSF’s oral risk
assessment did not include conclusive evidence that MTBE has a mutagenic mode of action (NSF International
2008). More generally, NSF’s oral risk assessment found that there were no data that indicated infants or
children as a uniquely susceptible to MTBE (McLellan 2009). Therefore, the special provisions outlined in EPA’s
supplemental guidance, including the age-related adjustment factors, were not applied when NSF developed its
health protective standard of 100 pug/L. Similarly, the OEHHA’s health hazard assessment of MTBE did not find
conclusive evidence that MTBE is a mutagen (OEHHA 1999a) and this is why age-related adjustment factors
were not applied in DPH’s development of the primary MCL of 13 pg/L.

The drinking water standards used in NSF/ANSI Standard 61 and the primary MCL adopted by DPH also account
for assays that have been performed for many other types of toxicity, including subchronic toxicity,
immunotoxicity, neurotoxicity, developmental toxicity, and reproductive toxicity (NSF International 2007,
OEHHA 1999). Similarly, the drinking water standards used in NSF/ANSI Standard 61 and all the California-
adopted standards are considered to be protective of risk from these types of toxicities as well.

In summary, the results of the single time point testing and multiple time point testing of PEX show that the
concentrations of leached chemicals from PEX tubing would not exceed any applicable NSF standards or DPH’s
primary MCL to a degree, or for a period of time, that would cause any significant genotoxic, mutagenic, or other
type of risk in persons drinking water that has passed through PEX. While a small percentage of PEX products
would leach MTBE at levels that exceed the California primary MCL, they would not exceed it for a period of
time sufficient to cause substantial adverse effects to human health.

SUMMARY

All formulations of PEX tubing sold in California are required to be certified according to NSF/ANSI Standard
61, which contains requirements that are designed to be protective against significant adverse human health
effects— including cancer, chronic, and acute affects, as well as genotoxicity—from products that contact
drinking water (NSF International 2007. DPH’s primary MCLs for some compounds are more stringent than
those used in NSF/ANSI Standard 61; however, single time point testing of PEX shows that leaching levels of all
but one of those compounds for which California has a more stringent standard than is used by NSF—benzene,
cadmium, carbon disulfide, 1,1-dichloroethane, ethyl benzene, di(2-ethylhexyl) phthalate, benzo(a)pyrene, and
toluene—would not exceed DPH’s primary MCLs. No PEX products would leach concentrations of TBA that
would exceed the more robust, fully protective health standard established by NSF, which is supported by a
chemical-specific human health risk assessment.

Furthermore, multiple time point testing of PEX shows that the levels of MTBE that leach from PEX tubing into
drinking water either never exceed NSF’s TAC of 100 pug/L or DPH’s primary MCL of 13 pg/L or, for a small
proportion of PEX formulations, diminish to levels below both standards in a sufficiently short time such that no
person drinking water from PEX tubing could be exposed to a lifetime dose of MTBE that would result in an
substantial increased level of cancer risk of cancer or noncancer toxicity. Because both the NSF-established TACs
and California’s PHGs (and primary MCLs) for all of these chemical compounds would not be exceeded over the
long-term and because both the NSF standards and DPH’s primary MCL standards were developed to be
protective of both cancer and noncancer risk, chemical concentrations that leach from PEX tubing into drinking
water would not expose the population to unacceptable increases in levels of cancer or noncancer toxicity. In
addition, because the single time point concentrations of chemicals that leach from PEX tubing into drinking
water do not exceed NSF drinking water standards, applicable PHGs established by California, or the MRLs
developed by ATSDR, the use of PEX tubing in drinking water systems would not expose the population to levels
associated with acute toxicity. Finally, there is no evidence to support a finding that MTBE poses any substantial
level of genotoxic or mutagenic risk to humans. For these reasons, the levels of chemical compounds that leach
from PEX products are not considered to cause or contribute to a substantial impact on human health (cancer,
noncancer, or acute). This impact would be less than significant.
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IMPACT Water Quality—Adverse Taste and Odor Impacts. The proposed project would result in the increased use
4.4-2 of PEX tubing in California, a portion of which, upon initial use (i.e., in new pipe), would exceed DPH's

secondary MCL for MTBE for taste and odor. However, because: 1) concentrations of these chemicals
leaching from plumbing pipes decline rapidly with time (see discussion above and at Appendix E) and would
not be anticipated to exceed the standard to an extent or for a duration long enough to cause a substantial
number of persons to experience unpleasant taste or odors in their drinking water; and 2) there are no
known consumer complaints of taste and odor impacts from PEX tubing despite extensive use for more than
a decade in California, this impact is considered less than significant.

Some concerns have been raised regarding the potential adverse affect of MTBE or ETBE on the aesthetic quality
of water from systems using PEX tubing, particularly the taste and odor of the water from these systems.
Although offensive tastes and odors rarely cause any physical harm, they can be unpleasant, leading to distress
and citizen complaints to local governments and regulatory agencies. For these reasons, EPA and DPH develop
drinking water standards for chemicals that are specifically for the avoidance of unpleasant taste and odor.

NSF/Standard 61 does not include any taste and odor requirements for drinking water system products and
materials (NSF International 2007). Taste and odor are psychophysical phenomena (pertaining to the mind and its
relation to physical manifestations) and vary from person to person. NSF used to include a taste and odor
evaluation as part of NSF/ANSI Standard 61 but, based on previous studies, has determined that any standard
would be too subjective and inherently unreliable (McLellan, pers. comm. 2010a). This unreliability is apparent in
the many studies NSF reviewed, which is summarized in Addendum NSF International 2010). According to the
review of taste and odor standards in the addendum, the European Chemicals Bureau determined that individual
variability in sensitivity to taste and odor make it difficult to identify odor and taste thresholds for MTBE in
water (2002, as cited in NSF 2010). The International Programme On Chemical Safety—a joint program of
the World Health Organization, the International Labour Organization, and the United Nations Environment
Programme that aims to establish the scientific basis for safe use of chemicals, and to strengthen national
capabilities and capacities for chemical safety—reported that the taste threshold for MTBE in water is 134 ppb
(1998, as cited in NSF 2010). OEHHA has cited various sources that report odor thresholds for MTBE in
water of between 2.5 to 680 ppb (1999b, as cited in NSF 2010), and more recent data by Suffet et al. (2007,
as cited in NSF 2010) suggests an odor standard for MTBE in water is of 15 ppb or greater.

There are no regulatory standards for ETBE in drinking water, and there are no federal drinking water standards
for MTBE. In its drinking water advisory for MTBE, EPA concludes that maintaining concentrations of MTBE in
the range of 20 to 40 pg/L of water or below will likely avert unpleasant taste and odor effects, recognizing that
some people may detect the chemical below this level (EPA 1997b). EPA presents these taste and odor values as a
range because it recognizes that human responses vary depending upon the sensitivities of the particular
individual and the site-specific water quality conditions (EPA 1997b). EPA also explains that the presence or
absence of other natural or water treatment chemicals can mask or reveal the taste or odor effects. Thus, variable
preexisting water conditions around the country will increase variability in the acceptability of MTBE’s presence
in drinking water (EPA 1997b).

DPH has established a secondary MCL of 5 ng/L for MTBE, which is part of Chapter 15, Title 22 of the
California Code of Regulations. The secondary MCLs established by DPH are also referred to as “consumer
acceptance contaminant level ranges” and, unlike primary MCLs, are not developed to be protective of public
health. In other words, the secondary MCL of 5 pg/L for MTBE is not a health-based standard; it is an aesthetic
one (DPH 1997). In fact, taste and odor characteristics, often referred to as organoleptic properties, cannot be used
by EPA for developing primary drinking water standards (EPA 1997b).

Multiple time point extraction testing (described above in Impact 4.4-1) demonstrates that concentrations of
MTBE in PEX samples decline steadily with time; MTBE extraction levels from all the PEX samples were below
13 ug/L (or 13 ppb) by day 90, and most were below the secondary MCL of 5 ug/L by day 90. However, because
some PEX samples would initially leach concentrations higher than the secondary MCL, this analysis further
examines the application, intent, and development of this standard.
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The requirements for monitoring and enforcement of secondary MCLs, specified in Chapter 15, Title 22 of the
California Code of Regulations, indicate that secondary MCLs are intended to apply to the long-term quality of
water delivered by community water systems. Specifically, these regulations state that “each community water
system [i.e., all suppliers of domestic water to the public] shall monitor its groundwater sources or distribution
system entry points representative of the effluent of a source treatment every three years and its approved surface
water sources or distribution system entry points representative of the effluent of source treatment annually” for
the secondary MCLs. Thus, the regulation is aimed at water supply sources and does not pertain to how water
quality is affected by plumbing pipe or plumbing products.

Moreover, as suggested by the requirement for monitoring only every three years, even where secondary MCLs
apply, short-term exceedances of the standards do not necessarily constitute violations. Pursuant to California
Code of Regulations Section 64449, if the level of any constituent detected in drinking water supplied by a
community water system exceeds its applicable secondary MCL, then the community water system shall initiate
quarterly monitoring for that constituent. Under the regulations, a violation of the secondary MCL occurs if the
average of four consecutive quarterly samples exceeds the secondary MCL. In other words, an exceedance of a
secondary MCL at any single point in time does not constitute a violation of the standard.

This analysis also gives consideration to the methods used by DPH to develop the secondary MCL of 5 pg/L for
MTBE, which are published in the Final Statement of Reasons for the standard (DPH 1997). Foremost, DPH
considered two studies, one in Great Britain and the other by the Orange County Water District, that examine the
concentrations of MTBE at which people can detect odor and taste in a laboratory setting. It does not, however,
provide evidence that there is any record of citizen complaints or, more importantly, that there is any correlation
between relevant MTBE concentrations and complaints.

It is also relevant that the secondary MCL of 5 pg/L represents a level below which most people cannot detect
MTBE, based on laboratory testing. Studies show that individuals may be more sensitive to odors when asked to
try to detect them in a laboratory setting than in the real world, where perceptions may be affected, and
sensitivities muted, by intervening factors. In the drinking water context, such intervening factors could include
background water quality, the taste or odor of which can be affected by mineral or disinfectant content, and the
fact that consumers in day to day use are not necessarily focused on, or significantly bothered by, minor
differences in taste or odor. Similarly, noise impact analyses conducted for CEQA acknowledge that, in a
laboratory setting, some individuals can detect a change in noise levels lower than 3 decibels and, however, in
real-world settings, most individuals typically cannot detect a change in noise levels less than 3 decibels. Thus,
the ability of humans to detect changes in real-world settings is more important than in laboratory settings.

Regulatory provisions for waivers from secondary MCLs are further evidence that water quality that exceeds a
standard based on a detection level would not necessarily be deemed unacceptable to consumers. California Code
of Regulations Section 64449.2 allows individual communities to apply for a waiver from meeting a secondary
MCL if, among other requirements, they conduct a customer survey to confirm that billed customers “prefer to
avoid the cost of additional treatment and live with the current water quality situation.” DPH’s Final Statement of
Reasons for the standard also acknowledges that individual communities may choose attain this waiver, which
further supports the idea that a higher taste and odor standard may be more appropriate for real-world (i.e., non-
laboratory) settings. This analysis thus places greater emphasis on the actual use of PEX in California
communities rather than studies of human sensitivity in laboratory studies. In this way, this methodology is
consistent with regulatory guidance offered by multiple air districts on how airborne odors should be analyzed in
CEQA documents, which suggest that such analyses be based on the number and frequency of confirmed and
unconfirmed odor complaints and experience with similar odor sources in similar settings (SJVAPCD 2002;
SMAQMD 2010; BAAQMD 2009).

Given that local jurisdictions in California have permitted the use of PEX piping in drinking water systems since
the early to mid-1990s, some records of taste and odor complaints associated with PEX would likely have been
recorded if such complaints existed. Staff at Ascent Environmental conducted a survey of building officials of
California jurisdictions that have permitted the use of PEX in their communities. Approximately 50 building
officials were contacted by phone or e-mail during March of 2010, and none of the building officials stated that
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they had received taste or odor complaints associated with the use of PEX materials in their jurisdictions. These
results are corroborated by the oral and written testimony provided to BSC from building officials, plumbers,
specialty contractors and mass production homebuilders with substantial experience installing PEX over a decade
or more, all of whom stated that they had received no complaints regarding adverse taste or odor in their
customers' drinking water from PEX. Finally, PEX has been used in all 49 other states and throughout Europe for
several decades, and this use has not resulted in a record of taste and odor complaints. Thus, based on real-world
experience, it is not anticipated that the use of PEX in drinking water systems causes, or has the potential to cause,
a substantial number of persons to experience unpleasant taste or odors in drinking water.

This analysis also included the examination of taste and odor studies of PEX that were conducted more recently
than DPH’s development of the secondary MCL for MTBE. One such study was published by Durand and
Dietrich in 2007. This study investigated the taste and odor properties of PEX products using the Utility Quick
Test, with a particular focus on the levels of 2-Ethoxy-2-methylpropane (ETBE) associated with detectable odors.
ETBE has similar properties to MTBE; however, there are no regulatory standards for ETBE in drinking water.
The study involved exposing the PEX pipe to water under static conditions (i.e., letting water sit in the tubing) for
periods of 3 and 4 days. Panelists on the study were able to smell ETBE at a concentration of 5 pg/L in a
laboratory setting; the odor intensity as described by the study participants varied from "weak" to "very weak."

As with the two studies used by DPH to develop the secondary MCL for MTBE, this analysis places less
emphasis on the study by Durand and Dietrich (2007) than it does the real-life experiences of communities that
have already been using PEX. Moreover, the study is of limited relevance to this analysis, which emphasizes
consumer experience under real world conditions, because the Durand and Dietrich study was based on test
subjects' reaction to water that had been standing in pipe for up to 3 or 4 days, and there is no evidence that the
pipe had been subjected to the flushing requirements that are mandated under the Plumbing Code and part of
typical construction practices. (See previous discussion under Impact 4.4-1 regarding the results of the multiple
time point testing showing that concentrations of MTBE decline rapidly over time and related discussion of PEX
installation and Plumbing Code requirements for flushing of newly installed pipe.) Moreover, the panelists'
descriptions of the odor intensity of water that has been standing in new pipe as "weak" to "very weak" do not
support a determination that the use of PEX in drinking water systems is likely to cause, a substantial number of
persons to experience unpleasant taste or odors in drinking water.

The potential for PEX to result in any adverse effect to taste and odor must be considered relative to existing
conditions in California, in which consumers drink water from plumbing systems of a variety of different
materials. As noted in Section 4.4.2, PEX has been in use in California since the early to mid-1990's and
represents approximately 37% of the market share for existing products. Despite extensive use in a wide range of
jurisdiction, there is no record of any consumer complaints of adverse taste or odor of drinking water in California
from PEX. Written testimony from building officials, plumbers, contractors, and homebuilders includes
references to thousands of PEX systems installed in California since 1996 without a single known taste or odor
complaint. (As examples, Griffin Industries, approximately 5,850 systems since 1998 [Nielson, pers. comm.,
2008]; Orange Pacific Plumbing, 1,100 systems since 2002 [Hartshorn, pers. comm., 2008]; Pacific Production
Plumbing, 35,000 systems since 1993 [Whitt, pers. comm., 2008]; Golden West Plumbing, 1,000 systems since
2001 [Taylor, pers. comm., 2008]; Granite Homes, 1,500 systems since 2000 [Freyermuth, pers. comm., 2008];
Saber Plumbing, 1,250 systems since 2002 [Zlomek, pers. comm., 2008]; Warmington Homes, 600 systems since
2003 [Pulver, pers. comm., 2008]). Oral testimony was received from homebuilders during the EIR process that
as of late 2007 more than 100 million feet of Uponor PEX had been installed in Southern California for potable
water applications and no calls or complaints of taste and odor had been received (See Banner, oral testimony,
2007). There is no evidence that any person or substantial number of persons has experienced frequent taste and
odor impacts attributable to PEX tubing. Based on the substantial amount of PEX that has been installed in
California and the lack of consumer complaints it is apparent that any exceedance of secondary drinking water
MCLs for MTBE resulting from PEX is not reasonably likely to cause a substantial number of persons served by
the public water system to discontinue use of the system or that use of PEX will otherwise adversely affect the
public welfare (See Cal Health Safety Code 116275).
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The most commonly used material for conveying potable water is copper, which represents approximately 54% of
the market share (California Department of Housing and Community Development [HCD] 2006). There is
evidence that copper pipe has caused a substantial number of persons in California to experience objectionable
tastes and odors in drinking water, which has led to complaints both to building officials and installers. Such
complaints are reportedly common with copper and galvanized water delivery systems, which may stem from
soldering and sealing compounds (Nielson, pers. comm., 2008). Complaints from users of copper pipe systems
report a metallic taste and odor (Shields, pers. comm.., 2008). Based on this evidence it is not reasonable to
assume that continued use of PEX would have any greater potential to result in objectionable taste and odors in
drinking water than the existing condition, which includes copper pipe and other potable water distribution
materials (such as galvanized pipe) documented to cause objectionable taste or odors in drinking water.

As to significance of the potential effect, it is a well-established principle of CEQA that any review of potential
significant impacts should focus on the “adverse impacts upon the environment of persons in general.” (Assn. for
Protection of Environmental Values in Ukiah v. City of Ukiah (1991) 2 Cal.App.4th 720, 734.) “The issue is not
whether [the project] will adversely affect particular persons but whether [the project] will adversely affect the
environment of persons in general. [citation omitted.]" (Topanga Beach Renters Assn. v. Dept. of General
Services (1976) 58 Cal.App.3d 188, 195.) Thus, where potential impacts may only affect a few people, or in this
context, the small number of people in the state population who may be able to detect the taste or odor of MTBE
in a small percentage of the PEX products on the market, for a relatively short period of time, both the law and the
factual evidence supports the conclusion that the potential for isolated incidences of taste and odor complaints
does not constitute a significant impact.

In summary, the use of PEX in drinking water systems would not result in a level of MTBE or ETBE in drinking
water that would exceed the state secondary MCL for taste and odor to an extent or for a duration long enough to
cause a substantial number of persons to experience unpleasant taste or odors in their drinking water. In addition,
because no recorded complaints have been identified about taste and odor associated with PEX in communities
where PEX is currently being used, it is not anticipated that the proposed project would cause a substantial
number of persons to experience unpleasant taste or odors in drinking water for an extended period of time. This
impact would be less than significant.

IMPACT  Water Quality—Noncompliance with Drinking Water Standards Resulting from Permeation. In cases
4.4-3 where PEX is placed below the slab (i.e., in bare soil) where contaminated soils are present and permeated by

solvents or gasoline, it has the potential to introduce chemicals into drinking water at levels in exceedance of
federal and California MCLs, notification and response levels, or the Proposition 65 Safe Harbor levels, as well
as to introduce Proposition 65 chemicals for which there are no adopted federal or California standards.
Because the project would allow the use of PEX for hot and cold water distribution including potable water
uses and the proposed regulations provide no restriction on uses below the slab this project could result in a
potentially significant impact.

Summary of Case Reports of Permeation

Lee (1985) discussed several case histories of permeation of plastic pipes by organic compounds in the
environment. The East Bay Municipal Utility District in Oakland, California reported four instances of apparent
petroleum distillate penetration of polybutylene (PB) water service lines. A case in Maryland was reported in
which concentrations of toluene up to 5,500 pug/L were found in a water sample collected from a service line
consisting of both PE and PB. The soil surrounding the service line was contaminated with gasoline as a result of
a leaking underground storage tank. The Alabama Department of Environmental Management reported
permeation of PB service pipes with diesel fuel. In another incident, a private residence in Chattanooga,
Tennessee reported that gasoline had leaked from the resident’s car in the vicinity of a three-quarter-inch PE
service line and permeated the service line. A similar incident occurred in Darien, Connecticut where a resident
complaint of gasoline odor in tap water resulted in sample analysis which showed benzene (>100 pg/L) and
toluene (>50 pg/L) in the tap water. The odors were absent after flushing and when the homeowners’ plumbing
was in daily use. Samples collected after the system had not been used for 2 days contained approximately16 ug/L
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benzene and a gasoline odor. The resident’s 1%-inch PE service line was replaced with copper after it was
determined that an abandoned underground gasoline storage tank on the resident’s property had developed a leak
and saturated the ground surrounding the line. Although PB, PE, and PEX are all members of the polyolefin
family, this does not mean that PEX will automatically behave similarly to PB and PE. However, there is a lack of
data regarding how PEX may behave differently from other members of the polyolefin family when it comes to
issues of permeability.

Permeation by Various Organic Compounds

Lee (1985) also discussed a research investigation carried out by the American Water Works Service Company to
determine the extent and nature of permeation of several different organic compounds through the types of service
lines in use in the American Water Works system. Five pipe materials were used—iron, copper, PE, PB, and
PVC. The conditions of exposure were designed to simulate worst-case field conditions. One exposure tank
involved exposure of the five piping materials to a vapor environment. The second exposure tank involved
exposure of the five piping materials to a moist soil environment to which sufficient chemical was added; the pipe
was above the saturated soil, but still within the moist capillary zone. Three organic compounds were investigated
in each exposure tank—gasoline, trichloroethylene (TCE) and chlordane. The pipes were in contact separately
with the three organic compounds for a minimum 10-week exposure period. The pipes were unjointed three-
quarter-inch lines filled with tap water. Water samples were analyzed at four intervals during the exposure period.
The results were reported as follows:

» Iron and copper pipes were not permeated by any of the organic compounds in either the soil or the vapor
environments.

» PE pipe was permeated by TCE within 1 week in both the soil and vapor exposure conditions. Gasoline
permeation occurred within 1 day in the vapor and 3 weeks in the soil exposure. Chlordane did not permeate
the polyethylene pipe in either the soil or vapor exposure condition.

» Chlordane did not permeate the polybutylene and PVC pipes. Both types of pipes showed permeation of TCE
and gasoline in both the soil or vapor exposure conditions.

The study authors concluded that plastic pipe is susceptible to permeation from certain organic compounds,
particularly solvents. Based on these results, the authors recommend that limitations are desirable in areas where
the potential for soil contamination is high, such as a gasoline storage area.

Theoretical Calculations of Permeation

In his analysis report, Hoffmann (2005) conducted theoretical calculations on the length of time that would be
required for an organic compound to permeate through the walls of PEX pipe. He estimated the characteristic time
for diffusion of a compound through PEX pipe with a wall thickness of 0.5 centimeter (0.2 inch) and a diffusion
coefficient of 1.0 x 10—12 centimeters squared per second to be 8,000 years. The diffusion coefficient used by
Hoffmann appears to be representative of termiticides (he lists six representative termiticides—bifenthrin,
chlorpyrifos, cypermethrin, fenvalerate, imidachoprid, and permethrin). However, Hoffmann does not comment
on the experimental results of Lee (1985) where the author found that PE pipe was permeated by both TCE and
gasoline (in both the soil and vapor phase) within several weeks. Lee (1985) found that chlordane did not
permeate any of the pipes. Therefore, it is possible that Hoffmann’s theoretical calculations apply only to organic
compounds that are termiticides or pesticides (such as chlordane). However, his calculations may not apply to
solvents, such as gasoline or TCE, which appear to have much faster permeation rates through plastic pipes based
on the experimental results reported in Lee (1985).

Permeation by Solvents, Gasoline, Pesticides, and Termiticides

Evidence shows that use of PEX tubing should be restricted under certain soil conditions and, in fact,
manufacturers recommend restrictions in certain instances. (Vanguard Piping Systems, Inc. 2000:19.)
Manufacture installation handbooks regularly provide warnings such as “must not be installed underground in
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areas of known chemical contamination of the soil, such as organic solvents or petroleum distillates, or where
there is a high risk of chemical spills.” (Id.) A permeation study showed that polyethylene pipe was permeated by
both TCE and gasoline (in both the soil and vapor phase) within several weeks. Chlordane was also tested for
permeation; however, polyethylene pipe was not permeated by chlordane. The same study also tested iron and
copper pipes, which were not permeated by any of the organic compounds in either the soil or the vapor
environments. The study authors concluded that plastic pipe is susceptible to permeation by certain organic
compounds, particularly solvents. Based on these results, the authors recommend that limitations are desirable in
areas where the potential for soil contamination is high, such as a gasoline storage area. Theoretical calculations
on permeation of termiticides indicated that these types of organic compounds would not permeate PEX piping
(Hoffmann 2005). Therefore, termiticides or pesticides are less likely to permeate PEX piping, and do not
represent a concern. However, compounds such as gasoline and chlorinated solvents could present concerns for
permeation.

As discussed above, in cases where PEX is placed in contaminated soils and permeated by solvents or gasoline, it
has the potential to introduce chemicals into drinking water at levels far in exceedance of federal and state MCLs.
Because the project would allow the use of PEX for hot and cold water distribution including potable water uses
and the proposed regulations provide no restriction on uses below the slab (i.e. under the house) this project could
result in a potentially significant impact.

Mitigation Measure 4.4-3: Noncompliance with California and Federal Drinking Water Standards (including
Proposition 65) Resulting from Permeation.

» The regulation shall prohibit the installation of PEX for potable water uses below the slab (i.e., in bare soil)
unless: PEX is sleeved by a metal or other material that is impermeable to solvents and petroleum products.

Significance after Mitigation: Adoption of Mitigation Measure 4.4-3 would ensure that potential impacts to public
health resulting from permeation are reduced to less than significant.

4.4.4 SIGNIFICANT AND UNAVOIDABLE IMPACTS

Because all potentially significant and significant impacts would be reduced to less than significant with the
implementation of mitigation, no water quality impacts would be significant and unavoidable.
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1993-Current Council on Scientific Affairs (Chair 1999-Current)

2008-Current Council on Public Affairs

2003-2004  Planning Committee, 2005 American Occupational Health Conference
1997-2002 Council on Conferences (Associate Chair 1998-2002)
1993-1999  Course Director, Core Curriculum in Environmental Medicine.
1992-Current Committee on Environmental Medicine (Chair 1993-96)
1993-2000  Committee on Medical Surveillance (Chair 1998-2000)
1996-1998 Seminar Chair, 1998 American Occupational Health Conference
1992-1993  Scientific Chair, 1993 State-of-the-Arts Conference

1997-2002 Committee on Conferences (Associate Chair 1997-2002)
1995-2006  Committee on Government Affairs




BORAK, Jonathan Benjamin Page 5 of 23

1992-1997  Committee for Liaison with Government Agencies

1995-1997  Committee on Distance Learning (Associate Chair 1996-1997)
1993-1996  Occupational Medicine Self-Assessment Program

1993-1997 House of Delegates

National Institute of Environmental Health Sciences
2009-current Review Panel — RFA ES-09-001 — Partnership for Environmental Public Health

International Dose-Response Society (previously the International Hormesis Society)
2005-Current Executive Committee

Cyanide Poisoning Treatment Coalition
2006-2009 Board of Directors

American Industrial Hygiene Association
1990-2000  Committee on Emergency Response Planning

Connecticut State Medical Society

1994-1996 Section of Preventive Medicine (Chairman 1994-96)

1983-1994  Committee on Emergency Medical Services (Chairman 1985-1988)
1987-1992 Committee on Organ and Tissue Transfer

Occupational and Environmental Medical Association of Connecticut
1992-1998 Board of Directors

1994-1995 President

1993-1994 President-Elect

1992-1993 Secretary-Treasurer

American College of Emergency Physicians

1992-1994  Liaison to ATSDR Case Studies in Environmental Medicine

1991-1994  Section of Disaster Medicine (Chair, Hazardous Materials Subsection 1991-1994)
1988-1990 National Councilor (Alternate)

1987-1988 National Committee on Chapter Grants

1984-1986 National Committee on Bio-Ethics

Connecticut Poison Control Center
1993-1999 Medical Advisory Committee

American College of Surgeons
1984-1988 Associate Member, Connecticut Committee on Trauma

American Heart Association

1981-2000 Instructor, Advanced and Basic Cardiac Life Support
1985-1987  National Faculty for Advanced Cardiac Life Support
1980-1984  State Chairman, Advanced Cardiac Life Support
1980-1984  State Emergency Cardiac Care Task Force

Connecticut College of Emergency Physicians
1986-1987 President
1980-1990 Board of Directors

Connecticut Red Cross
1987-1992 Medical Advisory Committee on Blood Programs
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Connecticut Dept of Health Services, Office of Emergency Medical Services
1985-1988 Helicopter Over-site Committee (Chairman, Patient Care Review)
1987-1988 Trauma Network Committee

Emergency Medical Systems Council of South Central Connecticut
1980-1988 Medical Advisory Committee (Chairman 1987-1988)

New Haven County Medical Association
1984 Committee on Consumer Protection

Town of North Haven, Connecticut
1987-1995  Local Emergency Planning Committee (Chairman 1988-1990)

Town of Branford, Connecticut
1982-84 Ambulance Commissioner

Shirley Frank Foundation, New Haven, Connecticut

1983-1989 Board of Directors

1983-1989 Chairman, Medical Treatment/Quality Assurance Committee
1985-1989 Executive Committee

Alcohol Services Organization of South Central Connecticut
1981-1984 Board of Directors

Columbus House Shelter, New Haven, Connecticut

1981-83 Founding Member, Board of Directors
World Figure Skating Championships

1980-81 Medical Director

Canadian Association of Interns and Residents
1973-75 Board of Directors

Federation des Medicins Residents du Quebec
1973-75 Treasurer

Canadian National Committee on Physician Manpower
1973-74 Committee Member

PROFESSIONAL LICENSURE:

State of Connecticut #19428
State of New York #117-092

PROFESSIONAL ORGANIZATIONS and SOCIETIES:

American College of Physicians

American College of Emergency Physicians

American College of Occupational and Environmental Medicine
American College of Preventive Medicine

Royal College of Physicians of Canada

Society for Toxicology

Society for Risk Analysis

Society of Occupational Medicine (London)

American Industrial Hygiene Association

Association of Occupational and Environmental Clinics
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Medichem

International Hormesis Society

Ramazzini Society

Connecticut State Medical Society

Occupational and Environmental Medical Association of Connecticut
New Haven County Medical Society

New Haven Medical Association

PUBLICATIONS and EDITORIAL ACTIVITIES:

Editorial Activities

2004-Current Editorial Board, Journal of Occupational and Environmental Medicine

2003-Current Editorial Board, Journal of Occupational and Environmental Hygiene

2007-Current International Advisory Board, Occupational Medicine

1999-2004 Editorial Board, American Industrial Hygiene Association Journal

1997-2004 Associate Editor, OEM: Occupational and Environmental Medicine Report

1992-Current Editorial Reviewer: American Journal of Industrial Medicine; American Journal of
Critical Care and Respiratory Medicine; Annals of Occupational Hygiene; Annals
of Emergency Medicine; Critical Reviews in Toxicology; Dose Response; Human
and Ecological Risk Assessment; Inhalation Toxicology; Journal of the Air &
Waste Management Association; Nonlinearity in Biology, Toxicology and
Medicine; Psychological Reports; Requlatory Toxicology and Pharmacology;
Toxicology and Applied Pharmacology; Toxicology & Industrial Health

1991-2004 Editorial Board, OEM: Occupational and Environmental Medicine Report

1988-Current Peer Reviewer, Case Studies in Environmental Medicine, US Agency for Toxic
Substances and Disease Registry, Atlanta, Georgia

2006-Current Peer Reviewer, Medical Management Guidelines for Acute Chemical Exposures,
US Agency for Toxic Substances and Disease Registry, Atlanta, Georgia

1991-92 Peer Reviewer, Toxicology Profiles, US Agency for Toxic Substances and
Disease Registry, Atlanta, Georgia
1979-81 Consulting Editor, Update Publications, Ltd., London

Books and Monographs

Borak J, Callan M, Abbott W: Hazardous Materials Exposure: Emergency Response and
Patient Care. Englewood Cliffs, NJ: Prentice Hall, 1991.

Borak J, Callan M, Abbott W: Hazardous Materials Exposure: Emergency Response and
Patient Care - Instructor's Manual. Englewood Cliffs: Prentice Hall, 1991.

Levy B,. McCunney RM, Adamowski SE, Borak J, Halperin W, McDiarmid MA, Orris P:
Occupational Medicine Self-Assessment Program (3rd Ed). Arlington Heights:
American College of Occupational and Environmental Medicine, 1993.

Medical Management Guidelines for Acute Chemical Exposures. (Principal Authors: Borak J,
Olsen K, Sublet V). Atlanta: Agency for Toxic Substances and Disease Registry, U.S.
Department of Health and Human Services, 1994.
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Borak J (ed): Core Curriculum in Environmental Medicine. Arlington Heights, IL: American
College of Occupational and Environmental Medicine, 1994.

Russi M, Borak J: The OSHA Asbestos Standard: A Medical Compliance System. New
Haven, CT: AEGIS Healthcare Systems, 1995.

Borak J (Guest Editor): Amler R, Amler S, Balk SJ, McLellan RM (Guest Contributors): Pediatric
Environmental Health (ATSDR-HE-CS-2002-0002). Case Studies in Environmental
Medicine, US Agency for Toxic Substances and Disease Registry, Atlanta, 2002.

Ducatman AM, Borak J, Kaye W, Peipens L (Guest Contributors): Investigating Disease Clusters
(ATSDR-HE-CS-2002-0006). Case Studies in Environmental Medicine. Atlanta: Agency
for Toxic Substances and Disease Registry, 2002.

McCunney RJ, Rountree P, Barbanel C, Borak J, Bunn W, Levin J, Harber P (ed): A Practical
Approach to Occupational and Environmental Medicine (3" Edition). Philadelphia,
Lippincott Williams & Wilkins, 2003.

Book Chapters and Technical Reports

Borak J: Training and Education of Workers and Managers. In: Levy B (ed): Air Pollution in
Central and Eastern Europe. Boston: Management Sciences for Health, 1991.

Borak J, Callan M, Abbott W: Protection of the Health Care System. In: Tokle G (ed):
Hazardous Materials Response Handbook (Second Edition). Quincy, MA: National
Fire Protection Association, 1993.

Borak J: Anion and Osmolar Gaps. In: Viccellio P (ed): Handbook of Medical Toxicology
(1st edition). Boston: Little, Brown, 1993.

Borak J: Worksite and Environmental Emergencies: Planning Requirements. In: McCunney
RJ (ed): A Practical Approach to Occupational and Environmental Medicine. Boston:
Little, Brown, 1994,

Borak J: Les nouvelles normes de qualité de l'air aux Etats-Unis: bases épidémiologiques et
bénéfices attendus. In: Pollution Atmospherique Urbaine et Santé Humaine. Paris: la
Société de Pneumologie de Langue Francaise, 1997.

Borak J. Anion and Osmolar Gaps. In: Viccellio P (ed): Handbook of Medical Toxicology
(2nd edition). Boston: Lippincott-Raven, 1998.

McKay CA, Borak J: Chlorine. In: Haddad LM, Winchester JF, Shannon M (ed): Clinical
Management of Poisoning and Drug Overdose (3rd edition). Philadelphia: Saunders,
1998.

Borak J: Four Organic Pollutants in the Quinnipiac River: Effects on Human Health. In: Tyrrell
ML (ed): Quinnipiac River Point Source Pollution: Is it Still a Problem? New Haven:
Center for Coastal and Watershed Systems, Yale School of Forestry and Environmental
Studies, 2000.

Russi M, Borak J: Chemical Hazards in Health Care Workers. In: Orford R (ed): Clinics in
Occupational and Environmental Medicine: Occupational Health in the Healthcare
Industry. Philadelphia: W.A. Saunders, 2001; 1(2):369-395.
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Borak J: Surveillance and Monitoring for Occupational Carcinogens. In: Whysner J, Shields
PG (eds): Clinics in Occupational and Environmental Medicine: Cancer in the
Workplace: Agents, Mechanisms, Detection, Diagnosis, Management and Prevention:
Philadelphia:

W.A. Saunders, 2002; 2(4): 737-752.

Borak J: Medical Aspects of Environmental Emergencies. In: McCunney RJ, Rountree P,
Barbanel C, Borak J, Bunn W, Levin J, Harber P (eds): A Practical Approach to
Occupational and Environmental Medicine (3" Edition). Philadelphia: Lippincott Williams
& Wilkins, 2003; 768-773.

Borak J, Heywood JB, Parsley W, Pickett T, Widmer W: FY 2003 Two Hundred Bus
Procurement: Expert Panel Report to Massachusetts Bay Transportation Authority.
10/14/2002

Borak J, Pleus R: Toxicology. In: McCunney RJ, Rountree P, Barbanel C, Borak J, Bunn W,
Levin J, Harber P (eds): A Practical Approach to Occupational and Environmental
Medicine (3" Edition). Philadelphia: Lippincott Williams & Wilkins, 2003; 554-570.

Moore JS, Rose S, Borak J: Ergonomics. In: McCunney RJ, Rountree P, Barbanel C, Borak J,
Bunn W, Levin J, Harber P (eds): A Practical Approach to Occupational and
Environmental Medicine (3™ Edition). Philadelphia: Lippincott Williams & Wilkins, 2003;
607-623.

Borak J, Fields C, Sirianni G: The Toxicology of Complex Mixtures. In: Lutrell WE, Jederberg
WM, Still KE, Robert K (ed): Toxicology Principles for the Industrial Hygienist. Fairfax:
American Industrial Hygiene Association, 2008; 273-282.

Fields C, Borak J: lodine Deficiency in Vegetarian and Vegan Diets: Evidence-Based Review of
the World’s Literature on lodine Content in Vegetarian Diets. In: Preedy VR, Burrow GN,
Watson RR (ed): Comprehensive Handbook on lodine. Oxford: Academic Press, 2009;
521- 531.

Borak J: Cyanide Treatment in Fire Victims. In: American Academy of Orthopedic Surgeons:
Assessment and Treatment of Trauma. Sudbury, MA: Jones & Bartlett, 2010; 196-197.

Borak J, Sirianni G: Clinical Practice of Biological Monitoring: Trichloroethylene. In: Hoffman H,
Phillips S (eds): Clinical Practice of Biological Monitoring. Beverly, MA: OEM Press,
2009 (in press).

Journal Articles

Borak J: Clinical decisions analysis [letter]. Journal of the American Medical Association,
1977; 237:641.

Borak J: Hypertension: A Policy Perspective by MC Weinstein and W Stason [book review].
Annals of Internal Medicine, 1977; 87:135.

Borak J: Data requirements for clinical decisions on renovascular hypertension. Clinical and
Investigative Medicine, 1979; 2:105.

Meyer C, McBride WJ, Goldblatt RS, Borak J, Marignani P, Contino C, McCallum R: Flexible
fiberoptic sigmoidoscopy in asymptomatic and symptomatic patients: a comparative
study. Gastrointestinal Endoscopy, 1979; 25:43.
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Borak J, Vasey F, Lauter S, Dorval G, Osterland CK: Immunofluorescence assay for
antinuclear factor: a nonspecific test in hospitalized patients. Canadian Medical
Association Journal, 1979; 121:1372.

Abstracted in: Twenty-Fifth Rheumatism Review. Atlanta: Arthritis Foundation, 1981.

Borak J, Vasey F, Lauter S, Dorval G, Osterland CK: Immunofluorescence assay for
antinuclear factor: the meaning of specificity [letter]. Canadian Medical Association
Journal, 1980; 123:474.

Meyer C, McBride WJ, Goldblatt RS, Borak J, Marignani P, Black HR, McCallum RW: Clinical
experience with flexible sigmoidoscopy in asymptomatic and symptomatic patients.
Yale Journal of Biology and Medicine, 1980; 53:345.

Borak J, Veilleux S: Does statistical training improve physician logic? Clinical Research, 1981;
29:316A.

Borak J, Veilleux S: Prophylactic lidocaine: Uncertain benefits in emergency settings. Annals
of Emergency Medicine, 1982; 11:493.

Borak J, Veilleux S: Errors of intuitive logic among physicians. Social Science and Medicine,
1982; 16:1939.

Bell C, Borak J, Loeffler JR: Pneumothorax in drug abusers: A complication of internal jugular
venous injections. Annals of Emergency Medicine, 1983; 12:167.

Borak J, Veilleux S: Informed consent in emergency settings. Annals of Emergency
Medicine, 1984; 13:731.

Reprinted in Connecticut Medicine, 1984; 48:235.

Granata AV, Halickman JF, Borak J: Utility of military anti-shock trousers (MAST) in
anaphylactic shock. Journal of Emergency Medicine, 1985; 2:349.

Starr LM, Borak J, Waymaster S: Responding to industrial accidents requires development of
disaster plan. Occupational Health and Safety, 1985; 55:19.

Borak J: A Primer on EMS for Connecticut physicians. Connecticut Medicine, 1985; 49:657.

Starr LM, Bush DF, Borak J, Waymaster S, Somerfield M: Emergency teams and industry
have different perceptions of each other. Occupational Health and Safety, 1986;
55(June):20.

Borak J, Bush DF, Starr L, Waymaster S: The hazards of ignorance: the EMS/Industry
interface. Journal of Emergency Medical Services, 1986; 11(September):6.

Starr LM, Bush DF, Borak J, Waymaster S: Workplace medical emergencies. The Health
Psychologist, 1986; 8(2):2.

Borak J, Starr LM: On emergency medical preparedness for industrial accidents. ECO, 1987;
(March):3.

Starr LM, Leach T, Borak J: Occupational emergencies and EMS. Journal Emergency Care
and Transport, 1988; 17:46.

Herbener D, Borak J: Cutaneous larva migrans in Northern climates. American Journal of
Emergency Medicine, 1988; 6:462.
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Borak J: The Superfund Amendments and Reauthorization Act of 1986: Implications for
prehospital services. Emergency Care Quarterly, 1990; 6(3):29.

Borak J; HazMat training. Journal of Emergency Care and Transport, 1991; 20(4):44.

Borak J: Predicting HazMat effects through exposure routes and injury mechanisms.
Rescue, 1991; 4(3):62.

Borak J. Phosgene toxicity: Review and update. Occupational and Environmental Medicine
Report, 1991; 5:19.

Borak J: Welding-related illness: New thoughts on an old malady. Occupational and
Environmental Medicine Report, 1991; 5:89.

Borak J, Sidell FC: Agents of chemical warfare. I. Sulfur mustard. Annals of Emergency
Medicine, 1992; 21:303.

Sidell FC, Borak J: Agents of chemical warfare. Il. Nerve agents. Annals of Emergency
Medicine, 1992; 21:865.

Borak J: Acute acrylonitrile toxicity: Reconsideration of mechanisms and antidotes.
Occupational and Environmental Medicine Report, 1992; 6:19.

Borak J: Cadmium nephropathy: Review and update. Occupational and Environmental
Medicine Report, 1992; 10:75.

Borak J: Toxicology of glycol ethers: a quick review. Occupational and Environmental
Medicine Report, 1993; 7:43.

Borak J, Jaffe D: Aluminum and Alzheimer's disease. Occupational and Environmental
Medicine Report, 1994; 8:3.

Borak J. Environmental Surveillance: understanding of exposure limits needed for proper
job application. Occupational Health and Safety , 1994; 63(5):30.

Borak J, Russi M, Jaffe D: Criteria for significant threshold shift in occupational hearing
programs: a re-evaluation. Occupational and Environmental Medicine Report, 1994; 8:49.

Borak J: Environmental Surveillance: ACGIH's Threshold Limit Values. Occupational Health
and Safety, 1994; 63 (8):26.

Borak J: Environmental Surveillance: OSHA's outdated Air Contaminants system.
Occupational Health and Safety , 1994; 63(12):41.

Russi M, Borak J: Special Report: Medical surveillance under the new Asbestos Standards.
Occupational and Environmental Medicine Report, 1995; 9:6.

Borak J: Workplace monitoring and environmental surveillance: What's the difference?
Occupational Health and Safety, 1995; 649:(4):30.

Borak J: Pharmacologic mechanism of antidotes in cyanide and nitrile poisoning (letter).
Journal of Occupational and Environmental Medicine, 1995; 37:793.

Flaten TP, Pollack ES, Hill G, Borak J, Bonham GH: Aluminum and Alzheimer’s disease:
concluding remarks. EnvironMetrics 1995; 6:319.

Borak J: Dioxins and Health, edited by A Schecter [book review]. Journal of Occupational
and Environmental Medicine 1995:38:305.
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Borak J, Israel L: Does in utero exposure to PCBs cause developmental toxicity? Occupational
and Environmental Report, 1997; 11:13.

Borak J, Wise JP: DNA-Protein crosslinks as biomarkers of formaldehyde exposure.
International Journal of Occupational and Environmental Health, 1997; 3:307.

Borak J: Chromium valence and chromium species: A carcinogenicity dilemma (editorial).
Occupational and Environmental Medicine Report, 1997; 11:93.

Borak J, Pastides H, Van Ert M, Russi M, Herzstein J: Exposure to MTBE and acute human
health effects: a critical literature review. Human and Ecological Risk Assessment,
1998; 4:177.

Borak J, Wise JP: Does aluminum exposure of pregnant animals lead to accumulation in
mothers or their offspring? Teratology 1998; 57:127.

Borak J, Silverstein BD: Emergency response plans: the benefits of integration. Occupational
Hazards, 1999: 61(9): 44.

Borak J, Cohen HJ, Hethmon TA: Copper exposure and metal fume fever: Lack of evidence for
a causal relationship. American Industrial Hygiene Association Journal 2000: 61:832.

Borak J, Russi M, Puglisi JP: Meta-analyses [letter]. Environmental Health Perspectives,
2000: 108:A542.

Borak J, Diller WF: Phosgene exposure: Mechanisms of injury and treatment strategies.
Journal of Occupational and Environmental Medicine, 2001; 43:110.

Borak J: Why diesel and why now? [editorial]. Occupational and Environmental Report, 2001,
15:65.

Borak J, Sirianni G, Cohen H, Chemerynski S, Jongeneelen F: Biological vs. ambient exposure
monitoring of creosote facility workers. Journal of Occupational and Environmental
Medicine, 2002; 44:310.

Reprinted in: Journal of the Institution for Social and Policy Studies. 2003; 4:7.

Recipient of the 2003 Adolph G. Kammer Merit in Authorship Award of the American
College of Occupational and Environmental Medicine

Cohen HJ, Borak J, Hall T, Sirianni G, Chemerynski S: Exposure of miners to diesel particulate
matter in underground non-metal mines. American Industrial Hygiene Association
Journal, 2002; 63:651.

Cohen, HJ, Sirianni G, Chemerynski S, Wheeler R, Borak J: Observations on the suitability of
the Aethalometer for vehicular and workplace monitoring. Journal of the Air & Waste
Management Association, 2002; 52:1258.

Borak J, Sirianni G, Cohen HJ, Chemerynski S, Wheeler R: Comparison of NIOSH 5040
method vs. Aethalometer to monitor diesel particulate in school buses and work sites.
American Industrial Hygiene Association Journal, 2003; 64:260.

Sirianni G, Chemerynski S, Cohen HJ, Wheeler R, Borak J: Sources of Interferences in field
studies of diesel exhaust emission. Applied Occupational and Environmental Hygiene,
2003; 18:591.

Fiellin M, Chemerynski S, Borak J: Editorial: Race, ethnicity and the SEER Database. Medical
and Pediatric Oncology, 2003; 40:413.




BORAK, Jonathan Benjamin Page 13 of 23

Borak J, Fiellin M, Chemerynski S: Who is Hispanic? Implications for epidemiological research
in the United States. Epidemiology, 2004; 15:240-244.

Borak J: Adequacy of iodine nutrition in the United States. Connecticut Medicine, 2005; 69:73-
77.

Borak J, Slade MD, Russi M: Risks of brain tumors in rubber workers: a meta-analysis. Journal
of Occupational and Environmental Medicine 2005; 47:294-298.

Fields C, Dourson M, Borak J: lodine-Deficient Vegetarians: A hypothetical perchlorate-
susceptible population? Regulatory Toxicology and Pharmacology, 2005; 42:37-46.

Borak J: Soy protein and hypothyroidism. Journal of Pediatric Endocrinology and Metabolism,
2005; 18:621.

Fields C, Borak J: Toxicology of the Kidney by JB Tarloff and LH Lash [book review]. Journal of
Occupational and Environmental Medicine 2005; 47:1317-1318.

Borak J: The Beryllium Occupational Exposure Limit: Historical perspectives and current
inadequacy. Journal of Occupational and Environmental Medicine 2006; 48:109-116.

Borak J, Sirianni G: Hormesis: Implications for cancer risk assessment. Dose Response 2006;
3:443-451.

Borak J, Woolf SH, Fields CA: Use of BeLPT for screening of asymptomatic individuals: An
evidence-based assessment. Journal of Occupational and Environmental Medicine
2006; 48:937-948.

Borak J: The Beryllium Occupational Exposure Limit: Historical perspectives and current
Inadequacy: Author's Response [letter]. Journal of Occupational and Environmental
Medicine 2006; 48:998-1001.

Borak J, Hosgood HD: Seafood Arsenic: Implications for human risk assessment. Regulatory
Toxicology and Pharmacology 2007; 47:204-212.

Borak J, Woolf SH, Fields CA: Use of BeLPT for screening of asymptomatic individuals:
Author’s
Response [letter]. Journal of Occupational and Environmental Medicine 2007; 49:358-9.

Borak J, Sirianni G: Studies of Self-pollution in Diesel School Buses: Methodological Issues.
Journal of Occupational and Environmental Hygiene 2007; 4:660-668.

Sirianni G, Hosgood HD, Slade MD, Borak J: Particle size distribution and particle size-related
silica content in granite quarry dust. Journal of Occupational and Environmental
Hygiene 2008; 5:279-285.

Russi MB, Borak JB, Cullen MR: An examination of cancer Epidemiology studies among
populations living close to toxic waste sites. Environmental Health 2008; 7:32.

Slade MD, Borak J: Statistical Evidence in Medical Trials: What do the data really tell us? By
SD

Simon [book review]. Journal of Occupational and Environmental Medicine 2008;
50:602.

Borak J: Nanotoxicology: Characterization, Dosing and Health Effects. By NA Monteiro-Riviere
and CL Tran [book review]. Journal of Occupational and Environmental Medicine 2009;
51:620.
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Borak J: Five classic articles in Public Health. Yale Journal of Biology and Medicine 2010; (in
press).

Sirianni G, Borak J: How clean is “Clean”? Regulations and standards for workplace clothing
and personal protective equipment. Journal of Occupational and Environmental
Medicine 2010 (in press).

Committee and Group Publications

Bioethics Committee, American College of Emergency Physicians: Medical, moral, legal,
and ethical aspects of resuscitation for patients who have minimal ability to function or
ultimately survive. Annals of Emergency Medicine, 1985; 14:9109.

American Hospitals in Transition: Business Implications and Strategic Considerations for
Medical Suppliers. New York: Channing, Weinberg & Co., 1984.

Committee on Organ and Tissue Transfers, Connecticut State Medical Society. HIV testing
of transfusion recipients. Connecticut Medicine, 1990; 54:217.

Badon SJ, Cable RG and Committee on Organ and Tissue Transfers, Connecticut State
Medical Society. Yersinia enterocolitica contamination of blood. Connecticut Medicine,
1992; 56:287.

Emergency Response Planning Committee, American Industrial Hygiene Association: The
AIHA 1996 Emergency Response Planning Guidelines and Workplace Environmental
Exposure Level Guides Handbook. Fairfax: AIHA, 1996.

World Health Organization. Environmental Health Criteria 194: Aluminium. Geneva: World
Health Organization, International Program on Chemical Safety, 1997.

Environmental Medicine Committee, American College of Occupational and Environmental
Medicine: Multiple Chemical Sensitivities: Idiopathic Environmental Intolerance. Journal
of Occupational and Environmental Medicine 41:940, 1999.

National Advisory Committee to Develop Acute Exposure Guideline Levels for Hazardous
Substances: Acute Exposure Guideline Levels for Selected Airborne Chemicals: Volume
#1. Washington, DC: National Academy Press, 2000.

National Advisory Committee to Develop Acute Exposure Guideline Levels for Hazardous
Substances: Standing Operating Procedures for Developing Acute Exposure Guideline
Levels for Hazardous Chemicals. Washington, DC: National Academy Press, 2001.

National Advisory Committee to Develop Acute Exposure Guideline Levels for Hazardous
Substances: Acute Exposure Guideline Levels for Selected Airborne Chemicals: Volume 2.
Washington, DC: National Academy Press, 2002.

National Advisory Committee to Develop Acute Exposure Guideline Levels for Hazardous
Substances: Acute Exposure Guideline Levels for Selected Airborne Chemicals: Volume 3.
Washington, DC: National Academy Press, 2003.

National Advisory Committee to Develop Acute Exposure Guideline Levels for Hazardous
Substances: Acute Exposure Guideline Levels for Selected Airborne Chemicals: Volume 4.
Washington, DC: National Academy Press, 2004.
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National Research Council Subcommittee on Toxicologic Assessment of Low-Level Exposures
to Chemical Warfare Agents: Review of the Department of Defense Research Program
on Low-Level Exposures to Chemical Warfare Agents. Washington, DC: National
Academy Press, 2005.

National Advisory Committee to Develop Acute Exposure Guideline Levels for Hazardous
Substances: Acute Exposure Guideline Levels for Selected Airborne Chemicals: Volume 5.
Washington, DC: National Academy Press, 2006.

Calabrese EJ, Bachmann KJ, Bailer AJ, Bolger PM, Borak J, et al.: Biological Stress Response
Terminology: Integrating the Concepts of Adaptive Response and Preconditioning Stress
within a Hormetic Dose-Response Framework. Toxicology and Applied Pharmacology
2007; 222:122-128.

Internet Resources

Borak J: International Cyanide Antidote Database. Cyanide Poisoning Treatment Coalition.
Available at: http://www.cyanidepoisoning.org/pages/ICAD.asp

Sirianni G, Borak J: How clean is “Clean”? Regulations and standards for workplace clothing
and personal protective equipment: On-Line Supplemental Guide. Journal of
Occupational and Environmental Medicine. Available at: http://links.lww.com/JOM/A28

PRESENTATIONS:

Borak J: "Medical decision making: The case of renovascular hypertension”. Annual Meeting,
Robert Wood Johnson Clinical Scholar Program; Asheville, N.C., 1976.

Borak J: "An evaluation of the adequacy of methods used in clinical investigations of
renovascular hypertension”. American Federation for Clinical Research, Sydenham Society;
Atlantic City, 1976.

Meyer C, McBride WJ, Goldblatt RS, Borak J, Marignani P, Contino C, McCallum R: "Flexible
fiberoptic sigmoidoscopy in asymptomatic and symptomatic patients". American Society of
Gastrointestinal Endoscopy; New Orleans, 1979.

Borak J, Veilleux S: "Errors of intuitive logic among physicians”. Annual Meeting, Robert
Wood Johnson Clinical Scholar Program; Scottsdale, 1981.

Borak J: "The epidemiology of cardiac arrest”. Annual Scientific Session, Connecticut State
Medical Society; New Haven, 1985.

Borak J: "Emergency medicine: What is it and where is it going?". Tenth Annual Symposium,
The Wilkerson Group; New York, 1985.

Bush DF, Starr LM, Borak J, Waymaster S: "Communication about medical emergencies: The
different perceptions of plant safety directors and EMTs". International Communication
Association; Evanston, 1985.

Borak J: "Communication -- The key to the comprehensive emergency response system".
International Communication Association; Chicago, 1986.

Bush DF, Starr LM, Borak J, Rachlis V: "The role of the primary care physician in preparation
for industrial disasters". International Communication Association; Oxford, England, 1986.

Borak J: "Acute medical aspects of SARA Title IlI". Summer National Meeting, American
Institute of Chemical Engineers; Denver, 1988.
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Starr LM, Rachlis V, Borak J: "How to structure the communication process of primary care
physicians when discussing occupational health hazards". International Conference on
Doctor-Patient Communication; London, Ontario, 1986.

Borak J: "SARA Title Ill for physicians: Navigating the muddy water of community Right-to-
Know". Postgraduate Seminar, American Occupational Health Conference, American College
of Occupational Medicine; Boston, 1989.

Borak J: "EMS and hazardous materials”. SARA Title Ill: Progress and Prospects,
Department of Environmental Protection, State of Connecticut; Cromwell, 1989.

Borak J: "The implications of SARA Title Ill for EMS services". SARA Title Ill State Planning
Conference, Department of State Police, State of Michigan; Lansing, MI, 1989.

Borak J, Flynn D: "The management of hazardous materials accidents in the emergency
department”. Scientific Assembly, Emergency Nurses Association; Washington, D.C., 1989.

Borak J, Leonard RB: "Hazardous materials: Approach and management”. Scientific
Assembly, American College of Emergency Physicians; Washington, D.C., 1989.

Borak J: "A Guide to SARA Title Il for physicians: Disaster planning and community Right-to-
Know". Disaster '90: The International Disaster Management Conference; Orlando, 1990.

Borak J: "Emergency medical response to industrial accidents: The U.S. perspective".
Medische Rampenplanning en de Gentse Industrie, (Medical Disaster Planning in the Ghent
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Leydig cell wmors in nen-stndardized reproduction studies revealed thal single gavage doses af appreximatel y
500 mgfkg-day reaubied in reduced cireilating estosterone zmmediztely fallowing dosing. At gavage doses of
1.200 mgfkg-day for 14 days, decreased uruu[qnnn wslosterone and [uleinizing hormone, incrensed estradiol,
and decreased westivulr microsomal aromaase activily were obsers &d in male rars.

fn vf1o metaholi=m data indicate thae ooal oxposore 10 methy? -botyd ether for up 1o 38 days induces varions
CYP450 isozymes.  ethyl Ghuyl ether is oxidatively demethylaied 10 t-butanal, In rodents, (he
njoransformation of t-hatanol has heea shown o yield 2-methyl-] -2-prepancdiol and c-hydroxyiscbutyric
aeid. Neevidenee of hepatie peraxisome profifermion was observed, Al iovestizaiiony oo oephrotoxicily weve
consistent with a-2yt-glabulin nephropathy, which was pot considered relevant 1 bumans.

The worght of gerotoxicity evidence suggests tat methyl Chutyl ether has sume gentosic potential and there
were insuffivient daty w support a nos-genuioxic mode of action,  Thas, a 107 caneer risk level for methyl t-
hutyt ether was eatrapolated from the eheanie gavage BMD,.,. which was esseatislly the same. whether based
on the [eydia coll timaoss in make rats (37 mefko-day) or on Iymphatic tumors_in female rats (30 makg-duy ).

CONCLUSIONS

There are no clwonic dala in humans, but there is “seggesiice evidence of carcinagenic petenrial” ahier savage
expasure 1o methyl whutyi ether S rns. The drinking water action levels develaped in this sk assessament are
pretective of pubhic bealh, since they were cabeulated bused on the Wwmor incidencas abserved inoa chronic
pavage study, Alhouph the study was flawed, it was comidered adequate for sfie purposes of risk assessmenl
and more appropriate hin using a chronie inhafation sudy with inkabition w oral rovte exivapolation

extinge a lifetime cancer eisk frems orat exposme o methel tlabd Sther
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1.0 INTRODUCTION

This document has been prepared w0 allow (oxicological evaluation of the unregulated
contaminant methyl t-butyl ether in drinking water as an extractant from one or more drinking
water system componcnts evaluated under NSF/ANSI 61 (2007) ur as & contaminant in a
drinking water treatment chemical evaluated under NSF/ANST 60 (2007). Both non-cancer and
cancer endpoints have been considered. and risk assessment methodology developed by the U'S.
Environmental Protection Azency (U.5. EPAJ has been used.

Non-cancer eudpoints are evaluated using the reference dose {RfDY} approach (Barnes and
Dourson, 198%: Dourson, 1994: U.S. EPA, 1993; U.S. EPA. 2002), which assumes that the
threshold for these endpoings will not be exceeded if anproprimte wncertainty factors (Dourson et
al.. 1996; U1.S. EPA, 2002) are applied 1o the highest dose showing no signifieant eftects. This
highest dose is derived from human exposure data when available. but more often is derived
from studies in laboratory animals, Either the no-observed-adverse-clfect level (NOAELY) laken
directly from the dose-response data or the caleulaied lower 95% contidence limit on the dose
resulbting in an cstimated 10% increase in response (1he LED 3 or BMDL o from benchmark dose
programs) ¢an be used (U.5. EPA, 2007a). The lowest-observed-adverse-effect level (LOAEL}Y
can also be used, with an additional. uncertainty factor, although the benchntark dose approach is
preferred in this case. The RfD is expressed in mg/kg-day. It is defined by the U.S. EPA as ~an
estimate (with uncertainty spanning perhaps an order of magnitude) of a daily exposure 1o the
human population (including sensitive subgroups) that is likely to be without an appreciable risk
of deleterious etfects during a lifetime™ (Barnes and Dourson, 1988; U.S. EPA. 1993; 1.8, EPA.
2003a),

NSF uses the RfD to derive three produet evaltation criteria for non-vancer endpoints. The toa)

allowable coneeniration {TAC), generally used to evaluale the results of extraction lesting
normalized to static at-the-tap conditions. is defined ns the RfD mnultiplied by the 70 kg weightof
an average adult assumed w drink two liters of water per day, A relative source contribution
{RSC). 1o ensure that the RD is not excecded when fond and other non-water sotrces of
exposure to the chemical are considered. is also applied in calculating the TAC. The relative
source contribution should be data derived, if possible.  Alternately, a 206 default contribution
for water can be tised (U.S. EPA. 1991a). The TAC calculation is then as follows:

TAC tm/L) = [RID tmplkg-dav) x 70 kel — |roral contribution of other sources (meddavy|
2 Liday

or

TAC fmy/L}

RfD {mu/kp-dav) x 70ke  x 0.2 (RSC)
2 [L/day

The single product allowable concentration (SPACH used for waler freaumant chenticals amd for
water contaet materials normalized 0 Nowing at-the-tap conditions, is the TAC divided by the
estimated (ol oumber of sowrces of the substance in the drinking water frearmemt aned



oSO s A N —

10

30

34

36

37
RE
9
0
4

13
A%
15
a6

@ M8 NSF Confidential Draft - Do Not Copy, Cite, or Qaotoe niethiyl 1-hutyl ether- 82408

distriburion systent. [n the absence of source dala, a defanlt multiple sooree factor of 10 is used.
The multiple source factor accounts for the possibility that more than one product in the water
and/or its distribution syswem could conribute the contaminant i question.,

Finally, a short-term-exposure level (STEL}, at a higher level than the TAC, may be calculared
for containinants such as solvents expected 1o extract at higher levels From new product, but also
expected 1o decay rapidly aver time. The STEL is calcutated from the NOAEL or the LEDyg of
an animal swdy of 14- 10 90-days duration, with uncertainty factors appropriate to the duration of
the study. The contaminant level must decay to a Jevel at or below the TAC under static
conditions, orta a level at or below the SPAC uitder Tlowing conditions within 90 days, based on
the contaminant decay curve generated from over-time laboratory extraction dara.

Endpoints related to cancer are evaluated using modeling o fit a curve to the appropriate dose-
response data (U.S. EPA, 1996a. U.S, EPA, 199%: U.S. EPA, 2003b). IF tiere is sufficient
evidence (0 use a non-lnear model. the LED g or BMDL ¢, divided by the anicipated exposure,
is calculated 1o give a margin of exposure. [f there is insufficient evidence to document non-
linearity, a linear model drawing u straight Tine from the LEDyy or BMDLy to zero is used as a
default. If a linear model {penerally reflecring u genotoxic carcinogen) is wsed. a tarzer risk
range of 105 to 107 is considered by the U.S. EPA o be safe and protective of public health
{U.S. EPA, 19914}, For the purposes of NSF/ANSL 60 (2003) and 61 (2007). the TAC is set at
the 10°% risk level, and the SPAC is set al the 10°® risk level. Use of a higher risk level is not
ruled our, but would generally require documentalion of a benefit to counteract the additional
risk.

The RiD, TAC. SPAC. and STEL values derived in this document are based un available health
cffects data and are intended for use in determining compliance of products with the
requirements of NSE/ANSI 60 (2005) and 61 (2007). Application of these values 1o other
exposure scenarios showld be done with care and with a full understanding of 1he values
derivation and the comparative magnitude and duration of the exposures. These values do not
have the ripor of regulatory values. us data gaps are generally filled by industry or government
studies prior to regulation. Data gaps introduce uncertainty into an evahiation and require the
use of additional unvertatnty Factors to pratect public health,

The general guidelines for this risk assessment include those from the National Research Council
(WNRC, 1983} und from the Presidential/Congressional Commission on Risk Assessment and Risk
Munagement (1997a: 1997b). Other guidelines used in the devielopment of 1his assessment may
include the following: Guidelines for Carcinogen Risk Assessment (U.S. EPA. 1986). Proposed
Guidelines for Carcinogen Risk Assessment (U.S. EPA, 1996a), draft revised Guidelines for
Carcinogen Risk Assessment (U.S. EPA, [999). draft final Guidelines For Carcinogen Risk
Assessment {ULS, EPA, 2K13b). Guidelines for Carcinogen Risk Assessment (2005b). Guidelmes
for Developmental Toxicity Risk Assessment (U8, EPA, 1991b}, Guidelines for Reproductire
Toxicity Risk Assessmient (B.S. EPAL 1996h). Guidelines for Newrotoxieity Risk Assessment
(U.S. EPA. 1998). A Review of the Reference Dase and Reference Conceniration Process (U8,
EPA. 2002). Recommendations for and Documentation of Biological Vafues lor Use in Risk
Assessment 1.5, EPAL 1988). and Health Eifects Testing Guidelifes {U.S, EPA, 20075,

R e e
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The literature search strategy employed for this compound was based on the Chemical Abstract
Service Registry Number (CASRN) and at least one common e, As a minimum. the
foflowing data banks were searched: )

¢ ChemlD Plus

+ Registry of Toxic Effects of Chemical Substances (RTECS)
» Hazardous Substances Dara Bank {HSDBE)

* GENE-TOX

+  Environmental Mutagen Information Center (EMIC)

+ Developmental and Reproductive Toxicology {DART)

¢ TOXLINE - Core and Special

s TRI (Toxics Release Inventory)

¢ Chemical Carcinogenesis Research Infonnation System (CCRIS)
+  Medline (via PubMed)

¢ lotegrated Risk Information System (IRIS)

Sytacuse Rescarck Cerparation Cnline Toxic Subsiance Conteol Act Database {TSCATS)
»  Current Conteats (as requested)

The literatnre search for this chemical was conducted on September 29, 2003 and updated on
January 23, 2008, This docnment includes all relevant information retrieved as a result of these
searches.

20  PHYSICAL AND CHEMICAL PROPERTIES

Methyl t-butyl ether is an aliphatic dialky] ether with synonyms of 2-methoxy-2-methylpropane;
2-methyl-2-methoxypropane: ether, tert-butyl methyl: MTBE: methy! | |-dimethylethy! ether:
methyl tert-butyl ether: methyl tertiary-butyl etber; propane. 2-mcthoxy-2-methyl-; 1-buiyl
methy! ether; tert-butyl methyl ether (ChemlDPlus, 2003). 1t has trade names of 3 D Concard.
Driveron. HSDB 5487, and UN 2398 (IPCS. 1998). Tt has the folluwing structure, and physical
and chemical properties listed in Table 1:
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| Table 1. The physical and chemical properties of methyl t-butyl ether

Propesty LT e - Thata : S
Empirical Formula CeHsO QEHHA, 1999
CAS# 1034-04-3 QEHHA, 1999
Molecular Wetaht 88.15 QEHHA, 1999
Physicat Stawe and Color colarless tiguid ai room temperature | IPCS. 1998
Melting Point -109°C OEHHA, 1999
Boiling Poinr 35.2°C 1PCS, 1998
Density (. 7404 ar 20°C IPCS, 1398

Vapor Pressure

13,5300 Pa at 25°C

1PCS. 1993

Water Solubility

51 gl w 25°C

OEHHA, 1999

Digsociation Constant (pK.,)

Not reposted

n-Qctanol/Water Partition CoelTicient (log K.}

0.94-1.3*
.43 {estimated)”

SIPCS. 1998

t-3 ’
hripeifese sy e von

5.87 « 10" aim-m/mole w1 23°C

T OEHHA. 1999

Henry's Law Constant (air/water partition)

NGO - W
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2.1  Organoleptic Properties

Methyl -butyl ether has a terpene-like odor (IPCS. 19983, Tndividual variability in sensitivity to
taste and odor nake it ditficult to identity edor and taste thresholds for methyl t-butyl ether in
water {(ECB. 2002). IPCS (1998) has reporied that the taste threshold for methy! t-butyl ether in
water is {34 ppb. OEHHA (1999) has cited various sources that report odor thresholds tor
methyl t-butyl ether in water of between 2.5 w 680 ppb. The U.S. EPA (15997) recommended a
drinking water level of 20-40 ppb for methyl -butyl ether. based on averting taste and odor.
More recent data by Suftet eval. (2007) suggests that the odor threshoid for methy| 1-bury! ether
in water is 2 13 ppb.

.0 PRODUCTION AND USE
3.1 Production

Industrially, methyl t-bulyl ether is devived Tromn the catalytic reaction of methanol and
isobutylene over an acidic jon-exchange resin catalyst such as sulfonated styrene cross-linked
with divinyl benzene in the liquid phase at 38-93°C and 100-200 psi (IPCS. 1998). It can also he
prepared from methanol, -butanol. and diazomethane.

Methyl t-butyl ether is among the 30 highest production volume chemicals (TPCS. 1998). In
1999, toral worldwide annual production of methyl t-butyl ether was abouwl 21 million wos or
46.3 billion peunds (ECB. 20002). Methyt t-buiyl ether is a high production volume chemical in
the United States (U,S, EPA. 2007¢) and European Union (2004).

32 Use

Tuis anticiped that the use of methyl mbuty] ether will continue o increase (IPCS. 19981, Nonh
Americal is the largest consumer of inethy§ 1-butyl ether, aceounting for abour 1wo-thirds of the

S
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world’s annual use (JPCS. F998). In 1996, the US was the world's largest consumer of methy! (-
butyl ether with a vsage of 10,6 million wns £12.2 Lillion pounds? per year,

The major use of methyl -butyl ether is as an oxygenated additive in gusoline. in which it is
biended a1 2 1o t1.3% by volume (ECR, 2002). [PCS (1998) reports that methy] t-buty} etler has
been added to gasoline in concentrations up to [7% by volume. Only ainor minount is used for
other purposes. such as solvent instead of diethyl ether or diisopropyl ether in both the chemical
and pharmaceutical industry and laboratortes (ECB. 2002). Approximutely 25% of gasoline in
the USA 1s blended with methyl t-butyi ether (IPCS, 19981 Methyl t-butyl ether is almost
exclusively used 1o provide both octane enhancement and an increase in the oxygen content of
gasoline. No approved uses for methyl t-butyl ether as a direct or indirect food additive were
identified under Title 21 of the U.S. Cade af Federal Regulaiions (U.8. FDA. 2007).

1.0 ANALYTICAL METHODS
4.1 Analysis in Water

Sarption/desorption. including purge and trap systems, and headspace procedures have been used
to prepare water for analysis of methyl t-butyl ether (IPCS, 1998). The anatytical methods for
methyl tbutyl ether in water have been reviewed by 1PCS (1998). These methods include the
static headspace pracedure using gas chromatography with photolonization derection (GC-PID)
with & detection limit of | (L8 pe/nv' and the purge and map procedure using gas chromatograpliy-
mass spectrometry with detection limits ranging from 0.06 to 3 p/l.. NSF Imernational uses
U.S. EPA (1995) method 502.2 employing gas chromatography for volatile compounds w0 deteet
methyl t-butyl ether as an extractant from drinking water system components tested to
NSF/ANSI Standard 61 (2007), The reposting limit is 0.3 pgA..

4,2 Analysis in Biological Matrices

Methy!| t-butyl ether is analyzed in biological matrives generally by gas chromatography, using a
range of capillary columizs and detector systems saited o the specific matrix (IPCS, 1998).

3.0  SOURCES OF HUMAN AND ENVIRONMENTAL EXPOSURE

m
=

Sources of Human Exposure

Methy! -butyl ether does not oceur naturally in the envionment (IPCS, 1998). Groundwarter
nay become contaminated with methyi 1-buyt ether through leaking underground storage unks
or spillage from avertilling ol the storage tanks (ECB, 2002). Tn the USA, msthy! t-buryl ether
has been detected In storm water. surfuce water, inclnding streams. rivers. and reservoirs.
groundwater, and drirking water (JPCS. 1998). Methyl 1-butyl ether i infrequently detecied in
public drinking-water sysiems from greundwater, In all but three out of 31 systems in which it
was reported, the concentration was <20 ug/l. There ave inadequate data 10 characterize 1he
comcentration of methyl t-butyl ether in public drinking-water systems fom surface water.
Afetiy] -butyl ether has been found au bigh levels (Le. =1 000 pa/l) in u few private wells used
for drinking water {TPCS. 19985 Mothy) t-bueyl ether has been detected as an eatractans from
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drinking water system compaonents tested 1w NSF/ANST 61 (2007) a1 normalized concentrations
vp ta 0.2 mg/L.

Workers with potential exposure to methyt t-buky! ether include those involved in the production,
distribution, and use of methy] t-butyl ether and methyl 1-bulyl ether-containing gasoline,
including service station arendants and mechanics (IPCS, 1998). The soucces of industrial
accupational expostre o methy! t-butyl ether have been reviewed by ECB (2002) and include
individuals involved in the production, formudation. transportacion, ar distribution of methyl ¢
butyl ether. These expasures include personnel employed at service suions, those involved in
mainienance operations and awtoinotive  repairs, and individuals in the chemical or
phannaceutical industries in which methyl w-butyl ether is used as a solvent. Exposure of the
public to methyi t-butyl ether can be principally by inhalation of tumes while refueling motor
vehicles and drinking contaminated water (MeGregor, 2006). Maximum internal doses resulting
from. such exposures are unlikely 10 exceed 0,03 mgrkg-day and will normally be ery nmch
lower.

5.2 Sources of Environmental Exposure

Meathy! t-buty! ether may enter the enviromment during aslt phases of the petroleum fuel cycle
(TPCS. 1998). Sources include auto emissions, evaporative losses from gaseline stations and
vehicles, slorage tank releases., pipeline eaks, other accidental spills, and refinery stack releases,
Annual estimates of methyl t-bukyl ether mass releases o the environment from all potential
sources have not been reported in the scientific literature. However, releases from storage tanks,
vehicular emissions, and evaporative tosses from gasoline stations and vehicles are perceived to
be important sources. ’

Concenmations of methyl 1-buty! ether detected in storm water ranged from 0.2 10 8.7 pgfl. with
a median of less than 1.0 pg/L.. For sureams, rivers, and reservairs, the range of detertion was
from 0.2 to 30 pg/L. and the range of medians for several studies was 0.24 w0 7,75 pg/L, Methyl
i-buty| ether has penerally not been detected in deeper groundwater or in shallow groundwater in
agriceltural areas, When detected. the convenuration is less than 2.0 po/l, Methyl i-bulyl ciber is
meore frequently found in shallow groundwater (eop 5-10 feet of these aguifers) in urban areas. In
this setting, the concemrations range from less than 0.2 pg/l. to 23 me/L, with a median valte
below 0.2 pg/L (IPCS, 199R).

6.0 COMPARATIVE KINETICS AND METABOLISM IN HUMANS AND
LABORATORY ANIMALS

Numerpus studies investigating the Kinetics and metabolism of methy} t-butyl ether in hwmans
and laboratory anithais are available, These data have been reviewed by several regulatory
organizations, including European Chemicals Burean (ECB, 2002), Office of Environmenial
Health Huzard Assessment of the California EPA TOEHHA, 1999). the International Programme
on Chemical Safety of the Warld Health Orpanization (IFCS. 19943, the Ewropear Center for
Ecowsicology and Toxieolugy of Chemicals (ECETOC. 1997). the Agency far Toxic
Subsances and Discase Regiswey (ATSDR. 1996). and Health Canada (1992). Severnl review
articles on these data are ulso weailable i the scientific literature.



=

4

e
Fome JRU RN SN Y L RN DR Y

g

t

1~
[i%)

S
= W

[
L]

3 )

¥
R=le e e )

=)

J

W .
)

fed L ) el L oL A

8~ Gy AN = Ll

© 208 NSIF Confidential Draft — Do Not Copy, Cite, or Qutoe methyl {-botyl ether- 02/08

Methyl t-butyl ether was absorbed into the blood of human volunteers whe rapidly drank 2.8 mg
methyl t-butyl ether in 230 mL Gatorade {Prah et al.. 2004). Mean blood levels of methyl ebuly]
¢ther peaked at 0.17 umol/L between 13 and 30 minutes following administration and declined
to al of below the detection limit (0.03 pmol/L) at the 24-hour sampling period. In human
volunteers who tapidly drank 6.7 pl methy! t-butyl ether in “about 5 mg™ of lemon-lime solution,
peak blood levels of methyl t-bury] ether ranged from 5 to 15 nghnl (0.06-0.17 pmol/1y (ECB.
2002).

In rodenty, methyl t-buty! ether is well absorbed and distributed following oral administration
(IPCS. 1998). Rapid and complete absorption across the gastrointestinal tract was observed in
rats administered methy] -butyl ether via gavage au 40 mekg (ECB. 2002). At 400 mp/kg oral
exposure in rats, the percentage of total absorbed dose eliminated in expired air increased with a
cenesponding decrease i the percentage eliminated in urine, indicatng a saturation of
mewabolism (IPCS. 1998).

/n vivo studies on the metabolism of methyl t-butyl ether in humans and raes indicate
gualitatively similar overall metabolism (ECB. 2002). Methy!l t-butyl ether is oxidarively

demethylated by microsomal enzymes to t-butariol and formaldehyde, but the latrer has oniy -

been shown in virre. In rodents, the biotransformation of t-bwtanol has been sbown to yield 2-
methyl-1.2-propanediol and a-hydroxyisobutyric acid (Figuee 1).

The eyiochrome P450-mediated biowransformation ot methyl t-butyl ether has been explored in
saveral in virro studies with tiver microsomnes fromm humans, rats, and mice (ECB, 2002).
Metabolism of nethy! t-butyl ether by rat liver microsomes produced equivalent amounts of
formaldehyde and t-butanol. and data strongly suggest that when expressed, CYP2BI is the
major enzyme involved in methyl -buty! ether demethylation and that CYP2E] may have a
minor roke,

Since these kinetic and metabotisin data for methyl tbutyl ether in humans and laboratory
animals have been reviewed previously. the curent review focuses on only the new aral dati
since these reviews, Recent dara confirm that methyl -butyl ether is rapidly absorbed foliowing
oral administration, Approximately 30% of admigistered dose in humans was cleared by
exhalation as unchanged methy! t-buiyl ether and as -butanel within 10-20 min. Less than (.15
ol the administered dose was recovered in expired air as acetene. Approximately 50% of the
administered dose in humans was eliminated in the urine as unchanged methy! t-buwyl ether
(~0.1%), t-hutanol {~1%). 2-methyl-i 2-propanediol (~9%). and 2-bydroxyisobutyrate (~3)%),
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Figure 1. Proposed metabolic scheme of methyl t-butyl ether
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6.1 Absorption

Previous data in humans or ksborary animals demonstrate that methyd t-batyd ether is rapidfy
ahsorbed following oral adininistration. Recent data by Pral et ol (2004), Amberg et al. (2001, :
and Dekant er al. (2001 conlinm this observation, Methy! 1-buiyl ether was rapidly absorbed
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from the gastrointestinal truct and a significant part of the administered dose was transferred into
blood of humao volumreers ingesting methyl -buty? ether in water or Garorade. No other recens
data reparding the absorption of methyl t-butyl ether following otsl exposure in humans or
laboratory animals were idenrified. '

6.2  Distribution

Recem data regarding the distribution of merhy! -butyl ether after oral exposure were limited o
the imeasurement of methyl -butyl ether and one of its metabolites, 1-buranol, in blood afier oral
ingestion in human volunteers.

Fouricen healthy wmale volunteers ingested 2.8 ing methyl -buly! ether (unspecified purity) in
250 mL Gatorade (Prah ef al., 2004), Gatorade was wsed as the vehicle to mask the unpleasant
taste of methy! -butyl ether. Blood samples were collected after Q. 5, [5. 30, 45, 60. 75, 90. 105,
1203, 180, 240, 360. and | 440 minues. Mean levels of mcthyl t-butyl ether and t-butanol in the
blood were determined using gas chromatography/mass speetrometry. The plasma half-life of
methy! --buryl ether was determined. The area under the plasia concentration versus time curve
was estimated for methyl e-butyl ether alone and for methy! t-butyl ether plas t-butanol.

Mean. blood levels of methyl t-butyl ether peaked at 0.17 pumol/L between 15 and 30 minutes
following adininistration and declined to ai or below the detection limit (0.05 prmol/L) at the 24-
hour sampling period. Blood levels of t-butanol peaked at 0,23 pmol/L at the 45-minute
sumpling period and did not return 1o pre-exposure levels by the 24-hour sampling period.
Elimination of methyl t-butyl ether fromn the blood was best characterized by a three-
compartment model. The mean half-life for methyl t-butyl ether efimination from the blood in
the first, second, and third phases was 14.9, 102.0, and 417.3 minutes, respectively. The mean
area under the plasma eoncentration versus time curve was estimaled to be 1,682 pmol/hr/L for
methyl -butyl ether alone, 20,025 pmol/hr/L for -buianol. and 10,854 nmol/hr/LL for methyl t-
buttyl ether and -butanol combined. The mean area under the cuirve ratio of &-butanol to methyl 1~
butyl ether wis 13.1 inthe blood. Since this study also incladed the dermal and inhalation routes
of exposure, the study awhors sugsesied that these pharmacokinetic estimates were useful in
constructing a physiologically-based pharmacokinetic model for methyl t-buty) ether in humans
acvoss dilferent rowes of administration.

Three human volumeers per sex and dose ingested 0. 3, or 15 mg "*C-methy! t-buty! ether it 100
ml. water {Amberg et al., 200 : Dekant et al., 2001). Blood samples were colleeted at 60-mimue
imervals for the first four howrs and at 120-minute intervals thereafter until 12 hours. A final
blood sample was collected 24 houys after administration.

At 5 mg, the maximum comeéntration wm the biood averaged 010 uM. and these concentrations

were obtained with the first blood samples, which were taken afier one hour,  Elimination of

methyl -butyl ether from tie blood occurred in three phases. and the mean hatfelife of cach
plase was 0.8, 1.8, and 8.1 hours,  Mean blood concentrations of tbatanol were 1,87 ud, The
mean terminal half-life of -butano] clearance from the bload was 8.1 howrs. Levels of methyl t-
butyl ether and -buianol in blood declined to at ar pear the limil of detection ar the 12- and 24-
hour sampling fimes., respectively.
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At L5 myg, the meximum concentration in the bloed, which was reached after one hour, averaged
0,69 uM. Eliminarion of methyl t-bainyl ether from the blood occurved in three phases, and the
nean half-lite of each phase was 0.7, 1.2, and 3.7 hours. Mean blood concentrations of t-buanol
were (.43 uM. The mean terminal half-life of 1-butanol clearance from the blood was 8.5 hours,

[ ] Metabolism
6.3.1 Humans

The metabolism of methyl t-butyl ether was studied in three uman volunteers per sex and dose
after ingestion of 0, 5, or 15 mg "C-methy] t-butyl ether in 100 mL water {Amberg et ak.. 2001
Dekant e al. 2001). Mass spectrometry was used to identify vrinary metabolites in urine
samples collected at §-howr intervals for 96 haurs. At 5 and 15 mg, 46% and 49%. respectively,
of the administered dose was eliminated in the urine as unchanged methyl t-hutyl ether, -
butarol, 2-methyl-1.2-propanediol, und 2-hydroxyisobutyrate. At 3 mg. unchanged methyl t-
butyl ether, t-butanul, 2-methyl-1.2-propanediol, and 2-hydrosyisobuyrate comprised .01, 1, 9,
and 36% of the administered dose, respectively. At |5 mg, unchanged niethy! i-butyl ether, -
butanol, Z-methyl-1.2-propanediol, and 2-hydroxyisobutyrate comprised 0.1, 1. 8, and 40% of
the administered’ dose, respectively. Hepatic first-pass metabolism was not observed.  The
authors conciuded that the inctabolic pathway for methyl -butyl ether after oral exposure was
identical to concurrently conducted inhalation expasure studies,

The metabolism of methyl t-butyl cther was studied in a paoel of 12 human liver inicrosomnes
isolated from nine male and two female donors (Le Gal et al., 2000), The human liver
nricrosomes inetabolized methyl -butyl ether into t-butanni and formaldehyde. The mean
Michaelis-Menten constant (Kin), which describes the cafalytic power of an enzyme or rate of' a
reaction catalyzed by an enzyme, was determined. The mean apparent Kin{ 1) was determined w
be 0.25 mM, which was considered low by the study authors, and the mean apparent Km(2) was
2.9 mM, which was considered high. The study authors eoncluded that kinetic data, along with
the resuits frosn corretation studies and chemical inhibition studies, support the assertion that the
wajor enzyme involved in methyl t-butyl ether metabolisin is CYP2A6. with a minor
contribution of CYP3A4 at low substrare concentration.

6.3.2 Laboratory Animais

Williams and Borghoff (2000) investigated the hyputhesis that methyl t-huiyl cther-induced
decrease in serm lestasterone levels in male rats may be due in part w the ability of methyl -
butvl ether 10 induce the metabolism of endogenous @stosterone and, hence, enhance its
¢learance. Fifteen male Sprague-Dawley rats per dose were adminisiered 0 or 1.500 mp/ke-day
methyl t-bury! ether (> 99.9% purity in corn oil} via gavage for 15 days. [n a second experiment,
fifieen male Sprague-Dawley ruis per dose were administered 0, 250L 505, 1,000, or .50
mg/kg-day methy! t-butyl cther (> 99.9% purity in corn oily via gavage for 28 days. At study
termination, the rats were sacrificed. body and liver weights were determined, and hepatic
microsomes were isofated for measuremiemt of CYP430 activity,  Testosterone hvdroxyvlase
activities of hepatic microsomes. which were used as markers for CYP430 enzyme activities,
were also assessed, These enzymes included 2-o-. 2-Be, 6-f-. 7-rz-. 16-@-. and 17- B-
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hvdroxytestosterone, The activities of p-nitrophenol and UDP-glucuronosyltransferase were also
assessed to evaluate the mechanism of centrilobular hypertrophy observed in rodents after
repeated methyl -buryl ether exposures. The formation of formaldehyde. a metabolite of methyl
1-butyl cther. was ajso measuzed.

After [5 days, total hepatic microsomal cytochrome CYP43Q was inereased 1.3-fold in vats
reated with 1,300 mgkg-day methy! r-buyl ether. CYPIALZ, CYP2AL. CYP2E], and
CYP2BI/2 activities were increased 1.5-. 2.4-, 2.3, and 6.5-fold. respectively, at [.500 mg/ka-
day after 13 days, 7-a-hydroxytestosterone was statistically increased by 2.4-fold compared to
controls.

After 28 days. (ol hepatic micrasomal cywochrome CYP430 was not statistically different
comparad to coutrol. At 1.000 mg/kg-day after 28 days, a statistical increase i mean relative
liver weight {i0-14%. not further specified) and a 2.0-fold increase in CYP2B1/2 were abserved
compared 1o controls. ’

After 28 days at 1,500 mg/kp-day, a statistical increase in mean relative liver weight (10-14%,
not further specified) was abserved. CYP 2B1/2, CYP2ZEI, CYP3A1/2, and UDP-
glucuronosyltransterase activities were statistically increased by 2.9-, 2,0-. 2.1-. and 1.7-fold
respectively, compared o controls.  6-B-hydroxytestosterone was statistically increased by 2.1-
fold compared 1o controls, UDP-glucuronosyltransterase was sratistically mcreased compared to
controls.  Formaldehyde production was srutistically increased compared 10 controfs at 1,500
ma'kg-day after 28 days. Methyl t-butyl ether also indueed its own metabolism 2.1-fold at 1,300
m/kg-day after 28 days, and the authors noted thal this effect was consistent with the induction
of CYP2EL and CYP2BI. it should be noted that mean body weight was reduced by 12%
compared to cantrols at 1.500 mg/kg-day after 28 days.

The study authors concluded that methyl t-butyl ether induced mild increases in testosteronc
hydroxylase enzymes. Further, the increase in UDP-glucuronosyitransterase was consistent with
e centrilobular hypertrophy observed in rodents after repeated methyl t-buiyl ether expasures.
The decrease in serum teswsierone abserved following methy! t-butyl ether administration may
be the result of enhanced rtestasterone metabolism and subsequent clearance. However. the
authors stated that the most propounced effects were observed at the high dose of 1,500 mg/ky-
day, at which chinicat signs of wxicity and reduced body weight (12%) were also observed. The
authors further noted that since the increases in festosterone hiydroxylase enzyme activities were
generally mild. the hypothalamus-pitsitary  hormonal feedback lnop could be expected to

compensate for wild reductions in cisculating testosterone in vive.

Eight female B6C3F, mice per dose were given methyl t-butyl ether (> 99.93% purity in corn
oil} by gavage at 0 or 1,800 mgrkp-day for three duys (Moser et ai., [996). Food and water were
availuble ad dibitten. Eighteen hours afler the last dose. the mice were sacrificed and hepatoeyte
evtochromes were isalated.  Methyl Cbuyl cther induced o atatistical increase (37%) in totud
hepatic cytochrome P430 content. a 9-fold increase in hepatic 7-pentoxy-resorufin-0-deaikylase
activicy (0 CYP2B murkent and a 2-fold increase in hepiic 7-ethoxy-resornfin-O-deethy se
activity compared to controls.
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6.4  Elimination/Excretion

The elimination of methyl -butyl ether and t-butana! in expired air was investigated in seven
healthy inale volunteers who ingested 2.8 mg methy! t-butyl ether {unspecified purity) in 250 mL
Gatorade (Prah et al.. 2004). Gatorade was used as the vehicle to mask the unpleasant taste of
methy! t-butyl ether. Exhated air sumples were collected after 0, 3. 15, 30. 43, 60, 73. 90, 105,
120. 180, 240, 360, and 1440 minuwes, Mean levels of meihyt -butyl ether and tbutanol in
exhaled air were detennined using gas chromatography/mass specirosmetry,

Elimination of methy]l t-buwyl ether from expired air was best characterized by a three-
compartment model. The mean hati-life for methyl t-buty]l ether in expired air in the {irse
second, and third phases was 13.0. 63.1, and 234.0 minutes, respectively. The mean areg under
the curve ratio of t-butanol 1o methyl i-butyl ether was 0,175 in exhaled air. Since this swudy alse
inciuded the dermal and inhalation routes of exposure, the stedy authors suggested that these
pharmacokinetic estimates were useful in constructing a physiologically-based pharmacokinetic
model for methyl t-butyl cther in humans across different youtes of administration.

The wrinary elimination- of methyl t-butyl ether was examined in three healthy human volunteers
per sex administered 3 and 15 mg "*C-mnethyl t-butyl ether (> 98% purity) in spiked tap water
samples (Amberg et al., 2001). The different doses were administered four weeks apart. Urine
samples were collected for 96 hours after administration in six hour intervals, and blood samples
were taken i 60-minute intervals up w four hours, then at 120-minule intervals up w 12 hours,
and ultimately at 24 hours. Methyl t-butyl ether and t-butanol concentrations in blood were
determined. Urine metabolites, including the parent compound, -butanol. 2-methyl-1,2-
prapanediol, and 2-hydroxyisobutyrate were quantified.

AL S and 15 ing/kg, 46% and 49%, respectively, of the administered dose was eliminated in the
urine as uichanged methyl wbutyl ether, t-butavol, 2-methyl-1.2-propanediol, and 2-
hydroxyisobutyrate, The authors concluded that the kinetics of excretion afler oral exposure
were identical to concurrently conducted inhalation exposure studies.

In the same experiment. the respiratory elimination of methy! t-butyl ether was examined in three
healthy male volunteers administered 15 my “C-methyl t-buty) ether (> 98% purity) in 100 mL
tap waier samples (Amberg et al., 2001). Approximately 30% of the metbyl -buty! ether dose
was cleared by exhalation as unchanged methyl t-butyl ether and as t-butanol, Mcthyl t-batyl
ether exhalation was rapid and maximum concentrations of 100 nM in exhaled air were achieved
within 10-20 min. Less than 0.1% of the administered dose was recovered in expired air as "C-
acetone.  The study authors concluded that the resufts indicate that the biotransformation ind
excretion of methyl butyl etber after vral exposure s simitar to inhalation exposure and
sugaested the absence of a significant first-pass metabolism of methyt 1-butyl ether in the liver
alter oral administration,

6.5  Physiologically-hased pharmacokinetic models

Although several physivlogically-based pharmacokinetic madets have been constructed 1w modet
the behavior of inhaled methyl -buryt ether. modcls describing the behavior af methy! t-botyl
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cether after oral exposure are limited and usually include maultiple exposure routes. Kim et al.
(2007} developed a muiltiple-route (oral. inhalation and dermal) nine-compurtment model of
methyl t-butyl ether and t-butanol in humans basad on blood nigasurements of these compounds.
Borghoft et al. {1996) developed a multiple-route (oral, inhalation and intravenous) seven-
compartment model of mathyt t-buty! ether and t-butanol in F344 ras.

7.0 EFFECTS ON HUMANS

7.1 Case Reports

No recent case repurts regarding oral exposure to methy! t-buty! ether were identified.
72  Epidemioclogical Siudies

Epidemivlogical sindies of human populations eaposed under occupational us well as non-
occupational conditions. and experimental studies of human volunteers exposed under controiled
condijtions, have not been able to ideniify a basis for headache, eye and nose irritation, cyugh,
nausea, dizziness, and disorienration raported by consumeérs in some areas as a result of fueling
with pasoline (IPCS, 1998). Although resulrs are mixed, IPCS (1998) suggested that commubity
studies vonducied in Alaska, New Jersey, Connecticut, and Wisconsin provided FHmited or no
evidence of an association between methyl t-buty] ether expnsure and the prevalence of health
coinplaints.

In controlled experimental studies on adult vohumeers exposed in inhatation chambers to methyl
i-butyl ether at concentrations ranging from 5.0 mg/m” (1.4 ppm) to 270 mg/m“ (75 ppm), there
were no evident effecls on either subjective reports of symptoms or objective indicators of
rritation or other effects up to 180 mg/m® (50 ppm) for up to two hours (IPCS, 1998). Thus, it
appears unlikely that methyl t-butyl cther alone induces adverse acute health effewts in the
general population after inhalation exposure, However, the poteniial effects of mixures of
gusoline and methyl t-hutyl ether, and the manner in which nast persons are exposed 1o methyl
1-butyl ether in conjunction with the use of oxyeepated fuels, have not been examined
experimentally ar through prospective epidemiclogical methods.

8.0  EFFECTS ON LABORATORY ANIMALS AND [N VITRO TEST SYSTEMS

Numeraus regulatory organizations, inclwding European Chemicals Bureau (ECB, 2002), Office
of Environmental Health Hazard Assessment of the Cafiforaia EPA (OEHHA, 1999). the
Imemational Prograinme on Chemical Safety of the World Health Organization ([PCS. 1998).
the Buropean Center for Ecotoxicology and Toxicology of Chemicals (ECETOC, 1997}, the
Agency for Toxic Substances and Disease Regisiry {ATSDR. 1996), snd Health Canada (1992)
have critically reviewed the studies in laboratary anmimals for methyl t-bory! ether, This section
inctudes ounty the oral studies for methyl -butyl ether, due to their significance in the
development of litetime drinking waler levels for methyl t-binyl ether, since studies hy the
inhalation anc/or dermal routes have heen critically reviewed elsewhere,
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Mo evidence of hepatic peraxisome proliferation was observed in male rars administered methy!
t-buty{ ether via gavage at 800 mg/kg-day for 14 days. but increased mean relative liver weight
and minimal-to-moderate centrilobular hypertrophy were observed in male ras administered
methyl t-butyl ether via gavage at 1AO0 mg/ke-duy and above for 28 days. In male and female
rats administered high doses of methyl -buty) ether {1.250 ma/kg-day) via zavage for 23 duyvs,
statistically increased cholestero! levels of at least 209 compared to conurols were observed.

Short-term and Subchronic zavage expostres to methyl t-butyl ether were associated with
increased mean ahsolute and relutive kidney weights in male rats accompunied by hyaline
droplet formation in the renat proximal twbules. In rats administered meihy! 1-butyl ether at [80
mg/ke-day and above via gavage for 13 weeks, statistically increased mean blood urea nitrogen
levels of at least 15% compired 1o conirols were observed, Chronic gavage exposure 1o methyl
Lbutyl ether was assoeieted with an’ increase in Levdig ceil wmors in male rws and
leukemias/lymphomas (combined) in fermale rats.

8.1  Limited-Exposure Effects

Methyl t-butyl ether was found to be irritating to the eves and skin of rabbits, but did not induce
skin sensitization in guinea pigs.

§8.1.1 Yrritation and Sensitization Studies

Foliowing the application of 0.5 ml. of neat methy! t-butyl ether to the intact and abraded skin of
six Tabbits for 24 houss. u primary irritation index of 3.36 was reported, which was considered
“moderately” iritating to skin (IPCS. 1998). Moderate erythema and edema were observed.
Effects were slightly more pronounced on abraded skin. In mice. methy! t-buty! ether cun induce
slight 1o severe Tespiraery ritation foliowing inhalation of 300 to 30,000 mg/m’, respectively.

A 1% induction and challenge concentration of methyl (-butyl cther did nol induce skin

sensitization in twenty puinea pigs (IPCS, 1998).
8.1.2 Ocular Exposure Studies

Methyl t-butyl ether was irritating 1o the eyes of rabbits and caused mild, bul reversible, changes
(IPCS. 1998).

8.2  Sinple-Exposure Stndics
The oral (gavage) LDso for methyl -butyl echer is approximately 3.800 mg/kg in rats (IPCS.

1998) and 4.000 in mice (OEHHA. 19997, Signs of intoxieation after u single oral iethal dnse
consisted of central nervous system depression. alaxia, labored respiration. and death.
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8.3 Short-Term Exposure Studics
$.3.1 Three-Day Gavage Study In Female B6C3F) Mice

Eight female BGC3F, mice per dose were given methyl 1-butyl cther (> 99.95% purity in com
ail) by gavaye at 0 or 1,800 me/kg-day for three days (Moser et al., 1996). Food and water were
avuilable ad {ibinen. Eighteen hours afier the last dose, the mice were sacrifived and hepatocytes
were isolated for measurement of hepatocyte proliferation in vitre, expressed as the amount of 5-
breme-2’-deoxyuridine incorporation into heputocyle nuclei. The hepaiic labeling index was
calculated by dividing the number of labeled nuclei by the total pumber of nuclei and
multiplying by 100. Body weight and absolue and relative liver weights were also measured.
Body and liver weights were not affected by wrcatment, but methyl t-butyl 2ther induced a
statistical increasce in the heparoeyte labeling index of 6.5% eompared to 2.5% tn controls.

8.3.2 Fourteen-Day Gavage Study In Mule And Female Sprague-Dawley Rats

Ten Sprugue-Dawley rats per sex and dose were administeved 0. 357. 714, 1071, or 1,428
mg/ke-day methyl t-buryl ether (99.95% purity in com oil) by gavape for 14 days {Robinson et
al,, 1990). The high dose was selected because it was 379 of the LDs. Rats were housed
separately by sex and food and water were available ad Hbinun. Mortality and clinical signs
were monitored daily, Food and water consumption were ineasured throughout the study at
unspecified intervals. Body weighi was measured on Days 0, 4, 6. and 14 Hematology
paramerers and clinical chemisiry were conducted on all rals at study fermination. Hematology
included hematocrit, hemoglobin, mean corpuscular  volume, erythrocytes, teukocytes,
differential leukocyies, and reticulocytes. Clinical chemisury inciuded glucose. blood urea
nitrogen, creatinine, aspartate aminotransferase, alanine aminotranslerase, lactate dehydrogenase,
cholesterol, caleium, and phosphorus. Brain, liver, spleen, fung, thynus, kidney, adrenal, heart,
ovary, and testes weights were measured at study termination, and relative orgun-to- body-
weight ratios were calenlated. Gross necropsies were conducted-an all rats at study ermination,
Histological examinations were canducted on all control and high-dese rats at study termination,
and included unspecified “inajor orpans™.  If target histopathological organs were identilied.
these organs were also examined histologically in the remaining dose groups.

At 357 mgkg-day, two males died. e the deaths were attribured to the gavage weainment.
Diarrhea was observed in treated rats, Mean creatinine was statistically increased by 16% in
mates compared © conrols.  Mean absolule (15%) and relative (16%) fung weights were
statistically lower in females compared © conrols.

At 714 meskp-day, diarrhen and statisticalfy reduced food intake (unspecificd wagnitide} were
observed in mates compared w controls. Mean kemoglobin (6%:), hematoerit (4%). dilferenrial
lymphoacytes (6%), and creatinine (16%) were statstically increased in males compared 10
controls,  Mean alanine aminolransferase (215} and cholesterol (22%) were statistically
increased and mean scrum calcivm (6%} was statistically decreased in females compared 1o
contrals. Mean absolute (11%) and velative (11%) Jung weights were statistically lower in
females compared to controls.  Mean absolute (12€) and relative (9% ) lung weighty were
statistically lower in males compared to controls.
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Av L0710 meskg-day, diarchea was observed in treated rats, Mean erythroeeytes (6%). hemoglobin
(6%, aspartate aminoiransferase (43%). and Jactate dehydrogenase (78%) were staistically
increased, and mean differential monocyles (33%) were statistically decreased in males
compared lo contrals. Mean cholesterol (3458 was statistically increased in females compared
la controls, Mean absoltute (149} and relative (11%) lung weights were statistically lower in
females compared 10 controls,

At 1,428 mg/kg-day. two males and two females died, but the deaths were atiributed 10 gavage.
Diarchea and profound but transient (< twa houes} anesthesia were observed after dosing in male
and female rats.  Statistically reduced food intake {unspecified magnitude) was observed in
fernales compared to controls.  Statistically rediced reean terminal body weighr of 10% was
observed in females compared w contrals. Mean erythrocytes (79%), blood urea nitrogen {(14%).
aspartaie aminotransferase (38%), cholesterol (37%). and lactate dehydrogenase (63%) were
statistically fncreased, and inean ditferential monocytes (33%) were statistically decreased in
males compared w conrols. Memn glucose (15%) was statistically increased and mean blood
urea nitrogen (27%) and creatinine (20%) were stuistically decreased in females compared to
controls.  Mean absolute (229%) and relative (13%) lung weights were statistically lowar in
femaies compared to conteols. Mean absolute spleen (18%:) and mean absolute (20%) and
relative thymus (279} weights were statistically lower in femaies compared 10 conrols.- Mean
relative kidney (85¢) and brain (95 ) weights were statistically higher in females compared o
controls. The incidence of hyuline droplet nephropathy in the renal tubules was “moderately”
invreased in dosed male rats, but no further details were provided, with the exception that
increased hyaline droplets within the cytoplasm of proximal rubular epitheiial cells were noted in
718 (B89%) high-dose males compared with 2/5 (40%) controls.

£.3.3 Fourteen-Day Gavage Studies In Male Sprague-Dawley Rats

In a l4-day gavage study, de Peyster at al. (2003) examined whether methyl t-butyl ether
exposure could induce hepatic peroxisome protiferation. sinee other chemicals thar cause Leydig
cell tumors in ras were also shown 1o induce peroxisome preliferation.  Six male Spravue-
Dawley rats per dose were adininistersd methyl Gbutyl ether (> 9985 purity in corn oil} via
gavage at ) or 800 maskg-day via gavage {or 14 days. Positive control rais were administered
gemlibrozil via the diet. Hepatic peroxisomes were isolated from liver sections and provessed
for peroxisomal Peoxidution and examined with an eleciron inicroscope.  Terminal blood
samples were collected {or measurement of cholesterol, triglyceride, alunine aminoransferase,
and aspartate aminotransferease,  Liver weights were imeasured, and relative liver-lo-body-
weight ratios were valculated.  According to the study amhors, there were no statistical
ditferences between trested and vehicle conwol rats, but not all of the data were provided, It
should be noted that although thie methodology stated that methy! t-butyl ether doses of B0}
mg/kg-duy were administered, the results section indicated that methyl t-butyl ether doses were
I 00t mg/ke-day.

Ten male Sprague-Duwley rats per dose were administered methyl 1-buryl ether > 9985 purity
in corn oily via gavagse w O or 1,200 mg'ke-day for 14 days (de Peyster el al.. 2003). This dose
was deterained in previous experiments to tower ciretlaing restosterone Tevels without affecting
body weight.  Liver. lestes. accessory sex organs {unspecified). and brain weights were
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measured. Tolal protein contestt and P30 captent in hepalic microsomes was determined, and
hepatic microsonial aromatase activity was measured.

In rais reated with 1.200 mg/kg-day methyl t-butyl ether, a statistical increase in mean relative
liver weight of 13% was observed compared to comtrols.  Although hepatic PAS(G content was
comparable 10 contrals. hepatic microsomal aromatase activity was decreased by 36% compared
to contrals.

8.3.4 Fifteen-Day Gavage Study In Male Sprague-Dawley Rats

Fifieen male Sprague-Dawley rals per dose were administered O or 1,500 mg/kg-day methyl t-
bulyl ether (> 99.9% purity in com oil) via gavage (or 15 days (Williams and BorghuofF, 2000;
Williams et al., 2000). Ar swuily sermination, the rats were sacrificed. body. adrenal. kidney,
epididymides, lestes, prostate, piuitary gland, seminal vesicle, and liver weights were
determined, and histeputhological examination of the liver. kidneys. tesles, and adrenals was
conducred.,

There were no treatment-related dealhs. Peaths atrributed to gavage, which were confirmed at
necropsy. were primarily limited o the high-dose rats. Statistically increased mean absolure and
relative adrenal weights of 13% and 17%, respectively, were observed at 1.500 mg/ka-day
compared 10 controls. Minimal-to-moderate centrilobular hypertrophy was observed in 8/12
treated rats, but not in comrols.  The hypertrophy was characterized as increased size and
cytoplasinic cosinophilia of hepatocytes that were oriented around central veins, which at rimes
extended into the midzonat region of the lobule. The severity was dose-reluted and ranged from
minimal © moderate, and the aotdiars suggested that the effect was similar o that observed with
phenobarhital adiinistration, Protein dropiet nephropathy of the kidney was observed in 11/12
treated rats and 1/135 controls.

%.3.5 Three-Week Gavage Study In CB-1 Mice

CD-i mice were administeved methyl -buty! ether via savage five days per week for three weeks
{(Ward et al.. 1994). This study was not available. but OEHHA (1999) and ATSDR (1996)
indicated that no effects on body weight or unspecified reproductive paramerers were observed at
doses up to 1,000 ing/kg. and thus identified the NOAEL as 1000 mg/kp (or 714 maske-day).

3.4  Long-Term and Chranic Exposure Studies

Subchronic gavage exposures o methyl t-buty! ether were assoctted with inereased mean
absolue and relative kidney weights in male rats accompanied by hyuline droplet formation in
the reual proximat wbules, In mude and female rats administered methyl Lbutyl ether ar 2100
mg/kg-duy via gavage for 90 days, siatistically increased mean blood urea nitrogen levels tn of ar
least 13% compuared 10 canirols were abserved. Chronic gavage exposure 1o methy! 1-butyl ether
wis associated with an increase in Teydig cell cumaors in male rits and leukemins/ymphormas
frombined) in female rals.
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8.4.1 Subchroqic S{udies

8.4.1.1 Four-Week Studies In Sprague-Dawley Rats

Ten Spragee-Dawley rals per sex and duse were administered methyl r-butyl ether (nispecitied
purity unspecified I water vehicle) via gavage at 0, 90, 440, or 1,730 mg/kg for five days per
week tor four weeks (Johnson et al.. 1992: Klan et al., 1992). These doses were approximately
equivalent to (), 64, 314, or 1.250 mg/kg-day, Rats were housed individually, and food and water
were available ad libimm. Mortality and clinical signs werg monitored daily. Body weights
were measured weekly. Hematology and elinical chemistry were conducted on all rais av study
termination. Hematology included ervihrocytes. platelets, leukocytes, differential fenkocyres.
hemoglobin, hematacrit, mean corpuscular hemoglabin, mean corpuscular volume. globulin, and
albumin/globulin rario.  Clinical chenistry included  glucose, creating Kinase. alanine
aminoimnsferase, aspartate  aminotransferase, alkaline phosphatase, blood urea nitrogen.
creatining, sodium, poutasium, caleiuni. chiloride, total protein and bilirubin, atbumin, cholesterol
and triglycerides.  Adrenal, brain, ovary. testes, hewrt, kiduey. liver, and spleen weights were
measured, and relative organ-to-body-weight ratios were calenlared. Gross necropsies were
perforined on all rats at swdy termtination. Histological examinations were condueted on all
contrel and high-dose rats at siudy termination, and included \be adrenals, aoriu. brain, cecum,
colon, ducdenum, epididymides, esophagus, eye, heart, ileum. jejunwin, kidneys, liver. Iung,
mammary glands, muscle, nerve, ovaries, pancreas, piruitary, prostate, rectum, sativary gland,
seminal vesicle. skin, spleen, stoinach, testes, thymus, thyroid/parathyroid, trachea, urinary
bladder, and wterus. [f effects were noted. the same organs were examingd in the fower doses as
well.

No non-pavage-refated deaths occurred ut any dose. At 64 mg/ke-day, transitory (<one hour
after dosing) salivation was observed in several rats. Mean corpuscular hemoglobin was
statistically increased in femules by 4% compared to controls. Mean alkaline phosphutase wus
statistically increased in males by 15% compared to controls. Mean relative kidney weights were
increased in females by 6% compared w san(rols.

At 314 mg/kp-day. rransitory (<one hour alter dosing) salivation was observed in all rus. and
hypoactivity and/or alaxia was observed in several rats. Mean erythrocytes were statistically
increased in males by 6% compared to controls. Mean relative kKidney weighis were slatisticall y
increased in males by B% compared ta controls.  Hyaline droplet formation in the proximal
comvoluted Wwhules was observed in 7711 males,

At 1250 mg/kg-day. trunsitory (<one hour after dosing) salivation was observed in all rats. and
hypoactivity andfor ataxia was vbserved in several rals, Mean corpuscular hemoglobin was
statistically inereased in females Ly 3% compared to contols.  Mean otal proein way
statistically tncrensed by 8% in females compared o contrals, and cholesterol was statisticaliy
increased in males by 206 and females by 26% comparad o conrols. Mean relative kidney
weights were increased in males by 134 and females by 17% comparcd o conwals.  Mean
relative liver weights were increased i males by 8% and females by 12% compared to contrals.
Mean relative adrenal weights were increased in males by 19% compared to conwols, Hyaline
droplet formation in the pregimal convoluted fubules was observed in 910 males.  Various
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effects in the stomack, including submucosal edema. subacute inflammation. epithelial
hyperplasia. and ukceration were observed in up to 4/7 males and 5/{0 females. The effects wore
largely contined to the forestomach,

The study authors eoncluded that the hyaline dropler formation in the proximal tubules in males
was atributable to o-2p-glebulin nephropathy. which was not relevant 1o humans.  Further. the
stomach lesions were atiributable to tocal irritation, which was not considered a direct result of
systemic Wxicity.

Fifteen male Sprague-Dawley rats per dose were administered 0, 230, 500, 1000, or 1,500
mg/kg-day methyl -butyl ether (> 99.8% purity in com oil) via gavage for 28 days {Williams
and Borghoff, 2000; Williams et al.. 2000), At swdy termination, the rats were sacrificed, hody.
adrenal, kidney, epididymides, testes, prostade, pituinary gland, seininal vesicle, and liver weights
were determined, and histopathological examination of the liver. kidneys. lestes. and adrenals
wis conducted.

There were no weatment-related deaths, Dearbs aliributed w gavage, which were confinned ot
necropsy, were primarity limited to the high-dese rats. At 250 mg/kg-day. statistically increased
mean relative kidney weights of 10% were observed compired (o controls, Minimal-to-moderate
centrilobular hypertrophy was observed in 1715 weated rats. bui nwot in controls, The hypertrophy
was characrerized as increased size and cytoplasmic eosinophilia of hepatocytes that were
oriented around ventral veins, which at times extended into the midzonal region of the lobuie.
The severity was dose-related and ranged. trom minimatl to moderate. and the avthors suggested
thar the effect was similar \o that observed with phenobarbiial administration. Protein droplet
nephropathy of the kidney was observed in [2/]5 treated rats, but not in controls.

At 500 mg/kg-day, satistically increased mean relative kidney weights of 9% were observed
compared fo controls. Minimal-to-moederate cenrilobular hypertrophy was observed in 10713
treated rats, but not in cantrols. Protein droplet nephropathy of the kidney was abserved in 15/13
treated ratx, but not in controls.

At 1000 mgfkg-day, statistically increased mean absilute and retative kidney weights of 10%
and 16%, respectively. were ubserved coinpared to controls. Staristically increased mean relative
liver weights of 10% were observed compared to controls, The wereased relative liver weight
was accompanied by minimal-to-moderate centrilobular hypertrophy in [1/13 wearted rats, bt
not in controls, Protein droplet nephropathy of the kidney was observed in 12/13 treated rats. but
not in controls.

At 1,500 mofkg-day, mean body weight was reduced by 12% compured to controls.  Statisuically
increased mean relalive kidney weights of | 8% were observed compared 1o controls, Statistically
increased mean relative liver weights of [4% were observed compared to controls. Statistically
increased mean relative lestes weights of 15% were observed compared 10 controls. The
increased relative liver weighi was accompanied by minimal-to-moderare  centrifobular
rypertcophy in 1111 treated rats. bot not in controls. Increased mean relative kidney weights.
accompanied by protein droplet nephropathy of the kidney, were observed in 10/11 veated rats.
but not in controls,
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8.4,1.2 Thirteen-Week Or Longer Studies In Sprague-Dawley Rats

Ten Sprague-Dawley rais per sex and dose were administered methy! t-buiyl ether (> 99.93%
purity in corn oil) via gavage ar 0, [G0, 300. Y00, or [.200 mg/kg-day for 90 days (Robinson et
ak., 19%)), Rats were housed separately hy sex and food, and water was available ad [bitum.
Mormlity and clinical signs were monilored daily. Food consumption was measured once a
week and water consumption was measured three times a week. Body weight was mmeasured
twice a week. Hematology and clinical chemisiry were conducted on all rats at study
termindtion,  Hematology included hematocrit, hemoglobin, mean corpuscular  volume,
crythrocyies, leukocytes, differential leukocytes. and reticulocytes. Clinical chemistry included
zlucose, blood urea nitrogen, creatinine. aspartate aminotransferase, alanine aminotransizrase,
factate dehydrogenase. chalesterol, calcimm, and phosphorus. Brain, liver, spieen, lung. thymus,
kidney, adrenal, heart, ovary, and tesles weights were measured ai study terminatton, and relative
organ-to-body-weight tatios were calculated. Gross necropsies were conducted on aff Tats at
study termination. Hisiological examinations were conducted on all control and high-dose rats at
study termination. and included unspecified “wajor organs™. if targer histopathological organs
were identified, these organs were also examined histolegically in the remaining dose groups.

This study was not designed to meet cuwent G.S. EPA (2007b) Health Effects Testing
Guidelines, since hematology did not inelude a measure of clotting potential, and clipical
chemistry did not include albumin, alkaline phosphatase, gamma glutamyl ransferase, globoiin,
sorbitol dehydrogenase, bilirubin, protein. ar serum chioride, magnesium, potassium, or sodium,
Further, urinalysis was not conducted, and organs examined histologically were specified only as
including “major organs™.

At 100 mg/kg-day, one male died, bur the cause of death was not specified. Diacrben was
observed in male and female rats. Water consumption {unspecified magnitude? was suatistically
increased in Females compared t© controls. A statistical decreuse in blood wrea nitragen was
observed in males (+3%) and fenales (20%).

At 300 mg/kp-day, one female died, but the couse of death was not specified.  Diarrhea was
observed in male and female rats. A statistical decrease in blood vrea nitrogen was ubserved to
maley (20%) and femules (33%3. A swatistical decrease in plucose {17%) and lactate
dehydrogenase (62%) und an increase in cholesterol (11%) were observed in females, A
statistical dacrease in creatinine (1393 and an increase in aspartate aminotransferase (3d%) were
ohserved in males. Meun abwolute (4%) and relative (442) brain weights were statisticaily
increased in males compared to conuals, Mean relative kidney weights {10%) were statistically
increased in females compared to cantrols.

At 900 mg/ke-day, two females and one male died, but the cause of death was not specified.
Diarrhea wag observed in male and female rats. Food consumption (unspee ified magnide) was
statistically increased in females compared to controls. A statistical decrease in blood urea
nitrogen was vbserved in males (18%) und Jemales 135%). A swstistical decreasc in mean
glicose (13%) and lactate dehydiogenase (16%) and ag increase in cholesterol (31%) were
observed in females compared to controls. A sntistical decrease in mean creatinine (26%) and an
incrcase n cholesrerol (2246 and Jactate dehydrogenase (3% ) were observed in miales compaved
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w controls. Mean absolute (14%) and relative (13%) kidney weights were statistically increased
in males compared to controls. Mean refative liver weights (13%) were statistically increased in
males compared to controls. Mean relative heart £11%), liver (124%). kidney (13%). and thymus
(33%)} weights were statisticafly increased in females compared to conlrols.

At 1.200 mp/kp-day. four females and one male died, but the cause of death was not specified.
Diarrhea and a profound but transient {<iwo hours) anesthetic effect were observed in male and
fenmale rats.  Water consumption (unspecified magnitude) was staiistically inereased in males
and females compared 10 controls. A statisticul decrease in blood uren nirogen was observed in
males (18%) and females {17%). A slatistical decrease in mean glucose (24%) and lactute
dehydrogenase (16%) and an {ncrease in cholesterol {20%) were observed in females compared
w controls. A statistical decrease in mean creutinine {19%) and an increase in aspartuge
aminotransferase (33%) were observed in males compared (o controls.  Terminal mean body
weight was statistically reduced by 9% in males compared to controls. Mean absolute (18%) and
relative (21%) kidney weights and mean absolute (9%} and relarive (13%) lung weights were
statistically increased in male rags compared o controls.  Mean refative liver weights (129%) in
males and kidney (129%) and adrenal (23%) weights in females were statistically increased in
male rats compared to conrols. According to the authors, microscopic findings included chronie
nephropathy in both control and high-dose male rats. These changes. such as renal tbukar
degeneration, were more severe in treared ruls than control rais. Renal tubules plugged with
granular casts were found in 5/10 high-dose males. and t0/10 males exhibited slight increases in
cywoplasmic hyaline droplets in proximal tubular epithelial cells. No further details regarding the
renal changes were provided.

Ten male Sprague-Dawley rats per dose were administered 3, 200, 606, and [ 000 mg/ke methyl
-butyl ether (98.8% purity in soyhean oil) by gavage for five days per week for 90 days {Zhou
and Ye. 1999). These doses were equivalent to 0, 143, 428, or 857 mo/kp-day, respectively.
Body weight and food and water consumption were measured weekly. Clinical chemistry was
conducted at  study termination and  iscluded aspartate  aminotransferase.  alanine
aminotransferase, lactate dehydrogenase, total protein, albumin, globulin, albumin/globulin ratio,
blood urea nitrogen, and cremtinine.  Liver, Kidney, testes. und lung weights were measured at
study termination. Gross necropsies and histopatholagical examinasions were conducted at study
termination, and included the liver, Kidney, testes. end lung, Liver sections were also examined
under an electron microscape. :

This study was not designed to meet cureent U5, EPA (2007b) Heusith Effects Testing
Guidelines, since only males were evaluated, hematology was noi conducted. and elinical
chemistry did not include alkaline phosphasase, pamma sluamyl ransferase, glucose, sorbitol
dehydrogenase. total bilirubin, total cholestersl. or serum clectrolytes, Further, urinalysis was not
conducted: splecu. heart. gvary, and brain weights were not measurcd: and histopathology
teluded only the [liver, kidnaey, testes, and fung,

AL 143 mgikg-day, mean absolute and relarive liver weights were stutistically increased by 12%
and [4%. respectively, compared o controls. Lactate dehydrogenase was statistically decreased
£324%) ar the Tow, but not mid or high doses compared to coptrols.  Aspartite aminotrinsterase
wis statisticlly inereased by 31% compared to conrols, but within historical control” ranges.
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Histopathelogical examination in ireated rats was comparable to controls, Electron microscopy
of the tiver revealed nuclear condensation, fat droples, lysosume appearance in cells. and
smooth endoplasmic reticulum disintegration. but the magniwde and number of animals affected
was not specified. The study authors did. however, indicate that more severe changes were
observed at higher doses.

AL 428 mg/kg-day, mean absolute and relative biver weights were statistically increased by 18%
and 15%, respectively, compared 0 comrols. Mean relative Ridney weight was statistically
increascd by 6% compared o controls, but no accompanying renal pathology was observed.
Aspartate amninotransferase was statistically increased by 29% compared o controfs, but within
historical conuol ranges, Histopathological examination in treated rats was comparable to
controls.  Electron microscopy of the liver revealed nuclear condensation, fat droplets, lysosome
appearante in cells, and smooth endoplasmic reticulum disintegration. but the magnitede and
number of animals affected was not specified. However, the study authors indicated that more
severe chunges were observed at higher doses.

At 83T mg/kp-day. mean absolute and relative liver weighis were statistically increased by 21%
and 22%. respectively. compared o controls. Mean absolute and refative kidnay weights were
statistically inereased by 12% and 13%. respeetively. compared lo controls, but no
accompanying renal pauthology was ohserved.  Aspartate aminowansferase was statistically
increased by 27% compared to controls. but within historical conuol ranges. Histopathological
examination in treated rats was comparable to controls.  Electron microscopy of the liver
revedled nuclear condensation, far droplets. lysosome appearance in cells, and smooth
endoplasmic reticwlum disintegration. bul the magnitude and number of animals affected was not
specified. However. the study awthors indicated chat mare severe changes were observed at
higher doses.

8.4.2 Chronic Studies

Sixty Spraguc-Dawley rats per sex and dose were administered £}, 250, or [ {00 mg/kg methyf t-
butyl ether (> 99% purity in extra virgin olive oil} by gavage four times a week for 104 weeks on
a weeldy schedule of two days dosing, ong day without dosing. two days dosing, and two days
without dosing {Belpoggi et al.. 1995; 1997). These doses were approximartely equivalent to
daily doses of (0, 143, or 571 mg/ke-day. The animals were housed five per cage and kept under
ubservation until natural deszh. Food and water were available ad fibirum. Mortality and clinical
signs were monitored dJaily.  Food and water consumption and body weight were measured
weekly for the first 13 weeks and twice monthly thereafter until 112 weeks. Thereafter. hody
weights were measured every cight weeks untl death. Gross necropsies were performed on all
rats atter natwal death.  Histopathological examinations, which were performed on all ruls after
nawral death, included the aorta, adrenals. bone. bone marrow, brain. bronchi, cecum. colon,
diaphragm. duodenum. esophagns, eye. Harderian gland. heart, Heum. jejunum. kidneys, liver.
lung, lymph nodes (mediastinal, subcutaneous. mesenteric), maminary glands. muscles. nerve,
ovarles, pancreas. pharynx. (uryax. pitaitary, prostate, - salivary  gland,  seminad  cesicle
subcuraneous tissue, skin. subcutaneous Ossue. spinal cord. spleen. stomach., tesles, thymus.,
thyroidfparathyroid. tongue. frachea. urinary bladder. otenus. Zymbal aland. and gross fesions.
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This study was not designed to meet current 1.5, EPA (2007b) Health Effects Testing
Guidelines, since the dosing occurred on a four-day per weck schedule, with two days dosing,
one day without dosing, two days dosing, and two days without dosing. Fuither, since no results
for hematelogy, clinical chemistry. urinalysis, or organ weights were reported, it was presumed
that these parameters were not exarnined. Histology did not include the  aorta, bone, bone
marrow, eye, mammary glands, muscles, nerve, seminal vesicle, or spinal cord. The twmor
incidences reported in this study were reviewed by Belpoggi et al. {(1998) after a re-evaluation of
the histopatholopy slides,

Ar the low dose, survival at the end of the reatment period (104 weeks) was 35% in rreated
females compared to 48% in controls. Survival at the end of the treatment peried (104 weeks)
was 30% in low-duse males compared 10 3U% in controls. There was a statistical increase in
Iymphomas and leukemias combined (7/51) in female rats compared to contrels Y58y The
individual incidence of lymphoinas or leukemias was not indicated. The lymphatic rwmors were
accompanied by an increase in dysplasric proliferation of lymphoreticular tissue, which was
characterized as hyperplastic lymphoid tissues at various sites, in which atypical lymphaoid cells.
usually lymphoiminunoblasts, isolated and/or sggregated in small clusters. were observed, An
tnereased incidence of uterine sarcomas was observed in law-dose females. but not high-dose
females. cornpared ta controls.

At the high-dose, survival at the end of the tremtment period (104 weeks) was 28% in treated
females compared to 48% in controls. Survival at the end of the treatment peried (104 weeks)
was $2% in high-dose males compared to 30% in controls. There was a statistical increase in the
incidence of testicular Leydig cell (interstitial cell) tumors in male rats compared to controls. The
incidence was 3/26, 5725, and 1 1/32 in control, low-, and high-dose males (based on the number
of ruts surviving at the pcevrrence of the first Leydig tumor. which was 96 weeks). In female
rats, there was a dose-related statistical increase in lymphomias and leukemias combined (12/47)
cownpared to controls {2/58). and an increase in dyspiastic proliferation of lymphoreticular tssue.
The study authors reported that the range of the lymphatic tuwmors in females in this siudy was
within the historical control incidence for these tmors in female Sprague-Dawley rats from
studies in their laboratory (below 10:).

The study authors reported that “no treatment-related non-oncological pathological changes were
detected by gross inspection and histological examination”, but the data were not provided.

83  Studies of Genntoxicity and Related End-Points

The genotoxicity dasa for methyl 1-butyl ether have been crivically reviewed by ECB (20023,
OEHHA (1999), [PCS (1998}, ECETOC (1997). and ATSDR (1996). The weight of evidence
supgests that meihyl Fbutyl ether fas some genetogic potential. Methyl tbuty] ether has been
tested in mutagenicity. chromosomal uberration. micronucleus, sister chromatid eschange. DMNA
damage and repair, aud DNA strand break assays. Methyl 1-buty! ether was not motagenic in
saveral Solmonella veverse mettation assays. alkhough one assay was positive in TATG2. Methyl
i-huty| ether was also positive in a mouse lymphoma el forward mutation assay. possibly due o
the metabeolism of methyl t-buryl ether o formaldehyde. Methy! Lyt ether was negalive inin
vive and in virre chromosomal aberration assays, but equivocal results were ohserved in a sister
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chromatict exchangs asszy in virre. Methyl t-butyl ether was negative in in wive and in viro
mouse micronucléns assavs and unscheduled DNA symhesis assays. and an in vivo DNA repair
assay, although mnethyl t-butyl ether was positive in a DINA strand break assay in rat lymplocyles
in vive und human lymphocytes in virro. DNA adduct formation was observed in mive given
single gavage dose of mwihyl huly! ether.

8.5.1 Mutagenicity Assays

Methyl t-butyl ether was not muragenic in Selmonella reverse mutation assays and tissue enhiure
muiation assays, and was negative in a Drosophile sex-linked recessive assay (OEHHA. [999).
Methyl t-bury! ether was positive in ane Safinonelle reverse mutation assay in serain TA 02 and
negative in eipht other Selmonella reverse mutation assays, two of which included TA102
{ECB, 20023, In a study by Williams-Hill er al. (1999). methy! -buiyl ether {99.9% purity) was
weakly and moderately positive in TAII2 without and with metabolic activarion. respectively.
Addition of formaldehyde dehydrogenase reduced the mutagenic potential, suggesting that the
formaldehyde metabolite was partially responsible for the positive resull. A well-conduered
study by MeGregor el al. (2003) failed 1o replicate the positive result for methyl t buty[ ether in
Salmonelia TA102.

According fo ECB (2002), muthyl t-butyl ether was evaluated in an in vrre forward mutation
agsay in mouse L3178Y TK+/- lymphocytes at concentrations of 0.39 w 6.25 ul/mi with and
without metabolic activation with the liver 89 fraction from Fisher-344 rats (ARCO, 1980;
Muckerer et al., [996). After a two- o three-day recovery and expression period, lymphocytes
were plated and incubated with methyl t-butyl ether (9656 or 99% purity} for 10 days. The tofal
number of resistuil colonies was counted, and the rato (o cells prowing in non-selestive meditm
was determined and characterized as the inutant frequency. Five paraflel assays were conducted.
Methy! t-butyl ether showed a siatistically and dose-dependently increased mutation frequency in
the presence of metabolic activation when compared o controls, Mackerer et al. (1996) then
investipated the possible role of formaldehyde in the utagenic events. The authors exposed
mouse [ymphoma cells to coneentrations of methyl t-butyl ether from 1 1o 4 ul/ml for three hours
and added formaldehyde dehydrogenase with its co-lactor NAD+, both of which convert
formatdehyde 10 non-mutagenic formic acid. thereby eliminating possible mwagenicity resulting
from formaldehyde. The results showed that the matation trequency did not increase when
formaldchyde dehydrogenase and its coenzyme were present, while there was a five-Toid
inerease in its absence.

ECB {2002} reponed (hat methyl t-butyl ether way evalualed in two separate studies tor the
ahility to induce mutations af the hypoxanthine-guanine phosphoribusyl transferase locus in
Chinese hamster V79 cells with and withour metabolie activation. In the studies by Life Science
Reseurch (1989) and Cinelli et al. (1992}, no staristical incrense in mwiation Frequency was
nbserved compared o conmrols.

8.5.2 Assays of Chromosomal Damage

dathyl t-butyl ether was negative in f# viso and fo vine chromosomat aberration assays (ECB,
2002: OTHHA, 1999). and in an iz virre sister chromatid exchange assuy (QFEHHA, 1999), ECB
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(2002) considerad the results [rom the in virro sister chromatid exchange assay 10 be equivocal.
since there was a significant increase of sister chromatid exchinge frequency i one of the 1wo
replicates at lul/ml methyt t-butyl ether (99% purity). However, because there was omly a small
merease of sister chromatid exchange inducrion with e positive control. Lhe test was repeated.
and repeat tests failed to confirm the positive result (Linon Bicnetics. 1980). Further, a
concurrent assay using melhyl tbutyl cther of 93% purity failed 10 demoustrated a statistical
increase in sister chromaticl exchange frequency compared (o controls,

8.5.3 Other Assays of Genetic Damage

Methyl -butyl ether was negative in i vive and in vitra mouse micronucleus assays (EC13, 2002;
OEHHA. 1999, in vive and in virre unscheduled DNA synthesis assays, ad an in viveo DNA
repair assay (OEHHA, 1999).

ECB (2002) reported that methyl t-busyl ether was positive in one and negurive in twa
unscheduled DNA synthesis assays in primary rat hepatocytes and in virro, In the positive study,
meihyl t-butyl ether was evaluated farunscheduted DNA synthesis in primary rat hepatocytes
isulated from two male Sprague-Dawley raes (Zhou et al., 2000). Hepatocytes were incubated
with §, 260, 600 or 1,000 ug/m} methyl t-buty! ether (98.8% in dimethylsuifoxide) and 5 pCi/mL
[*H]-methythymidine for three hours at 37°C. Radivactivity was measured with a liquid
scintillation spectrometer. Concorrent negative, vehicle (dimethylsulfoxide) and posirive contrals
imechlorethamine) were included. At 0, 0.2, 0.6 or I mg/mi., the radicactivity (counts per
minute) was 712, 777, 1301, and 1,437 CPM, respectively. The highest dose was statistically
significant when compared 1o vehicle controls.

Methyl t-butyl ether was evaluated in the single cell gel electrophoresis assay (comet assay) in
virro for the ability to induce DNA swand breaks in human lymphocytes (Chen et ak., 2007). The
assay was conducted under neutral and atkaline pH conditions. Lymphocytes isolated from the
blood of une healthy fernale donor were incubated with methyl tbutyl ether (unspecified purity
in dimethylsutfoxide) at 0, 0.03, 0.1, or 0.2 mM for vue hour. After cell viability was determined
to be »95%, one hundred comets on each of tripiicute slides were scored visoally according tor
ihe relative intensity of the tail. An imensity score from class 0 {undamaged) to class 4 (severely
damaged) was assigned to each cell. Thus, the total score for the 100 comelts could range rom 0
o 400, The extent of DNA damage was analyzed and scored by the same expericnced person.
Solvent and positive confrols were included. The mean DNA damage score was sratistically
increased ut all doses compared o controls (18%. 24%. and 26%. respectively, under alkaline
conditions and 47%, 635, and 78%, respectively. under neuwtra) conditions).

Moethyl t-buty! cther was evalvated in the alkaline single cell gel electrophoresis assay (comet
assay) in vive for the ability to induce DNA strand breaks in rat lymphovyies (Lee et al., $993).
Nine male Spragoe-Dawley rats per dose were administered methyl -buiyl ether via gavage ar 0.
4), 400, or 800 mg/ke for 28 days. Lymphocytes isolated from trunk blood were analyzed for
IDNA strand breaks and scored for apoptosis freguency,  Cywioroxicity (or viabili) was
determined by the trypan blue exelusion method. Viahility was grearer than 90% in all groups,
Measures of DNA-sirand breakage, such as wil length and fail moment, were significantly
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increased at 800 mgrkg compared 1o controls, As this publication was an abstract, and a full
publication was rot identified. ro further details were avatiable,

The potential DNA addeet formaion has been examined in male Kunming wice given C-
methyl -huy? ather (293% pority at ap 1o L9 meike (Y et al, 2007) ar 8 matke (Du e
al.. 2005) vig pavage. DNA was extracted six hours post-dosing frem jung, liver and kidney
sampies. DNA alducts were detected in a dose-rebared mannes in the Kidney and lang ot 33
mg/ke and above. The methyt group of methyl -butyl ether wats shown (o be the mredominant
pinding moiety in liver. while the metbyl grup and the reg-butyt group gave comparable
cotitributions o adduet formation in lung and Kidney (Yuan eraf.. 2007).

Tavicoli et al. (2002) investigated the ubility of methyl -butyl ether w induce cytotoxicity,
transformaiion, or apoplasis of rat fibroblasws i witre. In the cell proliferation and cytoxicity
assay, rat-1 normal rat tibroblasts were incubated with methyl t-butyl ether (59.8% purity) ar 8.4
x 30" 1w 84 mM for 48 hours.  After rinsing. the cultures were then exposed 1o 3-(4,5-)-
dimethylthiazol-2-y1)-2 5-diphenyl-letrazolium bromide (MTT) for two hours, The amount of
the colored formazan derivative that was formed was measared 1o determine cytotoxicity. Cell
viability after a fwo-day incubution was also deterinined. DNA content was measured using
flow-assisted cell sorting. Cell cyele analysis, to measure apoptosis. was conducted after a 48-
hour expasure to methyl t-butyl ether al the ICsy or 1710 of the TCsx (0.84 or (L0314 mM,
respectively). Twenty-four hour cell wanstormation assays were also conducted in C3H/10T 5
Cl 8 mouse embryo fibroblasts at methyl -butyl ethier concentrations of 0.336 and (.672 mdM,
with cimarette wbacco smoke serving as a positive eontial. These doses were selected since they
did not cause cell loss after 29 hours. All assays were performed in triplicate.

The 30% inhibitory concentration (ICsy) of methyl t-butyl cther on growth of rat fibroblasis was
determined to be .84 mM, Cell viabilty ar the ICsg or 1710 of the ICy (184 or 0,084 mM,
respectively) after 24 and 48 bours was statistically and dose- and time-dependemly reduced
compared to controls.  Methyl r-butyl ether also caused a dose-dependent reduction in the
nnber of cells in the G2/M phase of the cell eyele und an increase in the pereentage of cells in
the S-phase, indicating increased apoptosis. At 0.336 and 0.672 mM methyl t-butyl ether, a
statistical increase in the number of ranstormed cell foci in mouse embryo libroblasts of 2.1 and
2.5 times the contral, respectively, was abserved.

8.6  Reproductive and Developmental Toxicity Studies

MNo {n vive oral two-generation reproduction or developmental studies were identified for methyl
t-butyl ether. fn an attempt te characterize a poassible mode ol action Tor the Leydig cell tunwrs
cbservad in male rats alfter chronic gavage dosing, reproductive effects in male rats have recemly
been investigated in non-standardized repreduction studies. A single savage dose of methyl (-
buty! ether at approximately 300 mefkge-day resnlted in reduced circularing estosterone in male
rats during the hours immediately following dosing. In male rats treated with 1.200 mgike-day
methyl -butyl ether for 14 days. decreased mean tesosterone and Juteinizing hormoene and
‘increased esiradiol were observed, aleng with decrensed testicular microsomal arematase
activity, Repeuted exposure 1n 800 mg/kg-day methyl 1-bury! cther via gavage in imale raly was
associated with statistical reductions in circulating tesiosterane atter 28 days. High doses (> 50
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mM) of methyl t-butyl ether were also found 1o reduce basal aud human Chorfonic Gonadotropin
(hCG)-stimulated testosterone production in Leydig cells in virro,

One- and two-generation  inhalalion reproditctive studies in rats and four inhalmion
developmental studies in rats, mice. and rabbits are available for methyl t-buty! ether. These
studies have been reviewed by ECB (2002), OFHHA (1999). IPCS (1998). ECETOC (1997},
and ATSDR (1996). Specific reproductive effecis were not observed in rats at concentrations up
w0 28,800 mp/oi’. Methyl -butyl ether did not induce developmental effects at concemrarions
below those that were waternally toxic, Decreases in uterine weight and increases in estrogen
metabolism in mice have been observed at 28,800 mg/in* (IPCS. 1998).

Since the reproductive and developmental studies for methy! t-butyl ether have been extensively
reviewed by several other regulatory agencies. this section includes only the oral reproductive
und developmental studies {or methyl tbutyl ether, including those published since the varivus
regulatory reviews, However. none of the oral studies were standardized two-generation
reproduction or developmental sludies,

8.6.1 Reproduction Studies

No oral one- or two-generation reproduction studics were identified for methyl -butyl ether, bwn
cffects on. the reproductive organs have been investigated following oral exposure  methyl -
hutyl ether in non-standardized reprodection studies.

Potential westicular toxicily associnted with methy! 1-butyl ether was assessed in five male CD-1
mice per dose that received gavage doses of methyl t-butyl ether (unspecified purity in canota
oil) an Days 1, 3, and 5 at 0, 400, 1.000 or 2,000 mgfkg (Billitti et al., 2005). Testosterone levels
were measured on Day 6 fecal samples collected from all mice. Thereafler, mice were injected
with human chorionic gonadotwophin w stimulate maximum tesfosterone production and fecal
samnples were collected after one day. Body weight and serum testosterone were measured and
histological examination of the testes was included at study terminmion. Two hish-dose mice
died as a result of dosing error. All examined parameters in the tregied mice that survived were
comparable andfor nor statistically ditferent compared 10 controls.

Eight female B6C3E, mice per dose were given methyl t-butyl ether (> 99.95% pority in com
ily by gavage at 0 or |.800 mgske-day for three days (Moser el al.. 1996). Food und witer were
available ad fibinun.  Twenty-four hours afier the last dose, the mice were sacriliced and
hepatocytes were isolated for measurement of estrogen metabolism i virro, which was
expressed as the amount (nM) of §7-P-cstradiol metabodized! mig protein/ mrimnte. Methyl (-
butyl cther induced a two-fold statistical increase 0 the rate of estrogen wetabolism in vitre
compared to controls.

Six o eleven fenrate C13-1 mice per dose were administered methyl e-butyl ather via gavage at 0,
600, or 1.500 mi/ke-day tor five days elther with or withoul, subcuranreous administration of | ug
estradiol on Days 3-3 {Okahara el al., 1998). The authors reported that muethyl -butyt ether had
sume mild, but in some cises. seemingly opposite. activity under these conditions. bat no further
details were provided, At [.500 mg/kg-duy. detayed vaginal opening by Postnatal Day 26 was
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observed in half of the treated females. Mean relative uterine weights were statistically
increased in the methyl byl ether/esiradiol group vompared (o the estradiol alone contral
2roup, bur the dose level or inagnitde was nor specified. According to the authors, no ciear or
vonsistent eftect was observed in ulerine peroxidase activity or v ovarian, liver, or kidney
weights comnpared to controls. No further details were avajlable in this absrract. and 2 ful
publication was not located.

Twelve male Sprague-Dawley rats per dose were administered methyl t-butyl ether (> 99.8%
purity in corn oil) via gavage at 0, 1,000, or [,500 mg/kg every other day for a wotal of 14 doses
over 28 days (de Peyster er al., 2003}, The §.000 mg/ke dose was selected since it was the
highest dose in the Belpoggi et al. (1995} chronic savage study. and since this dose induced &
statistical increase in Leydig cell tumors in male rats compared te controls. The 1,300 mg/kg
dose was chosen since it was approximately the highest dose from a 90-day pavage study fur
methy! t-bury! ether by Rabinson et al. (1990). The experiment originally imcluded an untreated
and a vehicle-treated control group, but the results were ultimately combined into one control
group. Due o excess weight loss and one death, the {,000 and 1,500 mafkg doses ware reduced
to 300 and 750 mg/kg, respectively. starting on Day {3, The terminal doses were approximartely
cquivalent so 0, 357, or 336 mg/kg-day, This study was conduered 1o investigate the mechanism
of Leydig cell tumors induced in male rals after chronic gavage exposure 10 methy) t-butyl ether
in a stucty by Belpoggi et al. (1993), It has been suggested thar increased hepatic metabolism
through P430 enzymes results in increased steroid catabolism, resulting in reduced testosterone
cireulation,

Testosterone concentrations were measured on Day 1 and 14 {(ail blood) and 28 (cardiac
puncture). H the serum sample volume was sufficient, tenninal corticasterone was also measure
to determine whether the Leydig tumors were induced through an increased stimulation of
testicular glucocorticoid receptors. which can impair testosterone production. Liver, kidney,
testes, seminal vesicles. and epididymides weights were measured, and mean organ-to-bedy
weight ratios were ealeulated. Toral protein and total Pd50 were ineasured from isolated liver
microsomes., :

At study lermination, mean body weight gaip was 8, 3, L. and 0% in the ncgative congrol, vehicle
control, 3537 mg/kg-day, and 336 mp/ke-day groups, respectively. The Day | testosterope
concentration in rats administered 537 mg/kg-day methyl -butyl ether was statistically reduced
by approximately 705 compared to pooled controls (vehicle and negative. n=4 only). The Day
14 and 28 testosterone concentrations in wreated rats were not slalistically different compared to
controls. At swdy termination, mean absolute liver weight and toral microsomal protein in
treated rats were comparable 10 contrals, but mean liver P430 content {(mmol/mg protein and
nimol/g liver weighy) was sligluly. but statisticaily. increased in vats administered 537 my/kp-day
compared to controls. There was 4 24% increase in mmmob/mg P430 protein and a 35% increase in
nmal P43{/g liver weight compared o pooled controfs.  Mean corticosterone {evels on Day |,
I4, and 28 were not statistically <ifferent compared o pooled controls. but the sample size was
only about 4-3 rwis per dove, The authers concluded that high gavage doses of methy! -butyl
ether resull in reduced circulating restosterone i3 rats during the hours immediately following
dasing (4-3 hours). However. the increase in Tepatic P450 content did not result in reduced
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circulating eswsterone, as originelly hypothesized by the study authors. bt the authors could
not rule out other harmona) or metabolic compensatery mechanisms.

Twelve male Sprague-Dawley rats per dose were adiministered methyl t-butyt ether (> 99.8%
purity in corr oil} via gavage at 0, 40, 400, or 800 mg'ke-day for 28 days (de Peyster et al.. 2003:
Day et al., 1998). This study was conducted to further investigate the mechanism of Leydig cell
lumors induced in male rats after chronie gavage exposure o methy! i-buy! ether in a study by
Belpoggi et al. (1995).  Luteinizing hormone, profactin, testosterane, and corticosterone
concentrations were measured on Day 1 and 14 (tail blood) and 28 (trunk). Liver. pituitary,
wesies, epididymides, thyroid, adrenal. prostare, and brain weights were measwed, and mean
oraun-10-body and brain weight ratios were calculated.

At 30 mgfkg-day. mean plasma corticosterone was stutistically reduced by 28%: compared w0
controls on Day 4, but Whe corticusterone was not statistically different from controls at study
fermination.

At 400 mg/kg-day, rerminul mean body weight was statisticaly reduced by 7% compared to
vontrols. Mean plasma corticosterone was statistically reduced by -12% compared to controls on
Duy 14, but the corticasterone was not statisticatly different from controls at study termination.
Mean pitnitary weight was statistically reduced by 23% compared to controls.

At 300 mg/kp-day, terminal mean body weight was statistically reduced by 13% compared to
controls. Mean plasma corticosterone was statistically reduced by 43% comnpared to controls on
Day 14, At study termination. mean plasnia restosterone was statistically reduced by 35% and
mean plasma corticosterone was statistically reduced by 444 compared to controls. The mean
adrenal-to-body-weight ratio was statistically reduced by 20% compared to controls, The meun
thyroid-to-body-weight ratio was statistically reduced by 299 compared to controls.

Six male Sprague-Duwley rats per dose were administered methyl t-butyl ether (> 99.8% purity
in corm 0il) via gavage at 0 or 800 mg/ka-day for five days (de Peyster et at,, 2003). This study
was conducted to further investigate the mechanism of Leydig cell tunors induced in male raty
after chronie gavage exposure © methyl -butyl ether in a study by Belpogpi et al, (1995). The
effect of castration on the hypothalamic-piwitary axis was investipated using testoserone
implants in phosphate buffered saline (PBS) and four experimental groups of mufe rats. The four
groups consisted of sham implant (PBS) and 800 mg/kg-day methyl (-butyl ether via gavage.
sham implant (PBS) and com oil vehicle suvage. westosterone implant and 800 mefkp-day methyl
t-butyi ether viu gavage, and testosterone implant and com oil vehicle gavage, The amount of
testwslerone in each implamt was intended to tesult in average circulaling 1estosterone as in
nermal non-castrated yars. Lutenizing hormone. prolactin. and esiosicrone concentragions fram
the tail vein were measured four hows after the initial dose (Day 1) and two houry after Lhe final
dose (Day 3} Terminal prosiue and seminai vesicle weights were measured. The experiment
was repeated with a younger set of animals, reponedly 1o reduce lhe wnount of body weight
variation, since each testosierene implant containgd a standard amount of estosterone.

In the first experiment. the authors fosnd that circulining restosterone was higlier and lurenizing
hormene was lower in rats with testosterone implants compared 1o contrets. bur the differences
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were 1ot statistically significant. Since each testosterane inplant contained a standard zimount of
testosterone, the authors suggested that the results were confoundad by the difference in body
weights between the rats after the 3-day recovery period from the surgical implant, even though
prior 10 surgery, the rats were of comparable body weights. Thus, the experiment was repeated
with a younger set of animals, but the restihs of the first experimenr could not be duplicated and
may have been confounded by a small sample size. since one control rar gained a large amount
of body weight. Revognizing confounding factors, the authors concluded that there was no clear
evidence ot an effect on the hypethalamic-pitaiticy 4xis in cither experiment.

Ten male-Sprague-Dawley rats per dose were administered methyl t-buryl ether (> 99.8% purity
in corn oil} via gavage at & or 1,200 mgkg-day for 14 days (de Peyster et al., 2003). This dose
was determined in previous experiments to lower circulating testosterone levels withour atfecting
body weight. Terwminal plasma estradiol. Juteinizing hormone, and testosterone concentrations
were measured from munk biood samples. Testes and accessory sex urgans (unspecified)
weights were measured. Total protein content in testicular microsomes was determined, and
testicular microsomal aromatase activity wag also measured.

In rats treated with 1.200 mg/kg-day methyl -butyl ether. a swutistical decrease in mean
testosterone and luteinizing hormone of 51% and 10%, respectively, was observed compared to
controls, and a statistical increase in mean ostradiol of 26% was observed compared to controls,
Testicular microsoinal aromatase activily was decreased by 55% compared 10 controls,

Williams and BorghotT (200)) and Wiiliams et al. (2000) investigated the hypothesis thar methyl
t-butyl ether-induced decrease in serum testosterone levels in male rats inay be due in part to the
ability of methyt t-butyl ether w induce the melabolism of endogenaus testosterons and, hence,
enhance its clearance. Male Sprague-Dawley rats were administered 0, 250, 500, 1.000, or 1.5G0
mg/kg-day methyl t-butyl ether (> §9.9% purity in corn oil) via gavage for 15 or 28 days. Rats
were sacrificed one hour following the last dose, and serum and interstitial fluid testosterone, and
serum  dihydrotestosterone, 17-B-estradiol, prolactin, wriiodothyronine (T3, thyroxin (T4).
thyroid stimulating hornone, follicke stimulating hormone. and luieinizing hormone levels were
measured. Histopathology of ihe testes was performed in ali rats.

After 15 days at 1300 mg/kg-day, imerstitial fluid and serum testosterone levels (approxinatety
60% each, estismated from araph} and serum pralactin levels (56%) were statistically decreased
campared to controls,

After 28 days ar [.000 mp/ke-day, serum triiodothyrenine (T3) was staristically deereased by
19% compared to conlrols.

After 28 days at 1500 my/ka-day, serumn riiedothyronine (T3: 19%). lutcinizing hormone
(upproximately 20%, estimated lvom graph), and diliydrotestosierone (435 ) were statistically
decreased compared o controls,

No testieular lesions were observed at any dose level,  The mithor concluded that methyi t-buryl

cther causes mild perturbatiuny in T3 and prolacting however. the shovt-term (13-day). but nat
longer-lermn (28-day). decrease in testosterone and the mild increase in lateinizing hormone
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levels did not 11t the patiern caused by known Leydig cell tumorigens. sipee larger increases in
Jmeinizing hormone have been cansed by chemicals known 1o cause Leydig cell umors.

Ten CD-1 mitce per sex and dose wera given 0, 1, 10, 100 or 1,000 mg/ke melhyl t-buty] ether
(purity unspecified in corn oil) by gavage for five days per week for three weeks (Ward et al.,
1994). As this study was not available, this summary was based on IPCS (1998). These doses
were approximately equivatent to 0, 0.7, 7. 71. or 714 mg/ke-day. At study termination, the
mice were sacrificed and one twstis from each male and both ovaries from each female were
sectioned Tor cytological evahiation. [n males. sperm number. Sertoli cells, spermatogonia,
sperntatocytes, and capped sperinatids were evaluated. In females, ooeyte quality was assessed.
There were no effects of methy! t-butyl ether on any of the cell types examined. but no further
details were provided.  OEHHA (199%) and ATSDR (1996) indicated that the reproductive
NOAEL for this study was 1.000 mg/kg-day, but no further details were available. 1t should be
noted that OEHHA (1999) and ATSDR {1996) likely did not adjust for the less than daily dosing
regimen, and likely should have indicated the reproductive NOAEL as 714 ing/kg-day.

The effect of mnethyl -butyl ether on the 1estosterone production of Leydig cclls in culturc was
examined in virre by de Peyster et al. (2003). Levdig cells were isnluled from adult male
Sprague-Dawley rats and incubated lor theee hiours with €, 50, or 100 mM methyl t-buty! cther (>
99.8%% purity) or t-butanol, a major metabolite of methyl t-butyl etber. The same concentrations
were also tested with human Chorionic Gonadotropin (hCG), added to stimulate testosterone
production. Cell viability at the tesied concentrations was at least 85%. Testosterone production
after the three-hour exposure was measured by cadioimmunoassay. Aminoglutethinide was nsed
as a positive control, and the experiment was conducted in triplicate,

A statistical reduction in basal testosterone production of 56% and 76%, compared o cantrols,
was observed at 50 and 100 mM mnethyl -butyl ether, respectively, A statistic] reduction in
human Cherianic Gonadotropin-stimulated iestosterone production of 314 and 60%. compared
fo controls, was observed at 50 and 100 mM methyl r-butyl ether, respectively,  T-butanol
induced a sutistical reduction in basal testoslerone production of 72% and 669 at 30 mM and
TU0 M compared to controls, respectively. T-butanol indueed a statistieal reduction in human
Chorionic Goenadotropin-stinlated testosterone production of 73% and 83% at 30 mM and 100
mM compared fo confrols, respectively, The positive eoutrol, aminoglitethimide {5 mM)
induced a statistical reduction of basal and human Chorionic  Gonudotropin-stimulated
testosterone production of 80% and 75% compared 10 controls, respectively.

In a 14- und 90-day systemic gavape sludy in Spraguc-Dawley rars by Robinson et al. (199},
effeets on ovary welght and histology and testes weight and histology were examined. and no
effects were reported,

$.6.2 Devclopmental Toxicity Studics

No oral developmental studics were identificd for methvt -yl ether.
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87  Studies of Immunclogical and Neurolegical Effcects

No standardized immunological or neurolagical assays were identilfied tor methyl butyl ether,
but some immunelogical or newrological” effects have been reported in systemic studies for
methy]l tbutyl ether. Reported immunological effects were limited w reduced circulating
corticosterone levels and thyroid weights in rats after shori-term gavage exposures. Reported
neurological effeets were limited W transitory salivation after a single gavage dose of 90 ma/kg-
dasy and higher and transitory hypoactivity and/or ataxia ar higher doses in rats,

8.7.1 Immunological Effects

Twelve nale Sprague-Dawley rats per dose were administeved methyl t-buyl ether (> 99.8%
purity in corn oil} via gavage at 0. (000, or | 300 mg/kg every ather day for a total of 14 doses
over 28 days (de Peyster et al.. 2003), Afier an adjustment of doses due 1o excess weight 1oss,
the terminal doses were approximately equivalent o 0. 337, or 536 mg/ke-day. Terminal
corticosterone was measured on Day [, 14, and 28. Mean eorticosterone levels on Day | 14,
and 28 were not statistivally different compared w controls, but the sample size was enly about
4-5 ruts per dose, due to other analyses concurrently requiring blood volume.

Twelve male Sprague-Dawley ruts per dose were adiministered methyl 1-butyl ether (> 99.8%
purity in corn oil) via gavage wt 0, 40, 400, or 800 myp/kg-day for 28 days (de Peyster et al,,
2003). Coricosterone concentrations were measured on Day 1 and 14 (1ail blood) and 28
(runk}. Thyroid weights were measured. and mean organ-to-body and brain weight rarios were
eglculated.

Al 40 mgskg-day. mean plasma eonticosterone was statistically reduced by 28% compared w
eontrols on Day 14, but the corticosterone was not statistically different from controls at study
ermination,

AL 40D me/ke-day, mean plasima comicosterone was statistically recuced by 42% compared o
eantrols on Day 14, bul the corticosterone was not statistically different from controls at study
terntination.

AL 800 my/ke-day, niean plasina corticosrerone was statistically reduced by 43% compared 10
controls on Day 14, At study termination. mean plasma corticosterone was siarnstically reduced
by 44% compared o controls. The mean thyroid-to-body- weight ratio was statisrically reduced
by 296 compared to controls.

ina [4-day and 90-day systemic gavage study in Sprague-Dawley rms by Robinsor et al, (1990).
effects on spleen and thymus weight and hiswlogy were examined, and no cilects were reponted.
Alrhaugh some statistical reduciions in monacyte differential counts were observed. the eftect
was not dese- or duration-refated and did nof accur i both sexes,

ln a 28-day gavage study by Lee et al. (1998). methy! t-butyl ether (unspecifted purisy in corn
0il) was sdministered to male Sprague-Dawley rats w0 40, 400, or 800 migfke-duy via gavage.
Ar 800 mgika-day. high corticosterone levels were observed. bur the neggnitude and staustical
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signiticance were not specilied. Limited details were available in this pubtished abstract and a
full publication was not located.

8.7.2 Nceurological Effects

In rats. reported nevrologicat effects were limited to wansitory salivation reponed after a single
gavage dose of 90 ma/kg-day and higher and transitery hypoactivity andfor ataxia at higher
doses (Johnson et al., 1992).

Martin et al. (2002) studied the effect of 200 and 400 mM methyl -butyl ether {unspecified
purity) on binding at the pamma-aminobutyric acid receptor sile i cerebral cortex membrane
preparations isolated from male Sprague-Dawley rats. The gamma-aminobutyric acid receptor
was probed using the "H--butylbicycloorthobenzoatz. which binds 1o the convulsant recognition
site of the receptor. The experiment was conducted in triplicate.

The 50% inhjbitory concentration (1Cs) of methy] t-butyl ether and its metaboliwe, t-butanot. on
the binding of *H-w-butylbicycloorthobenzoate at the gamma-aminobutyric acid({A) FCCCpLor sile
was [20 and 69 mM, respectively. In additional sawration binding assays, 200 and 400 mM
methyl t-butyl ether swatistically reduced apparent densily of convulsant binding, or By, to 36
and 175 of the control vatue, respectively. The swidy awthors sugpested thal their resulis
indicate ihat direct effects on the garmma-aminobutyric acid(A) receptor site by methyl t-butyl
ether or its metabolite -butanel could explain some of the neurotoxicological or neurobehavioral
effects observed after methyl t-butyl ether exposures In humans and [aboratory animals.

9.0 RISK CHARACTERIZATION
9.1 Hazard Identification
Oral LOAEL and NOAEL values from the animal studies reviewed are shown in Table 2.

9.1.1 Evaluntion of Major Non-Cancer Effects and Made of Action

92.1.1.1 Major Non-Cancer Effects

The scientific lterature for methyt (-butyl ether in humaos and laboratory animals has been
reviewed extensively by several natiomal and international regulatory agencics, inchuding the
Eurgpean Chemicals Bureau (ECB. 2002). Office of Envirommental Health Hazard Assessment
of the California EPA (OTZHHA, 1999}, the International Agency {or Research on Cancer (JARC,
1999), the Inernational Programme on Chemical Safety of the World Health Organization
(PCS, 1998). the European Center for Ecotoxicology and Toxicelogy of Chemicals (ECETOC,
1997}, the Ageney for Toxic Substances and Disease Registry (ATSDR. 1996), and Health
Canada {1992). Thus, this eisk assessmen( o determine drinking waler action fevels for methyl
t-bury | ether focuses mainly an the ocul exposure studies included in these reviews or that have
been published since these reviews.,

el
N

8 4 S rmme e i e 1 e e e




e e e e e b AT gL b A im s e e g A s e et s g e

R fRLLD, DI, - (ary Aol
Lt :C.":m_nmm_ pAREAD ::.n“.“_”._:.__u._ e ax..”...v““_p:un_..wzc : ARARD) w: b A..: o ﬂ.~
732 HOSBIqOY SUHOGPUA ALY S|P PUR STENL ) uafosyi yan poojg 4 [ M SUPATODE | PUE SR SHON. PHISY AT
PAER AR STUIOKPUD PO TUOTEISIUTSID Wwngnatis Jnusedopua - . ]
O6AT e A ) . A . . . (Lo = Oy Sapsegg
a1 e oy | WEOWS PUE TSR3 up saueeadde muososs| s1apdoyp ny vonesuApUOS | (Lo sopp L I Lo afmann Smade e
2A puenatZ aeajoru Snerdal] PseAgsUBLOuTIE Jeundsn pug SN 1ol | SABIND AN SIS 4P
e “pannrAD ST PANWTT AnAnIe asnitwom c c ; .
_uwmw% 4__. [ELIOSORIEL KINAYSI) Pue J5edaYy § JOIPRISI UED | Buoutoy | .c__:c . . ,7 103 R R R Kamngg
R AnsAa g FurZiUDIR PUR DUGIANSOISIL VAL 1 "IEF13A S AATEAN Ui | SAEIND 00T SAVIND AN TG FR AL -0
R601 "R 2 - . - e
) Aenjeaa siodpus ey | . . - (Y A3
Luel oo e . . e ¢ . ' | Ao sseyong | Auassae gor | afeany - ¢ 1
1 918 K0gac] JUUNSOAU0D PUE HOLNS0ISH muserd | pur ySon Apog T -anendg) yazgy Nk,
K1 o "paENEAD SHutodplo PO SN0 0Shd JoAL] WEAW | SRLISOp - At
€0z "t PN 10UpUR PRt 0svd ._, e I (AU S 9EC | (LU0 SAR) £6€ | ofvaen _ U apmeg
12 1sAo fac] FuIMo}0] APIRIPAIT UBLIEIHIDNIOD MNUNSMEN FUNRINOND ¢ : | -on3rady) yaea-anog
. ad. - ‘pantqeA2 sjodpua T T T
R commm L PRLWIT] TSN 0 SINUm |Buar Uy uenenuo) Jjdap aurely METMHER| RELLUSN B o Ly Lajand
.._,H___u_.u__c“_.mow_ ok 11 P SAEIA weat | “wiaage pire et Haps | pUE SO OSTTT | POE SR FIE 1 | -angnadg) vaam-inag
e 2 mosuler “UOLIRLHIIE] T LLSEE) YT J3AY dALIFR PUR [QIDISHIOLR URAW | :
] aocm.:_s u.o. "PAENUA STURKI pUD pantan-y sangm euar us Syedetydau R
sl 100t 1o)dorp mapesd pup RETias oupey aaneu e g cfydossadAy | (Ko sepepp gos | CGuo sape cw..m aERaNy ey Aqlsecy
Joaiog I . ) i : ~INFEIUG) 420y %]
JVPNQOEIIINSD DIRIDPOLU-0)- [RUEILE DU [YTIA8 (AT 2A[IE[02 UG | : : -
pure SR LA ' * :
"pajEn[aAD SHIOAPUS e :
SO 2 “{sagetay ut Lpyenh mk: 2 sanL Un spuptLRds : MO
JSOOE S HO61 _3_::5. {Safeua) e .,”_.__. nh 3100 _.zu_..u...a__us U} ,_E.t s auon L FReaw .m.,._:.:)
R UREE 1YY pacldes pu “sarfaorewnads “erundoteunads 1§]19a HOHIE TaqIIRG 1+€173) YDAA =R,
wninds) stmaueed aaanpoadaz ao ayfiam pog uo 5199452 oN :
‘ ST T “poTEnfEAD s1modpD Al (&g T T (1% Zdangg
s LJue sapey Sial
wamsiagad | uoneainond jpuiosiyoed 10 £as10aya reanuyn sreday we 12050 oN SIEIN} O] (AU S ccu FRRAND ~INTeLd G} NODAL-OW, |,
‘PARNEAD . ! o i c
v __cﬁ_cma_ Subociptio PO “$100 J{RUI U] ST il PRIIIE pue ,.M.._hh”t ¥IL AV LSE 1 g iney . ey Aapaegy
10 12 HOSUIGO SIRL TLUAY PUE 3|81 U1 S TE0a TUTY JARTI2L PUT SIRFOKYS UEIL T (s91bWR) £6¢ (s2qtlie]) SUON; ALY HIAL-0B
T T AN -~ dap Arp-dygdar - | sansodxsy - {saadg)
: S (e dooig dodiepruoN L 4 _ SRS R A
I et SYRCTAVOT | CTIVON [ vowioy | adiy Sprig
C
U2 [AIAG-] (AU I SHPATS (BI0 050P-Papeadaz wio] sanpea TRV ON PUE P V()] 1one-aou jo emung 7 aqi), |

ST -y e [y

any 1o ) “Kdoy joN ogf - e _.“:5_.&::.;

ASK BONT @



{sisfpeunn

10661+ HAS.LY PUF (GH6E) VIRTIZE 6 Pall5 ¥ Sy pu e jou {ping |, 7
‘uawgEal Juisop £ep-p ueg) $59) & 108 JUAGIIE 01 PABRPE 21040 s380¢] |,

R661
L6 15661
g 13 idodag

A6 KNSt d (e SAoprway ou) paimn|eas shnodpus paynul|
‘papganid 108 213 TIRD | WONBULEYD [E3HOIOISH] PR notaadsul

POLIULIRLP TON : sFeaen e A.H,:MME.H.::.._
ssouf £q pmoatop atam sadueyd wordoroqed e dooauouon : ANSEIAS) D4 -+
pAICREURIOTAS ou,, paodar sioqine Aping yFnowy .
’ o . S Lap Aupnider 7 | aansedxy (sa19ailg)
PR b T HUoIg Sidatie-1o) e L ’ -3 f gy
; o .ua._. _ws .._ " - N =“I/sw THVOT TAVON | Joojnoy wlLy, Apajg

QO/TN 301 [APE-) (L1t Ny 3 M

i

y Ay UK ag] = gy ppYu,)

ASN 8007 &




OB =] N e e —

23

33
34
35
36
37
38
39
A0
41
42
43

45

® 2008 NS¥ Canfidentiol Draft — Do Nat Copy, Cite. or Quioe methyl t-buty] ether- 0208

No evidence of hepatic peroxisome proliferation was observed in male rars administered methyl
t-buty! ether viz pavage at 80H) mg/kg-day for 14 days {de Peyster et al.. 2003}, bul increased
inean relative liver weight and minimal-to-moderate centrilobular hypertrophy were observed in
male rats administered methyl t-butyl ¢ther via gavage at 1,000 my/kg-day and above {or 28 duys
(Williams and Borgho(f, 2000;: Williams et al,, 2000). In male and female rats administered high
doses of methyl t-butyl ether (1,250 mg/kg-day) via gavage For 28 days, statistcally increased
cholesterol levels af at least 20% vompared (o conarals were observed (Johnson etal.. 1992).

Short-term and subchronic gavage exposures to methyl -butyl ether were associated with
incregsed mean absolute and relative kidney weights in male.rais accompanied hy hyaline
droplet formation in the renal proximal tibules. In male and female rats adininistered methyl t-
butyl ether ar M) mg/kg-day and above via gavage for 13 weeks, statistically increased mean
blood urea nitrogen levels of at least 13% compared to controls were observed (Robinson et al..
1990y Statistically inereased liver weishts and aspartate aminotransterase, along with hepatic
nuclear condensation. far droplets. lysosome appearance in hepatoc ytes. and smooth endoplasmic
reticufum disintegration were observed afier subchronic gavage doses of 143 mg/kg-day and
higher (Zhou and Ye, 1999). After chronic gavage exposure to methyf t-butyl ether at doses op
ta 571 mg/kg-day, Belpoggi et ali (1995) reported that “no mreaiment-related nononcolegteal
pathological changes were detevted by gross inspection and histelogical examination™,
However, the dafa were not provided.  Thus. increases in liver weight, uspartate
aminotransferase, blood urea nirogen. and cholesterol and the cemrilobular hepatocyte
hypertrophy observed in rats after short-term and subchronic oral exposures to methyt t-butyl
ether could not be critically assessed following chronic oral exposures.

No in vive aral two-generation reproduction or developmental studies were identified for methyl
t-bulyl ether, Reproductive cftects in male rats have been investigated in non-standardized
reproduction studies. A single gavage dose of methy) t-butyl ether ar approximately 300 mg/ke-
day resulted in reduced circulating testosterane in male rats doring the hours immediately
fotlowing dosing (de Peysier et al., 2003). In mule rats treated with 1.200 ma/ke-day methyl t-
butyl ether for 14 days. decreased mean testosterone and luteinizing hormone and increased
estradiol were observed, wlong with decreased testicular microsomal aromatuse activity {de
Peysler et al,, 2003). Repeated exposure to 800 mg/kp-day methy! t-butyl cther via gavage in
male rats was associated with statistical reductions in cireulating 1esiosterone afler 28 days (de
Pevster et al., 2003). High doses (> 50 mM) of methyl -buty! ether were also found to reduce
basal and human Choriomic Gonadetropin thCGi-stimulated testosterene praduction in Leydig
cells in vitre.

No standardized iinmunological or neurological assavs were identified for methyl t-buly! ether.
but some mmunnlogical or neurological effects have been reported in syslemic studies For
metbyl t-buty! ether. Reported imnumological effects were limited o redaced circutating
corticosterane levels and thyrodd weights in rars after short-term gavage exposures, Studies for
other chemicals have demonstrated thor the effects of a chemical stressor on selectxd
immunological parameters can be predicted on the basis of the arca under the corticosierone
CONCeRraton versus tine curve (Proell er al., 2003 Reported nearotogical effecrs were limited
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10 rransitory salivation after a single gavage dose of 90 mg/kp-day and higher and transitory
hypoactivity andfor ataxia at higher doses in rats.

9.1.1.2 Mode of Action (Mon-Cancer Effects)

I vivo and in vitro assays by de Peyster et al. (2003) demonstrated that single and repeated
gavage exposures to methyd 1-buty! ether can reduce circuiating testosteront levels. Willtams and
Borghoff (200(0) demonstrated that methy( -butyl ether induced mild increases in testosterone
hydroxylase enzymes. Further, increases in UDP-glucoronosyltransferase observed were
consistent with the centrilobular hypertrophy abserved in rodents after repeated methyl t-bueyl
ether exposures. Collectively, the study authors suggested that the decrease in serum lestwsterone
observed tollowing snethy! t-butyl ether adwrinistration might be the result of enhanced
testoslerond metabolism and subsequent ¢learance.

No evidence of hepatic peroxisome proliferation was observed in male rars adminisiered metbyl
t-butyl ether via gavuge at 800 mg/kg-day for 14 days (de Peyster et al., 2003). Hepatic nuclear
condensation, Pyt droplets, lysosome appearance in hepatoeytes, and smwoth endoplasmic
reticulun disintegration were observed after subchronic gavase doses of 143 mp/kg-day and
higher (Zhou and Ye, 1999). Recent in vive metabolism data indicate rhat-oral expostire to
methy! t-butyl ether induces various CYP430 isozymes. Thus, based on the CYP430 data and
the lack of reported hepatic histopathology in the ehronic gavage siudy by Belpoggt et al. (1995),
the weight of evidence with respect to hepatotoxicity suegests that although methyl t~butyl ether
induces various CYP430 isozymes, which may lead 10 ceniritobular hepatocyte hypertrophy . the
effect does not progress upon chronic oral exposure.  The effects are likely an adaptive
mechanism by the liver to metaboelizing high doses of methyl t-butyl ether and arc likely
reversible upon discortinuation of exposure. However. it must be noted thut a eritical assessment
of the progression of the liver effects from short-term or subchratic-to-chronic expasures could
not be made. since the non-neoplastic data from Belpoged et al, (1995) were not available for
review, althouph the authors indicated that no non-neoplastic effects were observed, ECB
{2002) concluded that the liver weight increases. hepatic hyperrophy, and changes jp smoath
endoplasmic reticulum observed after repeated oral exposures to methyl 1-bueyl ether are typical
of other chemicals that are considered w0 cuuse aduptive, but reversible, responses by the liver in
order to metabalize the chemical.

All investigations on nephrotoxicity associated with methyt -butyl ether exposure in laboratory
rats are consistent with ¥-2p-globulin nephropathy (IPCS, 1998). V-2u-Globulin nephropathy is
cansidered un effect specific to male raw and, theeefore. of questionable relevance w hemans.

9.1.2 Weight-of-Evidence Evaluation and Cameer Characterization

Chronic gavage exposure to methyl t-butyl eilter wars associated with an increase in Leydig cell
wimors in male rats and leukemias/lymphomas (combined) in female rats (Belpoggai et al.. 1995:

1997: 1998). Although there sre so chronic data ju humans, there is “suggesive avidence of

carempegenic poleniial ™ atter chronic oral exposure o methy! -butyl ether in rats.

eaen i A,
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The genotoxicity data for methy! 1-butyl ether have been critically reviewed by ECB (2002).
OEHHA (1999), IPCS (1998), ECETOC (1997}, and ATSDR (1Y96). The weight of evidence
suggests that methyl 1-butyl cther has some genotoxic potential.  Methyl -buty] ether has been
tested in mutagenicity, chromasomad aberration, micronuclens, sister chromatid exchange, DNA
damage and repair, and DNA strand break assays in vive andfor in vitre, Methyl t-butyl ether was
not mutagenic in several Salmonella reverse mutation assays. although one ussay was positive in
TAI102, Subsequentty. 2 well-conducted study failed to replicate the positive result for methyf t-
butyl ether in Salmonetle TAL02 (McGregor et al., 2005). Methyl -butyl ether was aiso positive
in a mouse lymphoma cell forward muwation assay. possibly due 10 the metabolism of methyl t-
buiyt ether to formaldehyde. Methyl t-butyl cther was negative in fn wivo and i vire
chromosomal aberration assays. bur equivocal resulis wene observed in a sister chromatid
exchange assay /n viro. Methyl t-butyl ether was pegative in i vive and in virro mouse
micronuclens assays and unscheduled DNA synthesis assays, and an in vivo DNA repair assay,
although methyl -butyl ether was positive in 4 DNA strand break assuy in rat iymphocytes in
wfve and in human lymphocyies in virro (Chen et al. 20075 DNA wdduet formarion was
observed in mice given a single gavage dose of methyl tbutyl ether (Ba @ al.. 2005: Yuean et al..
2007

9.1.3 Mode of Action [Carcinogenic Effects)

The node of action of the Leydig cell unors in rats is unclear. There ave plausible machanisins
for the chemical induction of Leydig cell tunuws, as typified by agonists of estrogen.
gonadotropin  releasing hormone {GnRH). and dopamine receptors, awdrogen receptor
antagonists, and inhibitors of 3¢-reductase. restosterote biosynthesis, and aromatase (Cook et
al., 1999). Most of these uliimately involve elevation in serum luteinizing hormone andfor
Leydig eell responsiveness o luteinizing hormwne. The pathways for regulation of the
hypothalamo-pituitary-testis uxis of rats und humans are similar, such that compounds that either
decrease testosterone or esiradiol levels or their recognition will increase luteinizing hormone
levels.

Compounds that induce Leydig cell mmors in rats by disruption of the hypothalamo-piwitary-
testis axis pose a risk to humao health {Cook et al., 1999). However, severa) lines of evidence
suggest that human Leydig cells are quantitatively less sensitive than rats in rtheir proliferative
response to luteinizing honnone. and-hence in their sensitivity to chemieally induced Leydig cell
wmors (Cook et al.. 1999). This evidence includes the following: (1) the human incidence of
Leydig cell wruors is mueh lower than in 1odents even when corrected for detection bias: (2)
several compantive differences exist between rat and human Leydig cells that may contribuie, a
least in part. to the greater susceptibifity of the rat o hath spontaneous and xenobiotic-induced
Leydig cell tumors: (3} enducrine disease states in humans (such as androgen-insensitivity
syndrome and familial male precocious puberly) wirderseore the marked comparative differences
that exist between rars and humans in the responsiveness of teir Levdig cells 10 proliferative
stimuli: and (4) several human epidemiology studies are available on a number of compounds
that induce Leydig cell umors is rats, such as |, 3-butadiene, cadmium, ethangl. factase, lead,
and nicotine. and that demansirate no associalien berween human exposure 1o these compounds
and induetion of Leydig cell hyperplasia or adenomas (Cook ez al.. 1999,
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Although endocrine-mediated modes of action have been suggested for the induction of testicular
tumors by methyt t-bueyl ether in rats. QEHHA (1999} and ECB (2002) felt there were
insufficient data to support these hypotheses. Based om [he available evidence, it seems that the
wypical mode of action for Leydig cell tumors, which involves elevaied hateinizing hormone, is
not the case lor methyl hatyl ether (ECB. 2002}, Further, testicular cancer is & refatively
WHICORIMOn cancer in humans. Most human testicular cancers originate elther from germ or from
Sertoli cells. Tumors of the testes constitute about 1% of all human neoplasnn: only 3-3% of all
testicular wmors are of Leydig cell origin. Funther. methyl -butyl ether-induced Leydig cell
wmors appear in rats only s high doses. ECB (2002) concluded that no definitive conclusion
could be drawn about the relevance of the Leydig wmors to humans due to the lack of
knowledge of the possible mode of action. Considering all the avaifable data, the relevance w
man was not considered very sipnificam by ECB (2002},

In the chronic gavage study by Belpoggi et al. {1993}, o reduced incidence of mammary tumaors
was reponted.  Such a nunor profile in male and female rats would suggest reduced serum
estradio] levels or redvced prolaction secretion, which would cause Juteinizing hormone-receptor
down-regulation and a subsequent increase in lwteinizing hormone (Cook et ab., 1999). However,
prolactin receptors are either not expressed or are expressed at very low levels in the testes in
humans, and thus the induction of Leydig cell tamors in rats by dopamine agonists would appear
nat to be relevant to humans (Cook et al, 1999),

Methy) t-butyl ether induced mild increases in testosterone hydroxylase enzymes. suapesting that
the decrease in setum testosterone observed following repeated oral expasures o tethyl 1-butyl
ether in rats might be the result of enhanced tesiosterone metabolism and subsequent clearance.
Wilflams et al. (2000) reporied deereased serum testosterone and lweinizing hormone after 13-
but not 28-day gavage exposures to methy! r-butyl ether, hut concluced that these changes in
hortmone levels did not fit the pattern caused by known Leydig cell twmorigens.

Peroxisame proliferming chemicals have also been known 1o cause Leydig cell tumors (Klaunig
el al.. 2003). Peroxisome proliferating chemicals are nongenolexic carcinogens that mediale their
actions through the peroxisome proliferatar receptor ¢ Klaunig et al. (2003) postulated that one
mechanism of Leydig cell tumorigenesis begins with peroxisome proliferator receptor ¢
activation in the liver, followed by two possible pathways--une secondary to liver induction and
the other direct inhibition of testicular lestosierone biosynihesis.  Both proposed pathways
involved chunges it the merahofism and quantity of related hormones and hormone grecursors.
Klaunig et al. (2003} however, noted that rodents are more responsive than primates in their
response to peroxisome proliferators i wive.  When de Pevster et al. (2003) admipisiered methyl
t-buty! ether at 500 me/ka-day o rats for two wecks, no effects on heputic clinical chemistry or
peroxisomal proliferation were observed.

The mode of action af the [ymphohematopoietic cancers observed in female rats after chronic
ravage exposures is unknewn.  However. the proposcd wmenabulite of methyl t-buryl ether,
formaldehyde. has afso produced Iy mphohematopoictic cancers in Sprague-Daswley rars exposcd
oratly {OIZHHA, 1998).

At
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9.1.4 Selection of Key Study and Critical Effect

The key study was considered the chronie gavage study by Belpoggi et al. (1995) in which
Leydig cel wrnors in male rats and hemoiymphereticular leukemias/Tymphomas (cotnbined) in
femnale rats were observed ar satistieally inereased incidence compared w controts,  Akthough
the sindy did nor meet current U.S. EPA (20{7h) Health Eftects Testing Guidelines and the study
results may have been confounded by carly worality in control und treated raws, it was
considered to be adequane for use in u lifatime oral risk assessment for methyl t-butyl ether. since
it was condueted by the most appropriate route and duration Ffor a liferime oral risk assessment
for methyl -butyl ether.

Carcinogenicity of methyl t-butyl ether has been observed after oral and inhalation
administration in laboratory animals, Other than the tumors observed in Sprague-Dawley rats
front the chronic gavage study by Belpoggi ot ab. (1993; 1997, 1998), renal wbular lumors and
Leydig imerstitial cell twmors were abserved in male Fischer 344 rats in a 24-month inhalation
sludy (Chun at al., 1992; Bird et al., 1997). and hepatecellular adenomas andfor carcinomas were
observed in male and female CD-1 mice in an 18-month inhafation study { Burleigh-Flayer et al.,
1992; Bird et al.. 1997). The leukemizflymphomas were not observed consistently in the after
inhalation expesure in rats (JPCS. 1998). Inereases in Leydig cell wmors occurred at the highest
mvage dose (537 mglkg-day) in Spragne-Dawley rats, but inrerpretation of the jnergases in

Fischer-344 rats after inbalation exposure was cownplicated by the very high coneurrent and

histarical control incidences (IPCS. 1998).

The historicyl coniral incidence of Leydig cell urnors from stidies conducted by Belpoggi were
not reported. The historical contro] incidence of Leydig cell tamors in male rats of various
strains has been reported by Cook et al. {1999} In male Sprrgue-Dawley rats, Leydig cel
adenomas were observed in 16/349 (4.8%) of comrol rats in siudies terminated at 24 months
{Cook et al.. 1999). Other laboratories using Sprague-Dawley ruts in 24-moath studies have
reported historical control incidences of 114340 (D.8%) and 17330 (0.1%) for Leydig cell
adenomas and carcinomas. respectively (Coak et al., 1899). The route of adininistration for
these studies was not indicated. These historical control incidences are below those observed in
control, low- and high-dose males from the Belpogui ot al. {1995) pavage study with methy! ~
butyl ether (12, 20, und 3% respectively).

In male Fischer 344 ras. Levdiz cell adenomas were observed in 39.253/51.230 (76.6%) of
control rats in studies terminated at 24 months (Cook et al.. 1999}, The route of administrition
for these studies wus vot indicated. This incidence is similar to those abserved in control, tow-.
mid- and high-dose males from the 24-imonth inlialation stidy with methyl t-buty! ether (Chun et
al., 1992; Bird et al.. 1997} {64. 70, 82, und 93%. respectively).

The historical eomirol rocidence for lymphontas and lewkemias (combined) in the Belpoggi
laboratory was reported 0 be less than 16% in female Sprague-Dawley rats (Belpogai er al.
19935). This historical conrol incidence is helow the incidence of tymphomas and feukerias
icombirned) observed in control, low- and high-dose females froms the Belpoggi ct al. (1995)
udy with methyl t-butyl ether (3, 14, and 26%. respoctively).
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Tn the Belpopg et al. (1993) study, the animals were observed until natural death. aithough
treatment ended at 104 weeks. Survival at 104 weeks was less than 30%. which is the minimum
recommended survival rate according to current U.S. EPA (2007by Heahh Elfects Testing
Guidelines. Survival at the end of weatment was 33% and 28% in low- and high-dose females,
respectively, compared to 48% in controls. Survival at the end of trearment was 309 und 42% in
low- and high-dose males, respectively, compared to 30% in controls. Fuither, this swdy does
not meet careent U.S. EPA (2007b) Health Effects Testing Guidelines since the dosing accurred
on a four-day per week schedule and no resuits for hemaiology. elinical chemnistry. urinalysis, or
organ weiphts were reported,

Recognizing the deficiencies in the Belpoggi et al. (1993) study, using a chronic oral study 10
estimate lifetime cancer risk fromy oral exposure 10 methyl t-butyl ether wus considered more
appropriate than using a chronic inhalation stady and conducting an inhalation-route-10-oral-
roule extrapolation  estimate a jifetime cancer risk from oral exposwie to methyl t-buty! ether.
Further. the historical conirol incidences for Leydig cell adenomas as reported by Cook et al.
{1999} were well below those observed in countral, lew- and high-dose males from the Belpopgi
et al. (1995) pavage study. Likewise, lhe hisworical control incidence for lymphomas and
leukemias (combined) in the Belpoggi laboratory were below those observed in control. low- and
high-dose- feinales from the Belpogei et al. (1993) uavage study with methyt -butyl ether.
However, as reported by 1PCS (1998), the diagnostic criteria for the distinetion between Leydig
cell tumors and hyperplasia were not indicated by Belpoggi et al. (1995; 1997: 1998), and the
latter were not reported at all. which was considered unusual by IPCS (1998) for old Sprapgue-
Dawley rats showing Leydig cell tiinors.

9.1.5 Identification of Susceptible Populations

There are o data by which to ideatify any subpopulations {e.g., the elderly, pregnant women,
chifdren, or people with allergies or asthma) that might be ar special risk to methyl t-bufyl ether
exposure (IPCS, 1998).

9.2  Dose-Responge Assessment

For the dose-response assessinent, the statistical: 93% lower confidence limit of the [0% etfect
level, also known as the BMDL g, was estimated using default seiings in the Benchmark Dose
Program (Version §.4te, U.S. EPA, 2007a). In the Belpogyi ew al. (1995 1997: {998) study.
Sprague-Dawley rais were administered methy! -butyl ether via gavage ac 0. 250, ar 1.000
mg/kg-day for four days a week for 24 months, These doses were-approximately eguivalent 1o
daily doses of 0, 143, or 571 mp/kg-day. In male rats. the incidence of Leydig vell tumors was

stiistically increased at the high dose compared to the controls, and there was a statistically

significant dose-related trend at the mid and high dose. In female rats, the combined incidence
of lymphomas and leukernias was statistically increased at the high dose compared o the
controls. and there was a statistically significant dose-related trend at the mid- and high-dose.
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9,2.1 Daose-response assessment based on tumor data in male rats

The adminisiered doses in male rats were converted ro human equivalent doses of O, 42.3, or 170
mg/kg-day, bused on the following equation,

Human Equivalent Dose = dose (mg/kg-duy) x (kg wi mu70 kg wt, pumany® #*

Mean termimal body weight for low-dose male Sprugue-Dawley rats from Belpozai et al. (1995;
1997; 1998) = 0.350 ky (daw not providad: estimated from graph ar 104 weeks, time at which
{0 dosing ended, atthough animals were observed until natural death). Mean tersninal body weight
11 for high-dose male Sprague-Dawley rats from Belpoggi et al. (1995; 1897: [998) = 0.550 kg
(data not provided; estimated from graph at 104 weeks, time at which dosing ended. although
13 aniinals were observed until natural death). Tn male cats, the incidence of Leydig cell tumors was
id  statistically increased at the high dose compared to the controls (Table 3).

N Dol O e D —

16 Table 3. Leydig cell iumors in male rats after chronic gavage exposure to methyl t-buty|
ether (Belpoggi ot al., 1995; 1997; 1998)

3126 (124 3378 (§'%)
2.5 525 (20%) 5/37.6 (134%)

170 © 1732 (349 L1404 (27%)
* Number of rars atfected/aumber surviving at appearance of [irg unmr (96 woeis) hased on Beipoggl of af. (19935, 1995)
7 Numiber of rats affectedieffective number ag risk ailar Poly-3 adjustment for survival bused on Kippling et al, 2007}

* paid05
s

20 Since there was a statisticatly significant dese-related trend at the mid- and high-dose, a
21 benchmark dose level at the lower 95% confidence interval (BMDL) for methyl t-butyl ether
22 will be determined based on the incldence of Leydig cell tumors in male rats. The BMDLyy was
23 defined as the lower 95% confidence interval af the dose at which one could expect a 10%
34 increased incidence in a given population (Tuble 4).

25
26 Table 4. Results of benchmark dose madeling of Leydig cell tumors from male rats
27 {all alive at 96 wecks, first observed tumer)
33 :
{
Modet T vafue AlC Chi square residuats (n:l\l'«:-)tﬂy) m:t;g_!d';':} )
Gamma 1.8224 $3.83501 -L107. 0,187, -0.063 i8] 32
Logistic 3A3TR 88,9935 -0,278. 0.340. 0060 33 36
Multistage' i NA 40,8002 0.0.0 43 F
Probit LG6TOn | B8.UY3Y .256. (1324, 04163 80 33
Quaniad Linear/Weibull™ @ .§223 E HY.8301 1167, 187, -D.0a3 o] 32
P valre = Glubal measurement if govdness-al-fic (P >0 1)
AIC (Akaike's Inkmigaiion Critereons = Mot comparison (lowest vajue prefered)
Chi squarz = Loval measurement of geadness-of-0it (< 201,
‘! Multistage Cancer BMDU = 279 mg/ky-day erestrict bevy and Caneer Slape Facwor = 0.0032
- BAID progmim defuukied Quavitud Liswat model (o Weibull madel

29
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The Gamma. Quantal Linear and Weibull modeis provided the best fit, based on the highest p
vafue. lowest AIC value, local Chi® values of fess than the absolute value of two for all dan
points, and a geod fit of both the BMD and BMDIL. dose-response plots {see Appendix). The
caleulated BMD (60 mg/kg-day) and BMDL (32 mg/ke-dayy were in close approxiimation of
each other.

9.2.2 Dose-response assessment hased on twinor data in female rats

Adlternately, the BMDULjo for methy! t-buryl ether can be calenlated based on the combined
incidence of lymphomas and leukemias in female raws from the Belpogei et ol. (1993: 1997;
1998) siudy. The doses were equivalent o human oral doses of (8, 38.7, or 132 mg/kg-day, based
on the following equation. :

Human Equivalent Dose =  dose (mp/kg-day) x (kg wi. rat/70 kg wi. humvan)®

Mean terminal body weight for tow-dose female Sprague-Dawley rats fromn Beipoggi et al.
{1995: 1997: 1998) = 0.375 kg (data not provided: estimated froip graph at 104 weeks, time at
which dosing ended, although animals were observed until natural death). Mean terminal body
weight for high-dose female Spragoe-Dawley rats from Belpogei et al. (1995; 1997, 1998) =
0.355 kg (data not provided; estimated from praph at 104 weeks, time at which dosing ended.
although unimals were observed until natural death), [n female rats. the combined incidence of
lymphomas and feukemias was statistically increased at the high dose compared to the controls
{Tuble 53,

Table 5. Combined incidence of hemolymphoreticular lymphomas and leukemias in female
rats after chronic gavage exposure to methyl t-butyl ether
(Belpoggi et al., 1995; 1997; 1998)

nan equivalent dose niplhionias and leiikpriias
Q 2/58 {3%)
38.7 751 {845
152 12047 (26750
*Nueiter of rats affectedhinmber sorviving 23 appzasance of fint maor {36 weeks|

¥ pe() 13

Since there was a statistically significant dose-retated trend at the mid- and high-dose. a
benchmark dose level at the lower 95% confidence fnterval (BMDL,g) for methyl t-butyl ether
wil be determined hased on the combined incidence of lymphomas aod leukemias in female rats
{Tablz 6).
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1 Tahle 6. Results of henchmark dese modeling of hemolymphoreticular lymphomas and
2 Jeukemias from female rats {all alive at 56 weeks, first observed tumor)
3
Mode! P value AIC Chi sguare residunls {m:;::gl?:il:zy) (nﬁ;g_r“i;’y)
Gamma 04236 110.208 -(h284. 0.675. 0518 57 36
Logistic 0.1 604 117.387 -0.894. 1.066. -0.186 91 70
Muiustage' N& §17.396 1.0, -0 b 16
Probit 778 EE7.413 0831 1.039, 0213 7 63
Quantal Linear/Weibuth 04246 ¢ 116203 | -0.284.6.615. D313 37 36
P value = Global measurement of goodness-of-fit (P> 0.1}
AIC (Akaike’s Information Critericst) = Model comparison (fowest value prefesred)
Chi square = Local measurement of guodiess-of-fit{< 2.00.
! Multistage Cancer BMDL = 279 mu/kg-day (restrict beta) and Cancer Slope Factar = 0.0032
* BMD program defauhted Quantal Lincar madel 1o Weibnll mudel
4
5 The Gamma. Quantal Linear and Weibull models provided the best fit. based on the highest p
6 value, lowest AIC value, local Chi- values of less thar the absolute value of two for all data
7 points, and a geod fit of both the BMD and BMDL dose-response plots (sees Appendix). The
8  ealculated BMD (57 mg/ke-day) and BMDL (36 mg/ke-day) werc in <lose approximation of
9 each other.
10
11 | %.2.3_ Oral Slope Factor Calenlation .
[2
13 There were insufficient data to support a mode of sction for the Leydig cell or lymphatic wimors.
[4 In the absence of mode of action information, the U.S. EPA (2003) generally takes a
15 conservative, or public health-protective, default position regarding fhe interpratation of
16 toxicological dar.  This conservative approach assuines thal the animal wmor findings are
17 retevant to humans and that cancer risks are assumed to conform with low dose lincarity (U.5.
15 EPA, 2003). Elueidarion of a mode of action for a particular cancer response in apimals or
19 humans is a data-rich determination. Significant information should be developed w ensure that a
20 mode of action underlies the process leading 1o cancer at a given site (U.S. EPA. 2003). Based
21 on this approach, both the lymphatic and Leydig cell iomeors in rars were asswned fo be refevant
22 o humans aind the associated cancer risks were assumed to conform o low dosc linearity. Thus,
23 a [0 risk level will be caleutated for methy! t-butyl ether based on the BMDLp of 32 mgkg-
24 day (the lower of the rwo BMDL,; values. recognizing that they were both essemially the sumel.
25 The slope of the dose-response line. known as the slape factor, is an upper-bound estimate of risk
26 perincrement of dose thal can be used to estimule risk probabilities For différent exposure levels
27 (LS. EPA. 2003c). The slope factor is equal o (L.OMLEDa if the LEDw is used as the point of
28 departure (U5, EPA, 2003c¢), Since the [0% benchmark dose level way used in this risk
29 assessment, then the oral slope factor was determined according (o tie following equation.
30
31 Oral Slope Factor = 0.1
a2 BMDL i,
33
ko) Orul Slope Fazor = 0.1
35 3 myfkg-day
36

44,
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Oral Slope Factor = 0.003125 (mg/kg-dayy’

The Cancer Slope Factor of 003123 (mgfkg—day)" as estimated by NS International is
essemially the same as the Cancer Slope Favtor of 0.0032 (nng:‘!:z‘\_:-c[ay)‘l estimated by the
Multistage mode! of the Benchmark Dose Software Yersion |4, 1e (U.S. EPA, 2007a). A 107 (or
| in 100,000} cancer risk level can determined from the BMDLg according (o the following
linear exirapolation: ’

0 = 0.00001
BMDL o 13 risk fevel
0.1 = (00001

32_mglkg-day 207% cisk fevel

1077 risk level = 0.003125 mekp-day

et Drinking Warter Unit Risk Caleulation

The unit risk, defined as the. upper-bound excess lifetine cancer risk estimated: to result from
CONLINIOUS ¢Xposure 10 an agent at a conceniration of 1 ug/L (U.S. EPA, 2003a), may be
calculated from the slope factor. Risk-specitic doses are derived from the slope factar or anit
risk to estimate the dose associated with o specific risk level. for example, a une-in-a-million
increased lifetime risk (U.5. EP.A., 2003¢). The unit risk is calculated from the slope factor
using the default 70 kg body weight and 2 Liday drinking water consumption of i adulx:

UnitRisk = 0.003j25kpday x 1 x 2L x Lmo_ =90x 10 (quedy’
mg 0 ke ay 1,000 ug

0.009 % 16 (ua/L 1!

H

or

1§

0.09 x 10° fug/L )

Therefore, drinking water containing [ Ug/L of methyl t-butyl ether consumed for a lifetime s
estimated 16 result in development of 0.009 excess tumors per 100,000 people, and drinking
water containing | g/l of methyl t-butyl cther consumed for a lifetime is cstimated w result in
development of 0.09 excess wmors per 1000000 people. Ahernately, drinking water containing
90 p/L of methyl t-buiyl ether consumed tor a lifetime ts estimated fo resull in development of
| excess tumor per 100,000 peopie, or dvinking water containing 9 pg/L. of methyl -5yl ether
consumed for & lifesime is estimated v result in development of 1 excess mmor per 1000.000
people.

Formatted: Hulliecvs and
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9.3  Exposure Assessment

The presence of methyl t-buryl ether in amhicnt air as a result of the manufacture and distribition
ot oxygenated tuel, vehicle refueling processes. and evaporative and tailpipe emissions from
motar vehicles, is likely tu be the principal source ol human exposure (OEHHA, 1999). Methyl
=butyl ether is infrequently detected in public drinking water systems from groundwater ([PCS.
1998). There are inadequate data to characterize the concentration of methyl t-butyl ether in
public drinking water svstems from surface water, Methy! t-huotyl ether has been found at high
levels (i.e. 2 1,600 pe/L) in a few private wells used tor drinking water (IPCS, 1998). Exposure
of the pubkic 1© methyl t-butyl ether can be principally by inhalation of fumes while refueling
mutor vehicles and drinking comaminated water (McGregor, 2006}, Maximum internal doses
resulting from such exposures are unlikely to exceed 0.05 mg/kg-day and will normally be very
much lower.

94  TAC Derivalion

The Tomt Allowable Concentration (TAC), is used to evaluate the results of extraction testing
normalized to static al-the-tap conditions and is defined as the RfD multiplicd by the 70 kg
weight of an average adult assumed 1o drink two liters of water per day. A refalive source
contribution (RSC}, applied when caleulating a TAC for non-carcinogens, is used (o ensure that
the RID is not exceeded when food and other non-water sources of expasure o the chemical are
considered. Since the TAC value lor methyl r-butyl ether is based on a carcinogenic endpoint, a
RSC will not be applied. The TAC for methy! &buuty] ether will be set t the NY* cancer risk
tevel for methyl t-bugyl ether.

TAC = [0 risk level x 70 ke
2 Liday

= {01003 me/ke-davi( 70 ka)
2 Liday

={}.105 mg/L. (106 ppb rounded)
9.5  STEL Derivation

MSFZANSI A0 (2005) and 61 {2007) allow for the derrvation and use of a STEL for materials that
are initially present in pomble water at relatively high concentrations, but rapidly decline in
coneentration becuuse they are volatile or hecause they chemically or biologicully degrade. The
STEL s geverally caleulated from a repeated dose study in laboratory animals of 14 10 90 days
in Quration, adjusted for the default 10 ke body weight and 1 1/day drinking water consamplion
of a child. A produet can initially contribute up o the STEL if the a-the-tap concantration
decreases w a fevel at or below the TAC or SPAC within 90 days, Since metiny tbutyl ether is
heing evaluated as a genoioxic carcinogen, exposure to drinking water levels higher than the
TAC. set at the [0 7 risk level. cannot be justified and it is not appropriate o derive a STEL for
this chemtical,

#
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10.0 RISK MANAGEMENT
10.1 SPAC Derivatlon

The SPAC is set at the 10 cancer risk level of 0.01 mg/L (or 100 ppb) for methyl t-butyl cther,
This is based an the default 10 sowrces of the chemical i the water distribution systent in the
absence of duta on the actual number of sources.

110 RISK COMPARISONS AND CONCLUSIONS

The scientific literature for methyl t-bulyl ether in hwmans and laboratery animals has been
reviewed extensively by several national and internatioual regulatory agencies. Table 7 provides
4 summary of the- most recent and major revisws along with the major conclusions from each
agsessment regarding the non-cancer and cancer human health risks from exposure o methyl t-
butyl ether.

Although the conciusions from the various agencies regarding non-cancer effects are largely in
agreement with each other, the conclusions regarding the carcinogenic potential in rats ufrer oral
exposure dre divereent. The American Conference of Governmental Industrial Hygienisis
(ACGIH, 2005) hay classified methy! t-bueyl ether as a €lass A3: Animal Carcinogen. The
International Agency for Research an Caneer (JARC} has reported that there is limited evidence
in hunans and in experimental animals for the carcinogenicity of methyl t-buryl ether, Thus, it
was concluded by IARC (1999) thut methyl t-butyl ether is not classifiable as w s
carcinogenicity 10 humans (Group 3).

Based on a critical review of the genotexicity data for methyl t-buty! ether. ECB (2002}
concluded that methy! -bulyl ether cunnot be considered a mutagen, OEHHA (1999) concluded
that that the data are weak and there is no clear cvidence that methyl t-hutyl ather or its
metabolites are invelved in the carcinogenic response in laboratory animais. IPCS {1998)
concluded that the weight of evidence suggests tbat methyl tbuiyl ether is not genotoxic.
ECETOC (2003 and 19973 concluded that penotoxicity of methy! t-butyl ether is undikely 1o play
1 role in neoplastic findings reported in chronic studies with methyl t-butyl ether. Further, the
inhaled concentrations causing neoplastic effects are equal to or greater than those inducing non-
ncoplastic effects in female mouse liver and male rat kidiey. Thus. protection against non-
neoplastic effects should also protect from any theoretical carcinogenic effect (ECETOC (20033,

49
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Since the Belporei et al. (1995) chronic gavage study in rats was nol desizned to ineet a
standardized protacol, the study was considered by some regulatory agencies 1o have
deficiencies that would tmpact a huwman health risk assessment for methy! ¢-buryl ether. Tn
swmmary, some agencies or organizations considered the Belpoggi er al. (1995} study 10 be
inadequate for a human heaith risk assessment for oral exposure while other agencies considered
the study to be adequate. althotgh Oawed.

Among the agencies or organizations that considered the Belpoggi et al. (1995} sudy or the
enverall evidence to be inadequate to assess the carcinogenic potentiab in humans from oral
exposure ta methyl t-butyl ether were the Ewmmpean Chemicals Buoreau (ECB, 2002), the
International Agency for Regearch on Cancer {(IARC. 1999). the [nternational Programine on
Chernicut Safety (IPCS. 1998). and the European Center for Ecotoxicology and Toxicology of
Chemicals (ECETQC, 2003 and 1997). IPCS (1998) critically reviewed the Belpoggi o al.
(1995) study and nated several confounding factors, such as:

{1) there is limited description of the resulvs. particularly the histopathological findings:

{2) diagnostic criteria are nol given for the distinction between Levdig cell tunors and
ltyperplasia (the latrer were not reporied ar all, which is unusual for old Sprague-Dawley
rats showing Leydig celt tumors);

(3) diagnostic criteria are not given for the distinetion berween dysplastic hypetplasia and
ivmphoma;

(4) lymphomas and leukemias are pooled; specitic tumor type and incidences were not
reported;

(3) historical control data might aid the evaluation of lymphomas and levkemias, paticularly
if they are avajlable for tese rats within different age ranges: and

(6) chronit progressive nephropathy was not observed in these Sprague-Dawley rats,
although these lesions might be expected. on the basis of data from a number of other
studies with this strain of rat,

IPCS (1998) concluded thar owing to differences between rats and humans in the regulation of
gouadotropins. it is questionable that the Leydig cell tumors observed in rats would be seen in
humans. [PCS (1998; further indicated that these tumors have been reponied o be induced by
non-genotoxic carcinogens thut disturb the hormonal balunce of testosterone. luteinizing
homnone, and luteinizing hormone releasing Facror i rats, act tat ajrhough suchk a mechanism
may he relevant in humans, it was oot subslantiated by experimental evidence. sinec these

-hormones were not determined in any of the studies with mathyl t-buty! ether (TPCS. 1998).

Howewer, since the [PSC review, recent fr wve and in witre studies by de Peyster et al. (20035
have demonstrated thm single and repeated gavage exposures to methyl t-busty] ether can reduce
circulating testosterone levels, Further, studies by Williams et al. (20003 indicated that methyt (-
batyT ether can induve mild increases in testosterone hiydroxylase enzymes. sugegesting thal the
decrease in serum teswosterone observed following repeated oral exposures o merhvl -buiyl
ether in rats may be the result of enhanced testosterone metabolism and subsequent. clearance,
However, Williams et al, (2000) noted thal the changes in testasterone and luteinizing honoone
levels after short-term pavage exposuares W methyl ¢-butyl ether in rars did not fit the pattern
carsed by known Leydig cell umorigens.
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US EPA (1997) recommended 4 drinking water level for methyl t-butyl ether of 203 ppb based
on averting taste and odor, and consicdered this level o provide a sufficient margin of exposwa
for cancer and non-cancer effects abserved in [aberatory animals. Under the U.S. EPA (2008)
IRIS Program, the draft re-assessmeni of methyl -butyl ether is currendy undergoing the
“Agency Review” step with an estimated completion date of February 17, 2008. The next stages
are "Inleragency Review™ and “External Peer Review™.

The National Institute of Public Health and Environmental Proiection of the Netherlands (Buars,
2004: RIVM, 2004), Ageney for Tozic Substances and Disense Registry (ATSDR, 1996) and
Health Canada (1996: 1991) have not desived chronic regulaory values for methyl -buwyl ether
based on cancer effects, although vaiues for less than chronic exposure and/or non-cancer effecrs
have been derived {Table 7). RIVM (2004: Baars, 20004} considered the subchronic gavage study
by Robinson et al. {1990} as the key study and applied 1.000x uncertainty factor (10 each for
inter- and intraspecies differepces, and [ total for limited duration of the swdy and database
deficiences) 10 the NOAEL of 300 mg/kg-day & determine a tolerable daily intake of 0.3 mgrka-
day. Note that MNSF considersd the reduced lung weights treatment-related at all exposure doses
in females and thus, couid not ideniify a NOAEL for female rafs in this study.

Among the organizations or anthors that considered the Belpoggi et al. (1995) study o be
adequate, although flawed. to asscss the carcinogenic patential in humans from oral exposure 10
methyl -botyl ether were Caldwell et al. (2007) and the Office of Environmemal Health Hazard
Assessment of California EPA (OEHHA. 1999). OEHHA (1999) reported that the National
Academy of Sciences (NRC, [996) reviewed the chronie gavage study by Belpoggi et al. {1993}
und noted the following as study deficiencies;

(1) the dosage schedule of Monday. Tuesday, Thursday, and Friday, rather than five
consecutive days:

{2} use of doses in apparent excess of the Maximum Tolerated Dose (MTD), based on a
dose-related decrease in survival among treated females:

(3) the combining uf leukeinia and lymphoma incidence;

) the incomplete description of tumor pathology and diagnostic criteria: and

{5) the lack of monality adjosted analysis to account for differences in survival times,

OQEHHA (1999} congidered these eriticisms and coneluded thay although these experiments. like
the others availuble for methyl t-butyl ether. do have cerwin limitations or difficublies of
interpretation. they eontribute considerably o the overall evidence available [or methy! t-buiyl
ether risk assessment. Further, OEHHA (1999) concluded that the stidy was vidicd. not eritically
tawed. and consistent with other reported results. Caldwell et al. (2007) cousidered the
background incidence of hemalymphoreticutar tumors is femake ras from Belpoggi et al. (1995)
vy be consistent with othier siudies. Further, the hemolymphoreticsiar amors were considered
be exposure-related, refevant w humans, and unlikely o be due wr infections. The review authors
wlso supported the <ombinastion of [ymphoblastic leukemias and fymphomas reported by
Belpogei et al. 11993} for the purpuses of risk assessiment.
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Goadman et al. (2007) and NTP (Kissling a1 al,, 2007) provided recent insight into the tack of
mortality-adjusted analysis to account for diffevences in survival times noted as a deficiency by
NRC (1996). Goodman et al. (2007) do not consider the increase in Leydig cell temaors in treted
male rats 1o be statistically significant when these daa are re-evaluated with a statistical.
adjustment (Poly-3 test) for the increased survival in the high-dose males. which provides an
increased apportunity for the ocvurrence of wmors. However. NTP (Kissling et al.. 2007)
vebutted that the Poly-3 unalysis was developed by the NTP (Bailer and Portier. 1988: Portier
and Bailer, 1989 based on survival rates fromn J0d-week (two-year) studies and was not
designed to encompass longer-rarm studies fike Belpogai et al. (1995} in which rats were
abserved until natural death of up o 174 weeks, Kisshing et al. (2007) demonstrated that the
increase in Leydig wmors in male rals exposed to methyl t-butyl ether was statistically
significant aceording (o the Poly-3 test based on survival ar 104 waeks, Tor which the test was
designed. When the Levdig cell rumor data were evaluated in the Poly-3 test based on the exact
death times obtained through coimmunications with Dr. Belpoggi. Kissling et al. (2007) reported
the incidence of Levdig cell tumors 1o be 3/37.8 (8%). 5/37.6 (13%), and HJ404 (27%) in
control, tow-, and high-dose rats, respectively, based on the effecrive number of rats at risk alter
adjustment for survival at 104 weeks. These data campare o the incidences of 3/26 (12%), 5/25
(20%), and 1 1/32 (349¢), respectively. based on the total number of rats alive at the appearance
of the first Leydig lumor (96 weeks) reporied by Belopogsi et ak (1995). A BMDLyy, of 67
mp/kg-day (data not shown)} was estimated by NSF International based on the adjusied survival
reponied by Kissling er al, (2007). Note that the Benchmark Dose program (V.1.4.te., 2007a)
rounds the number of rats in each dose gronp to 38, 38 and 40, respectively. This BMDL,g of 67
ng/kg-day compares to the BMDL e of 32 ma/kg-day based on the survival at 96 weeks, time of
first Leydig tumor, The BMDLy, for Leydig tumors based on Poly-3-adjusted survival is
provided as a comparison only. as no regulatory guidance is available regarding Lhis Poly-3-
based approach to esiimare the BMDL,. Further, the performance of the Poly-3 test depends on
how closely it represents the correct specification of the time-at-risk weizht in the data (Moon et
al., 2003). A similar monality-adjusted analysis for the bymphatic tumors in female rats was not
idemified in the pablished literature.

As noted above, a key difference n the methodology of the Belpoggi et ai. {1995} study
compared to NTP chranic swdies is that the treatment duration and sacrifice time are the same
(104 weeks) for NTP rat studies. Whereas, Belpougd et al, (1995) observed the rals until natural
death in order to assess lae-appearing timors, although the reatment duration was 104 weeks.
NSF used the toral number of rats alive af the appearance of the first Leydig tumor (96 wecks)
reported by Belopoagi et al. {1993) in arder o estimate the BMDLy. NSF did not feel it was
appropriate to inclade all sixty animals per dose in the BMDLe estimation. since the late-
appearing Levdig cell umors may have been spomtaneous. particularly considering the high
spontaneous incidence of this twmor and the fact that Portier ¢ al, {1986) found spontanecusfy-
oceurring Leydig cell tumuors in control rats, albeil the F344 strain, w be clearly non-lethat. Note
that a BMDILgbased un Poly-3 adjustment for suevival at 104 weeks for the lymphatic tumors jo
female rais could not be estitnated by NS Inlernational, beeause survival data at 104 weeks was
not reporled by Belpoggi et al. (1995).

Two inhalation studies in rats (Borleigh-Flayer eral.. 1992: Chun et al.. 1992: Bird et al.. 1947)
and the gavage study (Belpoggi et al. 1995: 1997: 1998) in rats were used by OEHHA {19995 o
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develop a public health goal (PHG} of 13 ppb for methyl 1~butyl ether in drinking water. The
value was derived from the geometric mean of the cancey slope factors of the combined male rat
kidney adenomas and carcinomas after inhalation exposure, the male rat Leydig cell wwmors after
gavage and inhalation exposure, and the leukemia and lymphomas in female rats afier gavage
exposure. The value was set at the 10 cancer risk tevel and assumed three liters of warer
consumption per day. OEHHA (1999) indicated that while some reviews have given less weight
to the Belpoggi et al. (1995; 1997: 1998) studies, OEHHA (1999) found that they contributed to
the overall weight of evidence.

OEHHA (1999) did not consider, the renal wbhule mors observed in male rats after clironic
inhalation of methy! t-butyl ether to be associated with g-2p-globulin nephropathy, and cited
investigations by NSTC (1997} and U.S. EPA (1997). These revizws reported that the possibility
of male rae-specific o-2p-globulin nephropathy playing a significant role in the pathogenesis of
methyl t-butyl esher rat kidney tumors is unkikely, According vo OEHHA (1999}, these reviews
conclude thar the dats indicate only mild accumulation of a-2p-glabulin and mild or partia)
expression of ¢-2p-globulin associated nephropathy in male rats, while clearly exacerbating the

expression of non- ¢-2)l-globulin rat nephropathy in both males and females. Further, a dose-

dependent increase in momality from chronic progressive nephropathy was observed in male rats
at all'dose levels, and in females at the mid- and high-dose levels in the rat inhalation bipassay
by Bird et al. (1997). However, the IPCS (1998} considered oll investigations on nephrotoxicily
associated with methyl r-butyl ether exposure in laboratory rats to be consistent with ¢-2p-
globulin nephropathy and of questionable relevance to human health.

Due to the limited oral data for methy! t-butyl ether, Dourson and Felter {[997) reviewed the
toxieokinetic data for methy! t-buryl ether and suggested that there are sufficient data 1o conduct
an inhalation-to-oral rowte exirapolation for methyl -butyl ether. Based on ihe two-year
inhalation toxicity study by Chun et al. (1992}, in wiich rats were exposed to 0, 400, 3,000, or
8,000 ppm methy! t-butyl ether for six hours per day and five days per week, human equivalent
oral doses of 0, 130, 940, or 2,700 my/kp-day were estimaled. These doses were estimated using
a physiologically-based pharmacokinetic model that compared the dilferences between the
absorption, disuribution, metabolism, and elimination of inethyl t-butyl ethey afier inhalation
compared to oral exposure. Alter a veview of the Kinetic and metabolism data. Dourson and
Felter (1997) concluded that the ratio of inhalation-to-oral absorption was between (.4 ro 1, and
thus chose 0.5 for the absorption component of the physiologicaily-based pharmacokinetic
model. |t was also concluded that the ratios between inhalation-to- oral distribution, metabolism.
and elirnination of methy! t-bulyl ether in rats were each one. since these parameters were
considered equivalent between the inhalation and oral routes. The human equivalent oral doses
that were estimated based on the the Chun et al. (1992} chronic inhalation siudy were proposed
for use in oral non-cancer and cancer risk assessments for methyl t-butyl ether. In this study,
renal wibwlar tumors and Leydig imerstitial cell wumors were observed au an increased incidence
in'male rats compared to controls.

Based obn the physiologically based pharmacokinetic model proposed by Dourson and Felter
11997). the proposed human equivalent oral doses of 0. 130, 940, or 2.700 ing/kg-day were used
to estimate a BMDL for methyi t-butyl cther bused on the incidence ot Leydig cell tumors in
male rats inhating methyl -butyl ether for two years (Appendix A Section 14.3). Ar human
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equivalent oral doses of 0, 130, 940, and 2,700 my/ke-day, the incidence of Leydig cell tumors
was 32/560, 35/50, 4150, and 47/50, respectively.

The Gamma, Multistage, Quantal {inear, and Weibull models providad the best fits, based on the
same lowest AIC value, local Chi® values of less than the absoluie value of twe for all data
points, and 2 good fit of both the BMD and BMDL dose-response plots (Appendix A). The
calculated BMD (158.8 mgfkg-day) and BMDL (1024 mp/kg-day) for aI] four models were
identical and in close approximation of ¢ach other. As an altemare to a 10 dancer rigk level for
methyl t-butyl ether based on Leydig tumors in male rats or lymphatic tumors after gavage
exposure, the BMDL of lU” 4 mg/kg-day. based on Leydig tumors afier inhatation expnsnre can
be used io ealeufae the |07 cancer risk tevel for methyl 1-buty] ether.

107 risk level in rats = BMDL {(0.00001)
0.1
107 visk level inrats = 102 .4 mg/ke-dav (0.00001)
0.1
10°® risk level inrats = 0.8 mgskg-day

This 10°® risk level dose of 0.0] mg/kg-day based on Leydig wmors in rais after inhalation
exposure is three times higher than the 107 risk level dose of 0.003 ma/kp-day based on Leydip
tumors in rats after gavage exposure.

Similarly, the proposed human equivalent oval doses of 0. 130, 940, or 2,700 mg/kg-day from

Dourson and Felter (1997) were used to estimate o BMDL for methy) 1-buty! ether based on the.

combined incidence of ranal tubnle adenoma and carcinomas in male rais observed afler chronic
inhalation. As suggested by OEHHA (1999). this approach considers that the renal tubule
wmors are not associuted with o-2p-globulin nephropathy (Appendix A, Section [4.4). At
human equivalent oral doses of 0. 130, 940, and 2,700 mg/ke-day, the combined incidence of
renal tbuie adenoma and carcinomas was 1/35, 0132, 8/31, and 3/21, respectively.

Since none of the models provided a good fit, data for the highest dose level were omitted and

the models were re-run (Appendix A, Section t4.5). The resulis of the BMDL modeling with the ‘

highest dose omitted provided a better fit than with all the dose levels. In general, however, the
fits for all models using the data for renal tbole tumors in male rats after inhalation exposure
were not as good as when using the data for thé Leydig tumors in male rats after inhalation
exposure,

When data for the highest dose level were omitted, the Multistage and Quant..\l Quadratic models
pravided the best fits, based on the same lowest AIC value, local Chi® values of less thun the
absolute value of two for all data points, and a good fit of both 1he BMD and BMDL dose-
response plots (Appendix A). Since the calculated BMD (580 ma/kg-day) and BMDL 439

me/ka-day} for the Quantal Quadratic model were ia closer approximation of each other, the

BMDL from the Quantal Quiadratic model of 439 ing/kg-day was preferred over the BMDL of
303 mg/kg-day irom the Multistage model.  As an alternate to a 107 cancer risk level for methyl
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t-butyt ether based on Leydig mmors in male rats after gavage expdsure or Leydig wmons in
male rats after inkalation exposure, the BMDL of 439 mg/kg-day, based on combined incidence
of renal tubule adenoma and carcinomas in male rats after inhalation exposure. can be used ©
calculate the 107 cancer risk level for methy| t-butyl ether.

10 risk level inrats = BMDL (0.006013
0.1
10 risk level inrats = 439 ma/ka-day {0.0001)
’ 0.1
107 risk level-in rats = .04 mg/ka-day

This 10 risk level dose ol 0.04 mg/kg-day. based on renal tubule adenomas and carcinomas in
rats after inhalation exposure, is more than one order of magnitude higher than the [0°° risk leve!
dose of 0.003 mg/ke-day, based on Leydig timors in rats after gavage exposure, and four times
higher than the [0 risk level dose of 0.0! mg/kg-day, based on Leydig wmors iu rats afeer
inhalation exposure. Overall. data for the Leydig tumors in male rats after inhalation exposure in
the Chun et al. (1992) study provided the best fit for the BMDL moedels as compared 1o the data
for Leydig tumors after gavage exposure from the Belpoggi et al. (1995: 1997 1998) study or
the renal tumors after inhalation exposuore in the Chun et al, (1992) study.

However, iecognizing the deficiencies in the Belpoggi et al. (1995) study, using a chronic oral
study to estimate lifetime cancer risk from orul exposure to methyl t-buty! ether was considered
more appropriate than using a chronic inhalation study aud conducting an inhalation-route-to-
vral-route extrapolation to estimate a lifetime cancer risk from oral exposure to methyl -butyl
ether. Although there are no chronic oral data in humans, there is “suggestive evidence of
carcinogenic potential " after chronic gavage exposure to methyl -butyl ether in rats. Further, the
weight of genotoxicity evidence suggesis that methyl t-butyl ether has some genotoxic potential
and there were insefficient data to support 2 non-genotoxic mode of action. In the absence of
niode of action information, the U.5. EPA (2003} generally takes a conservarive, or public
health-protective, default position. which assumes thatthe animal tumor findings ave relevant w
humans, and cancer risks are assumed to conform to fow dose linearity. Based on this approach.
the Leydig cell tumors in rars were assumed 1o be relevant to humans, and the associated cancer
risks were assumed to conform 10 low dose linearity, Thus, a 107 caneer risk level for methy! t-
butyl ether was extrapolated from the chronic gavage BMDL,p of 32 mg/kg-day for the Leydig
cell tamors in male rais, which was essentially the same as the BMDLyy of 36 mg/kg-day for
leukemiaslymphomas {combined) in female rats. The Belpoggi et al. (1995) study was
considered adequate for the purposes of risk assessment. The drinking waler action levels
developed in this risk assessment are protective of public health. since they were based on the
tumear incidences observed in a chronic pavage study.
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2 | 130  APPENDIX A . { Pormatted: Bullats sna
3 R . Humberlag

4 | 121 _ Benchmark Dose for Leydig Cell Tumors after Gavage Exposure : “Formatted: Evllats and
5 Numbering '
6 S ——

1 Gamma Model. (Version: 2.1 1: Dale: 10/3172007

3 Input Dara File; CABMDS\WUNSAVED L. (¢}

9 Gnuplar Pletting File: CABMDSIUNSAVED Lph
10 Thu Jan 24 13:29:50 2008
11 =
12 BMDS MODEL RUN
13 —

L4 The form: of the probability tunction is:

15

16 Plresponsel= background+ I-background ¥CumGammal(siope®dose.power],

17 where CumGamma,) is the cununulative Ganma distribution function

8

19 Dependens variable = COLUMN2
20 Independent variable = COLUMNI

21 Power parameler is restricted as power >=1

22

23 ‘Total nutber of ohservations = 3

24 Total number of records with missing values = 0

25 Maximum number of iterations =250

26 Retative Function Convergence has been setw: 1¢-008
27 Parameter Convergence has been ser to: 1e-008

28

29 Default [nilial (and Specificd) Paramerer Values
30 Background=  0.12963

31 Slope = 0.00333091

32 Power = 1.3

33

34 Asympiotic Correlarion Mairix of Parameter Estimates
35

36 (* The model purameter(s) -Power have becn estimared at 2 boundary point, or have been specified by
37 the uscr, and do not appear in the correlation matrix )

38

39 Background Slope

40  Background I -0.58

41

42 Slope  -0.58 1 -
43

g Parameter Estimates

43

46 95.0% Wauld Confidencs lurerval

47 Varuble Bstmate St Err. Lower Confl Limit  Upper Conf. Limit
48 Buckarourd 0.122284 00572279 OTaEIv2 0.23444%
19 Slope D.0O0I73848 0000886228 © 2.15052e-005 0.00349546.
50 Power i NA
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NA - Indicates that this parameter has hit a hound implied by some inequalicy constraint and thus
has no standard error.

Analysis of Deviance Table

Model  Log(likelihood) # Param's Deviance Test d.l. Pevalue
Full mode! -£2.400 3
Fived model -42 4351 3 00499075 | 0.8232
Reduced model ~44.63()9 | 450163 2 0.1053

AlC: 88.8301
Goodness of Fiy

Scaled
Dose  Gst._Prob. Expecled Obsarved  Size Residual

00000 04223 3179 3 26 -0.107

425000 01855 4637 5 25 0187

170.0000  0.349] 11.171 bl 32 -0.063
ChHiAZ=00§ dfi=1  Povalue =0.8224

Benchmark Dose Coniputation

Specified effect = 0.1
Risk Type = Extrarisk

Confidence level = 0.95
BMD = 39.9156

BMDL= 31.5687
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Gamma Mulb-Hit Medel with 0.95 Cenfidence Lave)

Gamma Multi-Hit

BMD Lowsr Bound
0.5

04

0.3

B S P -

Fraclion Affacled

02 -

01

et Ty g

BMBL BMB

———

0 20 40 60 80 100 120 140
dose
13:29 01/24 2008

| 3.2 Benchmark Dose for Lymphomas/Leukemias after Gavage Exposure

160

Gamma Model. (Version: 2.11: Date: 1Q0/31/2007}

Input Dat File: CABMDSWUNSAVED! (d)

Gnuplor Ploting File: CABMDS\WNSAVED Lplt
' Thu Jan 24 13:52:15 2008

BMDS MODEL RLIN

The tform of the probability function is:

Plresponse]= background-+ 1 -hackground P*CumGamma{ slope™dose.power).
where CumGamma.) is the cumulative Gamma «istributios function

Dependent vasiahle = COLUMNZ |
Independent variable = COLUMN1
Power purameter is resiFicted as power >=1

Total number ol observations = 3
Toeal pomber of recards with missing values = 0
* Maximum number of iterations = 234}
Relative Funiction Convergence has been sl io; 1e-008
Purameter Convergence has been set 1o 1e-M)§

cad e

Rumbering

Formatked: zulleus ar-.é '
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Diefault Inital (and Specilied) Parameter Values
Backpround =  0.0423729
Slope = 0.00460149
Power = 1.3

Asympiotic Corretation Matrix of Parameter Estimates

{ *** The model parameler(s) -Power have been esritnaled at a houndary peint, or have been specitied by
the user, and do not appear in the correlalion matrix }

Background Slope
Background | 0.49
Slope -0.49 ]
Parameter Estimures
95.0% Wald Conlidence Interval
Variahle Estimate Sul. En. Lawer Conf, Limit Upper Conf. Limit
Background 0.0419587 0,0264021 -0.00973844 0,0937059
Slope  0.00184323  0.00061981 (.000628423 (0.00305803
Power 1 NA

NA - Indicates that this parameter has hit 2 bound implied by some inequality consiraint and thus
bas ao standard error. :

Analysis of Deviance Table

Model  Lopg{likelihood) # Param's Deviance Test d.f, P-value
Full model -55.798 3
Fitted model -56.104 1 20612346 | 0.4339
Reduted inodel -61.6305 1 11665 2 0.00293|

AIC: 116.208
Goodness of Fit : : N

Scaled
Dose  Est._Prob. Expected Observed Size Residual

06000 0.0420 1434 2 38 -.284
33,7000 0,1079 5.304 7 31 N.675
1520000 0.2761 12,974 12 47 -).318

Chin2=0.64 df.=1 P-value = 0.4246

Benchmark Dose Computirion

Specified efiect = 0.1

Risk Type = Exurarisk
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[
2 Conlidence level = 0.93
3
4 BMD = 57.la60%
5
6 BMDL = 35.7657
Gamma Mulii-Hit Modei wath 0.95 Confidence Level
i Gamma Multi-Hi - ;
0.4 £ BMD Lower Bound - ----- 3
£ i
0.35 ¢ i
03¢
= i
@ 1
T 025
g
€ 02t
3
[ X
& 015 %
b !
XN :
0.05 ;
0 3
BMDL | BrMD
] 20 40 80 80 100 120 140
dose
7 13:62 01724 2008
8 .
9 | 2.t Benchmark Dose for Levdig Cell Tumors after Inhalation Exposure
1)
| Results of benchmark dose modeling of Leydig cell fumors from male rats inhaling methyl
12 : t-butyl ether for two years
13
Locat Chi” scaled AIC BMD BMDL
Model residuals < 217 | p-value® (mpfke day) {mg/kp-day)
Gamma Yes 0.93%1 200,39 158.8 1024
Logistic Yes 0.6394 32485 188.7 319
Multistuge’ Yes 0.9391 200.39 158.8 102.4
Probit Yes 0.3460 200.598 927 177.8
Quantal Linear Yes 1.9391 200.39 158.8 §02.4
Quamul Quedratic Yes 0.3743 202.28 6325 503.5
Wethul Yes 0.9391 204039 133.8 1024

* p valee shindd be wreater than L)
" CGruph was consideced & Qood visnal 170 iF ihe sandard deviation fer each dove (211 within the estimaesd dose respomse curve
* Mudiistage degrea of pofynomial= 1
Note that Benchnrrk Dose Sofiware Version |31 used
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SRevision: 2,2 § SDate: 2001/03/14 01:17:00 5
Input Data File: CABMDS\DATAW TEE_CHUN_LEYDIG.(d)
Gauplot Ploiting File: CABMDS\DATAWTBE_CRHUN, LEYDIG.plt

Fri Nov 07 15:47:21 2003

BMDS MODEL RUN

The form of the probability funciion is:

Plrespanse]= puckpround-+ | -buckgrouady* CumGamma] slope*tose. power}.
whete CumGamma(,) is the cummulative Gamsna distribution {uuction

Dependent variable = COLUMN3
ladependent variahle = COLUMNI

Power parameler fs restricted a5 power >=|

Total number of ohservations =4

Total number of records with missing vaines =0

Masimum nurber of iterations = 250
Relative Function.Convergence has been seit to: 1e-(108

Parameter Convergence has been set lo; fe-008

Default Initial ¢and Specificd) Parameter Values

Background =

0.637255

Stope = 000109377
Power =

1.3

Asymptotic Correlation Marsis of Parameter Estimates

{ *** The model parameten(s) -Power have een estimated ata boundary point. or have baen specified by the
user. and do rot appear in Lhe correlation matrix )

Backaround Slope

Buckaround 1 -0.43
Shope 048 4
Parameler Estinisies
Variable Eatinre Sul. Err.
Buckaround 0.656225 0.049257%
Slope 0.000663087 {L.G00200204
Power I NA

NA - Indicates that this paanicter has hir a kound implicid by some inequality constraint and thas has no standard

SO,

Analysis of Deviance Table

Maodel  Log(liikelthood} Devisnee Test DF - P-valc

Full model
Fiwed model
Hedueed model

AlC:

98,1322
-8.193
-10.63]

203,39

.125725
17,0012

2

a
J

14954
(LTG5
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. Geodness of Fil

Scaled
Dose  Est., Prob, Expecred Observed Size  Residual
0.0000  0.6562 32811 32 50 -0.2415

1304000 0.0846 34,232 33 5o 02337
2400000 (.8158 40789 a1 0 0.076%4
2700.0000 0.9437 47,136 47 50 -0.03262
Chi-ssquare= Q.13 DF=2 P-value = 0,9391

Benchmark Dose Computation

Specilied effect = ad
Risk Type = Extrarisk
Confidence tevel = 0.95

BMD = 158,75

BMDL = 102.395

Gamsma Multi-Hit Moded with 0.95 Conlidence Level

ntethyl (-butyl ether. 02708

Gamma Multi-Hit

1
1
H
]
H
H
H
H
4
i
H
H
H
:

1
' BMD Lower Bound =~ -
09 i'
g !
g 08 3
E I
< H P
g ori .
o H ~
g i
R
06§
05 ¢
L BMDL BMD
0 500 1000 1800 2000 2800
dose
15:47 11/07 2003
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1 | 1x3  Benchmark Dose for Renal Tumors after Inhalation Exposcre . t;onr;alt_l::ed: Builets and
el - . . Humbering ;
3 Results of henchmark dose modeling of renal tubule adenomas and: carcinomas (combined) :
4 from male rats Inhaling methyl t-buty] ether for two years
5
e T Eowak sl [ E S T BV [ BMDE,
e Mioder T | residuals <F 217 | povalie® . M L E omeikeedagd | (oig/kiidagh - !
Gummi Ne 0.0136 74,7039 - 22 336
Logistic No 0.0210 74,1403 310 444
Mulristage” Yes 0.H36 747039 922 538
Probit No 0.0010 790339 1132 735
Quantal Linear No 0.0136 747039 922 536
Quanlal Quadraiic Yes 0.0005 79.8644 2108 1249
Weibull No 0.0136 74.7039 922 336
* p value should be peeater than §.1
" Graph was considered a good visrz: ¢ 1l 1he standard devialion for cach dose el within the estimated tose response curve
" Muliistage deuree of polynomial = 3
Note that Benchmark Dose Software Vi -ion 13,1 used .

6

7

B Quantal Quadratic Model SRevision: 2.2 § SDale: 2000/03/17 22:27:16 &

9 Tapur Data Fite; CABMDS\DATAMTBE_CHUN_RENAL_OMIT_HIGH.(d)

0 Gruplot Ploning Fite: CABMOS\DATAWATBE_CHUN_RENAL OMIT, HIGH.ph
1 Mon Nov 10 11:00:55 2003

2 —_

14 BMDS MODEL RUN

17 The Form of the probabiiity function is:
19 Plresponse] = background + (1-background)*[1-EXPi-slope=doser2)]

24 Dependant variahle = COLUNMNI
22 Independent vartable = COLUNMNI

23

2 Total number of observations = 3

25 ‘Fota) aumber of records with missing values =0

26 Maximum number of iterations = 230

27 Relative Function Convergence has baen set to: fe-008
28 Parameter Convergence has been seno: |¢-008

29

30 Default Initkd (and Specifred} Parameier Yalues
31 Backgropnd = 0,34 16667

32 Slope = 3.0124¢-007

33 Power = 2 Spevified

34

32 Asymptotic Correlation Marix of Paramecler Eslintales
3

37 ¢ #3%> The model parameter’s) -Powar have heen estimated at a boundary point, or have been speciliod by the user,
RE and do nol appear in the correlation matrix

39
40 Bachground  Slope
14 Buckzround 1 -n.1s

(G

it 3 =y e e o
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Slope 0.5 !

Parameter Estirmnaics
Variable Estimale Sid. B
Background 0.015063 0.0149491
Slope 3.13042e-007 1.18417¢-007

Analysis of Deviunce Table

Model Low(likelihood) Deviance Test DF P-value
Fuil modet +22.2424

" Fitted model  -23.0700 165528 | 0.1982

Reduced model | -300832  [5.641 2 0.0004014
AlC: 501303

Goodness of Fit
Sculed
Dose  Est._Prob. F<pe :od Obseyved  Size  Residual
0.0000  0.0151 us7 | 35
1300000 00203 0.648 1] 32. 08135
9400000  0.2531 T7.845 8 31 0:.063%9

Chi-square=  LI0 DF=1  Povaluc =0.2051
Benchmark Dose Compularion
Specified effcet= | 0.1
Risk Type = Extrarisk
Confidence level = 095
BMD = 380,147

BMDL= 439.007

methyl thutyl ether- 0208

B
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Quantal Quadratic Model with 0.85 Confidence Lavel

¥

s o e e ey

Quantal Quadratic
- BMD Lower Bound - - - - i -
04t
3 03} 4
% -
§ o2t ” :
w
(R IS _s
of 7
. BMBL. BMD L
8] 200 400 &30 BOO 1000
dose
{ 11:00 11710 2003
2
5 | 132  Benchmark Dose for Renal Tumors after Inhalation Exposure (omit highest dose) +
4
3  Results of benchmark dese modeling of renal tubule adenomas and carcinomas (combined)
6 from: male rats irhaling methy! t-butyl ether for two years {omit highest dose)
7 .
TR Local Cpiz_sealed l a -AIC EER A BMD " BWL _!
- Maodet- " | " residuals<[ 212 | p-value® <R T | pfkpeday) | Gmpfligeday)
Gamma Yeas NA 517978 773 323
Logistic Yes NA 51,7978 833 314
Multistage” Yes. 1).3951 50.1408 580 a3
Probit Yes NA 31,7978 743 363
QGuanta) Linear Yes 0.1422 52,1041 413 235
Quantal Quadratic Yes 0.2951 50.1405 580 439
Weihull Yes NA 51.7978 334 34

* p valie shonid be greater than (1)

" Graph was considered 2 goed visual 131 3 the suandard deviation far each dose Sell within e estimared dese responise corve
* Multisage depree of polynomiat = 3
Naote that Beachmark Dose Sofiware Version 1,31 used

Quantal Quadratic Moded SRev ision: 1.2 § SDate: 2000/03/17 22:27:16 §
[nput Dk File: CABMDS\DATAVMTBE_CHUN _RENAL_OMIT_HIGH.(d)

Gmeplot Platting File: CABMDSWDATAMTBE_CHUN_RENAL_OMIT_HIGH.gll
. Mon Nov 1O 11:00;55 2003

BMDS MODEL RUN

- Formatted: puilets and
Mumbering
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The form of the probability function is:
Plresponse] = iackground + { | -background)*[ {-EXP(-slope*doses2)]

Dependent variable = COLUMN3
[ndkependent variable = COLUMN]

Total number of abservations = 3

Total number of tacords with missing vahees = 0
Maximum number of iterations = 230

Relative Funciion Convergence has been se to; 1e-008
Parameter Convergence has been set to: le-008

Default fnitial (and Specified) Parameter Values
Background = 0.0416667
Slope = 3.0124¢-007
Power = 2 Specified

Agymprotic Corvafation Mairix of Parameter Estimates

£ *#¥ The model parameter(s) ~Power bave heeo estimated al a boundary ponit. or have been specified by the ogser,
and do not appear in the currelation matrix ) .

Background Slope
Background 1 «0.lS
Slope -0.18 ]

Pasameter Estimates

Variable Estimalz Sid. Err.
Baekground 0.015063 0.01459491
Slope 3.13042e-007 1841 7e-007

Anatysis of Deviance Tahle
Modet  Logilikelihood) Deviance Test DF Prvalue
Full model -32,2425
Fitted model -23.0703 1.65528 | 0.1982
Reduced model -10.0632 156470 2 Q0004012
AIC: S0.105

Goodness of Fit -

Scaled
Dose Est._Prob. Expecled Ohserved Size Residual
DGO 0.015) 10,527 I 35 Lasal
1300000 (0203 0.648 0 32 L8135
9300000 02331 7.345 5 I 00639
Chi-square = 1.1 DF=1 P-value = (1. 2G5E

Benehwmurk Dose Computaion

P

TR
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2
3 Risk Type = Bamarisk
4
3 Confidence level = (.95
6
g BMD = 580.147
9 BMDL = 439,007
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April 2010 ADDENDUM to Draft Methyl teritary-Butyl Ether
Oral Risk Assessment Document, NSF International, February 2008

The February 2008 draft risk assessment for methyl teritary-butyl ether (MTBE) by NSF
International did not include the calculation of a risk value based on non-cancer
endpoints. Non cancer endpoints were considered in the evaluation but were determined
to be a less sensitive endpoint, compared to the cancer endpoint, and was therefore not
included in the original assessment. This addendum represents the quantitative
determination of non-cancer effects associated with oral exposure to MTBE.

The NSF International (2008) assessment for MTBE determined that there is “suggestive
evidence of carcinogenic potential” after gavage exposure to MTBE in rats. This
determination was based on an increase in Leydig cell tumors in male SD rats and
leukemias/lymphomas (combined) in female SD rats that received MTBE via gavage for
two years (Belpoggi et al., 1995). The non cancer assessment was based on a NOAEL
from a ninety-day oral toxicity studies of methyl tertiary-butyl ether in Sprague-Dawley
rats.

The Total Allowable Concentration (TAC) for MTBE based on non-cancer effects of 0.7
mg/L was calculated and exceeds the Total Allowable Concentration (TAC) for MTBE of
0.1 mg/L based on the cancer endpoint. For the purpose of evaluating cross linked
polyethylene tubing/pipe for residential applications to NSF/ANSI Standard 61, the Total
Allowable Concentration (TAC) for MTBE of 0.1 mg/L will be used because it is
protective of both cancer and non cancer endpoints.
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ADDENDUM EXECUTIVE SUMMARY

Methyl tertiary-Butyl Ether (MTBE) — Oral Risk Assessment CAS # 1634-04-4

PARAMETER LEVEL UNITS DERIVED
NOAEL (no observed adverse effect level) 300 mg/kg-day | From a 13-week gavage study in SD rats
Oral RfD (oral reference dose) 0.1 mg/kg-day };::g:rthe NOAEL with a 3000x total uncertainty
— . 5
TAC (total allowable concentration) 0.7 mg/L For a.70 kg adult drmlfmg.2 L/day with a 20%
Relative Source Contribution
SPAC (single product allowable 0.07 me/L From the TAC, assuming 10 potential sources of
concentration) ' & MTBE in drinking water
Not .
STEL (short term exposure level) determined mg/L Not applicable

Robinson, M., R.H. Bruner, and G.R. Olson. 1990. Fourteen- and ninety-day oral toxicity studies of

SSUSITEIORS methyl tertiary-butyl ether in Sprague-Dawley rats. ] Am Coll Toxicol. 9(5):525-540.
CRITICAL The NOAEL was based on the approximate threshold associated with the induction of adaptive liver
EFFECT(S) responses after subchronic gavage exposure to MTBE.

UNCERTAINTY

FACTORS

Factors applied in calculating the oral RfD include:
e 10x for interspecies extrapolation
e 10x for intraspecies extrapolation
. Ix for LOAEL to NOAEL extrapolation
e 10x for subchronic to chronic extrapolation
e 3x for database deficiencies
The total uncertainty factor is therefore 3000x.

TOXICITY
SUMMARY

Oral toxicity data for MTBE in humans were limited to sensory irritation effects after occupational
exposure or kinetic parameters after single-dose exposures. Gavage but not drinking water exposure to
MTBE in laboratory rodents was associated with increased liver weights and altered blood parameters
(blood urea nitrogen and cholesterol) accompanied by centrilobular hepatocyte hypertrophy. Increased
mean kidney weights, hyaline droplet formation, and o-2p-globulin immunoreactivity were observed in
the proximal tubules of male rats after drinking water or gavage exposure. All investigations on
nephrotoxicity associated with MTBE exposure are consistent with a-2p-globulin nephropathy, which
was not considered relevant to humans. The liver effects observed after subchronic gavage exposure
were attributed to an adaptive mechanism by the liver to metabolizing bolus doses of MTBE since they
were not observed after drinking water exposure. The effect of long-term exposure to MTBE at levels
below the threshold that would elicit such adaptive responses is unknown. While adaptive mechanisms
to metabolizing high-dose chemical exposures are usually reversible upon cessation of treatment, these
mechanisms, if provoked for a sufficiently prolonged duration, may result in irreversible changes that are
considered adverse and potentially relevant to humans. The NOAEL was considered 300 mg/kg-day
based on the threshold associated with the induction of adaptive liver responses that occurred at 900
mg/kg-day after subchronic gavage exposure to MTBE. Although standardized chronic inhalation
bioassays are available for MTBE, insufficient kinetics data are available to reliably extrapolate an
inhalation concentration in rats to human equivalent oral doses.

CONCLUSIONS

A physiologically-based pharmacokinetic model extrapolating oral rat doses to humans and additional
studies examining potential modes of action would increase the confidence and reduce the uncertainty
associated with the non-cancer risk levels derived herein. The relevance of the drinking water levels
derived herein should be re-evaluated when the results of an ongoing two-year drinking water study
becomes available.

il
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MTBE is an aliphatic dialkyl ether with synonyms of 2-methoxy-2-methylpropane; 2-
methyl-2-methoxypropane; ether, tert-butyl methyl; MTBE; methyl 1,1-dimethylethyl
ether; methyl tert-butyl ether; methyl tertiary-butyl ether; propane, 2-methoxy-2-methyl-;
t-butyl methyl ether; tert-butyl methyl ether (ChemIDPlus, 2003). It has trade names of 3
D Concord, Driveron, HSDB 5487, and UN 2398 (IPCS, 1998). It has the following
structure, and physical and chemical properties listed in Table 1:

Table 1. The physical and chemical properties of MTBE

Property Data Reference
Empirical Formula CsH;,0 OEHHA, 1999
CAS# 1634-04-4 OEHHA, 1999
Molecular Weight 88.15 OEHHA, 1999
Physical State and Color colorless liquid at room temperature | IPCS, 1998
Melting Point -109°C OEHHA, 1999
Boiling Point 55.2°C IPCS, 1998
Density 0.7404 at 20°C IPCS, 1998
Vapor Pressure 33,500 Pa at 25°C IPCS, 1998
Water Solubility 51 g/L at 25°C OEHHA, 1999
Dissociation Constant (pK,) Not reported
n-Octanol/Water Partition Coefficient (log K,y) 1 430('21;111;2 te d)b bil‘:tfxs/,/elsgc.gsilrres.com
Henry’s Law Constant (air/water partition) 5.87 x 10 atm-m’/mole at 25°C OEHHA, 1999

1.1  Organoleptic Properties

MTBE has a terpene-like odor (IPCS, 1998). Individual variability in sensitivity to taste
and odor make it difficult to identify odor and taste thresholds for MTBE in water (ECB,
2002). IPCS (1998) has reported that the taste threshold for MTBE in water is 134 ppb.
OEHHA (1999) has cited various sources that report odor thresholds for MTBE in water
of between 2.5 to 680 ppb. The U.S. EPA (1997) recommended a drinking water level of
20-40 ppb for MTBE, based on averting taste and odor. More recent data by Suffet et al.
(2007) suggests that the odor threshold for MTBE in water is > 15 ppb.
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2.0 PRODUCTION AND USE
2.1 Production

Industrially, MTBE is derived from the catalytic reaction of methanol and isobutylene
over an acidic ion-exchange resin catalyst such as sulfonated styrene cross-linked with
divinyl benzene in the liquid phase at 38-93°C and 100-200 psi (IPCS, 1998). It can also
be prepared from methanol, t-butanol, and diazomethane.

MTBE is among the 50 highest production volume chemicals (IPCS, 1998). In 1999, total
worldwide annual production of MTBE was about 21 million tons or 46.3 billion pounds
(ECB, 2002). MTBE is a high production volume chemical in the United States (U.S.
EPA, 2007) and European Union (2004).

2.2 Use

It is anticipated that the use of MTBE will continue to increase (IPCS, 1998). North
America is the largest consumer of MTBE, accounting for about two-thirds of the world's
annual use (IPCS, 1998). In 1996, the US was the world's largest consumer of MTBE
with a usage of 10.6 million tons (12.2 billion pounds) per year.

The major use of MTBE is as an oxygenated additive in gasoline, in which it is blended
at 2 to 11.5% by volume (ECB, 2002). IPCS (1998) reports that MTBE has been added to
gasoline in concentrations up to 17% by volume. Only a minor amount is used for other
purposes, such as solvent instead of diethyl ether or diisopropyl ether in both the
chemical and pharmaceutical industry and laboratories (ECB, 2002). Approximately
25% of gasoline in the USA is blended with MTBE (IPCS, 1998). MTBE is almost
exclusively used to provide both octane enhancement and an increase in the oxygen
content of gasoline. No approved uses for MTBE as a direct or indirect food additive
were identified under Title 21 of the U.S. Code of Federal Regulations (U.S. FDA, 2010).

3.0 ANALYTICAL METHODS
3.1  Analysisin Water

Sorption/desorption, including purge and trap systems, and headspace procedures have
been used to prepare water for analysis of MTBE (IPCS, 1998). The analytical methods
for MTBE in water have been reviewed by IPCS (1998). These methods include the static
headspace procedure using gas chromatography with photoionization detection (GC-PID)
with a detection limit of 10.8 pg/m’ and the purge and trap procedure using gas
chromatography-mass spectrometry with detection limits ranging from 0.06 to 5 pg/L.
NSF International uses U.S. EPA (1995) method 502.2 employing gas chromatography
for volatile compounds to detect MTBE as an extractant from drinking water system
components tested to NSF/ANSI Standard 61 (2009). The reporting limit is 0.5 pg/L.
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3.2  Analysis in Biological Matrices

MTBE is analyzed in biological matrices generally by gas chromatography, using a range
of capillary columns and detector systems suited to the specific matrix (IPCS, 1998).

4.0 SOURCES OF HUMAN AND ENVIRONMENTAL EXPOSURE
4.1  Sources of Human Exposure

MTBE does not occur naturally in the environment (IPCS, 1998). Groundwater may
become contaminated with MTBE through leaking underground storage tanks or spillage
from overfilling of the storage tanks (ECB, 2002). In the USA, MTBE has been detected
in storm water, surface water, including streams, rivers, and reservoirs, groundwater, and
drinking water (IPCS, 1998). MTBE is infrequently detected in public drinking-water
systems from groundwater. In all but three out of 51 systems in which it was reported, the
concentration was <20 pg/L. There are inadequate data to characterize the concentration
of MTBE in public drinking-water systems from surface water. MTBE has been found at
high levels (i.e. >1,000 pg/L) in a few private wells used for drinking water (IPCS,
1998). MTBE has been detected as an extractant from drinking water system
components tested to NSF/ANSI 61 (2009) at normalized concentrations up to 0.2 mg/L.

Workers with potential exposure to MTBE include those involved in the production,
distribution, and use of MTBE and MTBE-containing gasoline, including service station
attendants and mechanics (IPCS, 1998). The sources of industrial occupational exposure
to MTBE have been reviewed by ECB (2002) and include individuals involved in the
production, formulation, transportation, or distribution of MTBE. These exposures
include personnel employed at service stations, those involved in maintenance operations
and automotive repairs, and individuals in the chemical or pharmaceutical industries in
which MTBE is used as a solvent. Exposure of the public to MTBE can be principally by
inhalation of fumes while refueling motor vehicles and drinking contaminated water
(McGregor, 2006). Maximum internal doses resulting from such exposures are unlikely
to exceed 0.05 mg/kg-day and will normally be very much lower.

4.2 Sources of Environmental Exposure

MTBE may enter the environment during all phases of the petroleum fuel cycle (IPCS,
1998). Sources include auto emissions, evaporative losses from gasoline stations and
vehicles, storage tank releases, pipeline leaks, other accidental spills, and refinery stack
releases. Annual estimates of MTBE mass releases to the environment from all potential
sources have not been reported in the scientific literature. However, releases from storage
tanks, vehicular emissions, and evaporative losses from gasoline stations and vehicles are
perceived to be important sources.

Concentrations of MTBE detected in storm water ranged from 0.2 to 8.7 pug/L with a
median of less than 1.0 pg/L. For streams, rivers, and reservoirs, the range of detection
was from 0.2 to 30 pg/L, and the range of medians for several studies was 0.24 to 7.75
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pg/L. MTBE has generally not been detected in deeper groundwater or in shallow
groundwater in agricultural areas. When detected, the concentration is less than 2.0 pg/L.
MTBE is more frequently found in shallow groundwater (top 5-10 feet of these aquifers)
in urban areas. In this setting, the concentrations range from less than 0.2 pg/L to 23
mg/L, with a median value below 0.2 pg/L (IPCS, 1998).

5.0 COMPARATIVE KINETICS AND METABOLISM IN HUMANS AND
LABORATORY ANIMALS

Numerous studies investigating the kinetics and metabolism of MTBE in humans and
laboratory animals are available. These data have been reviewed by several regulatory
organizations, including FEuropean Chemicals Bureau (ECB, 2002), Office of
Environmental Health Hazard Assessment of the California EPA (OEHHA, 1999), the
International Programme on Chemical Safety of the World Health Organization (IPCS,
1998), the European Center for Ecotoxicology and Toxicology of Chemicals (ECETOC,
1997), the Agency for Toxic Substances and Disease Registry (ATSDR, 1996), and
Health Canada (1992). Several review articles on these data are also available in the
scientific literature.

MTBE was absorbed into the blood of human volunteers who rapidly drank 2.8 mg
MTBE in 250 mL Gatorade (Prah et al., 2004). Mean blood levels of MTBE peaked at
0.17 pumol/L between 15 and 30 minutes following administration and declined to at or
below the detection limit (0.05 umol/L) at the 24-hour sampling period. In human
volunteers who rapidly drank 6.7 ul MTBE in “about 5 mg” of lemon-lime solution, peak
blood levels of MTBE ranged from 5 to 15 ng/ml (0.06-0.17 umol/l) (ECB, 2002).

In rodents, MTBE is well absorbed and distributed following oral administration (IPCS,
1998). Rapid and complete absorption across the gastrointestinal tract was observed in
rats administered MTBE via gavage at 40 mg/kg (ECB, 2002). At 400 mg/kg oral
exposure in rats, the percentage of total absorbed dose eliminated in expired air increased
with a corresponding decrease in the percentage eliminated in urine, indicating a
saturation of metabolism (IPCS, 1998).

In vivo studies on the metabolism of MTBE in humans and rats indicate qualitatively
similar overall metabolism (ECB, 2002). MTBE is oxidatively demethylated by
microsomal enzymes to t-butanol and formaldehyde, but the latter has only been shown
in vitro. In rodents, the biotransformation of t-butanol has been shown to yield 2-methyl-
1,2-propanediol and o-hydroxyisobutyric acid (Figure 1).
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Figure 1. Proposed metabolic scheme of MTBE
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The cytochrome P450-mediated biotransformation of MTBE has been explored in several
in vitro studies with liver microsomes from humans, rats, and mice (ECB, 2002).
Metabolism of MTBE by rat liver microsomes produced equivalent amounts of
formaldehyde and t-butanol, and data strongly suggest that when expressed, CYP2BI1 is
the major enzyme involved in MTBE demethylation and that CYP2E1 may have a minor
role.
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Since these kinetic and metabolism data for MTBE in humans and laboratory animals
have been reviewed previously, the current review focuses on only the new oral data
since these reviews. Recent data confirm that MTBE is rapidly absorbed following oral
administration. Approximately 30% of administered dose in humans was cleared by
exhalation as unchanged MTBE and as t-butanol within 10-20 min. Less than 0.1% of the
administered dose was recovered in expired air as acetone. Approximately 50% of the
administered dose in humans was eliminated in the urine as unchanged MTBE (~0.1%),
t-butanol (~1%), 2-methyl-1,2-propanediol (~9%), and 2-hydroxyisobutyrate (~40%).

5.1  Absorption

Previous data in humans or laboratory animals demonstrate that MTBE is rapidly
absorbed following oral administration. Data by Prah et al. (2004), Amberg et al. (2001),
and Dekant et al. (2001) confirm this observation. MTBE was rapidly absorbed from the
gastrointestinal tract and a significant part of the administered dose was transferred into
blood of human volunteers ingesting MTBE in water or Gatorade. No other recent data
regarding the absorption of MTBE following oral exposure in humans or laboratory
animals were identified.

5.2 Distribution

Recent data regarding the distribution of MTBE after oral exposure were limited to the
measurement of MTBE and one of its metabolites, t-butanol, in blood after oral ingestion
in human volunteers.

Fourteen healthy male volunteers ingested 2.8 mg MTBE (unspecified purity) in 250 mL
Gatorade (Prah et al., 2004). Gatorade was used as the vehicle to mask the unpleasant
taste of MTBE. Blood samples were collected after 0, 5, 15, 30, 45, 60, 75, 90, 105, 120,
180, 240, 360, and 1,440 minutes. Mean levels of MTBE and t-butanol in the blood were
determined using gas chromatography/mass spectrometry. The plasma half-life of MTBE
was determined. The area under the plasma concentration versus time curve was
estimated for MTBE alone and for MTBE plus t-butanol.

Mean blood levels of MTBE peaked at 0.17 pumol/LL between 15 and 30 minutes
following administration and declined to at or below the detection limit (0.05 umol/L) at
the 24-hour sampling period. Blood levels of t-butanol peaked at 0.23 umol/L at the 45-
minute sampling period and did not return to pre-exposure levels by the 24-hour
sampling period. Elimination of MTBE from the blood was best characterized by a three-
compartment model. The mean half-life for MTBE elimination from the blood in the
first, second, and third phases was 14.9, 102.0, and 417.3 minutes, respectively. The
mean area under the plasma concentration versus time curve was estimated to be 1,682
pmol/hr/L for MTBE alone, 20,025 umol/hr/L for t-butanol, and 10,854 pumol/ht/L for
MTBE and t-butanol combined. The mean area under the curve ratio of t-butanol to
MTBE was 13.1 in the blood. Since this study also included the dermal and inhalation
routes of exposure, the study authors suggested that these pharmacokinetic estimates
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were useful in constructing a physiologically-based pharmacokinetic model for MTBE in
humans across different routes of administration.

Three human volunteers per sex and dose ingested 0, 5, or 15 mg *C-MTBE in 100 mL
water (Amberg et al., 2001; Dekant et al., 2001). Blood samples were collected at 60-
minute intervals for the first four hours and at 120-minute intervals thereafter until 12
hours. A final blood sample was collected 24 hours after administration.

At 5 mg, the maximum concentration in the blood averaged 0.10 uM, and these
concentrations were obtained with the first blood samples, which were taken after one
hour. Elimination of MTBE from the blood occurred in three phases, and the mean half-
life of each phase was 0.8, 1.8, and 8.1 hours. Mean blood concentrations of t-butanol
were 1.82 uM. The mean terminal half-life of t-butanol clearance from the blood was 8.1
hours. Levels of MTBE and t-butanol in blood declined to at or near the limit of
detection at the 12- and 24-hour sampling times, respectively.

At 15 mg, the maximum concentration in the blood, which was reached after one hour,
averaged 0.69 uM. Elimination of MTBE from the blood occurred in three phases, and
the mean half-life of each phase was 0.7, 1.2, and 3.7 hours. Mean blood concentrations
of t-butanol were 0.45 uM. The mean terminal half-life of t-butanol clearance from the
blood was 8.5 hours.

5.3 Metabolism
5.3.1 Humans

The metabolism of MTBE was studied in three human volunteers per sex and dose after
ingestion of 0, 5, or 15 mg >C-MTBE in 100 mL water (Amberg et al., 2001; Dekant et
al., 2001). Mass spectrometry was used to identify urinary metabolites in urine samples
collected at 6-hour intervals for 96 hours. At 5 and 15 mg, 46% and 49%, respectively,
of the administered dose was eliminated in the urine as unchanged MTBE, t-butanol, 2-
methyl-1,2-propanediol, and 2-hydroxyisobutyrate. At 5 mg, unchanged MTBE, t-
butanol, 2-methyl-1,2-propanediol, and 2-hydroxyisobutyrate comprised 0.01, 1, 9, and
36% of the administered dose, respectively. At 15 mg, unchanged MTBE, t-butanol, 2-
methyl-1,2-propanediol, and 2-hydroxyisobutyrate comprised 0.1, 1, 8, and 40% of the
administered dose, respectively. Hepatic first-pass metabolism was not observed. The
authors concluded that the metabolic pathway for MTBE after oral exposure was
identical to concurrently conducted inhalation exposure studies.

The metabolism of MTBE was studied in a panel of 12 human liver microsomes isolated
from nine male and two female donors (Le Gal et al.,, 2001). The human liver
microsomes metabolized MTBE into t-butanol and formaldehyde. The mean Michaelis-
Menten constant (Km), which describes the catalytic power of an enzyme or rate of a
reaction catalyzed by an enzyme, was determined. The mean apparent Km(1) was
determined to be 0.25 mM, which was considered low by the study authors, and the mean
apparent Km(2) was 2.9 mM, which was considered high. The study authors concluded
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that kinetic data, along with the results from correlation studies and chemical inhibition
studies, support the assertion that the major enzyme involved in MTBE metabolism is
CYP2AG6, with a minor contribution of CYP3A4 at low substrate concentration.

5.3.2 Laboratory Animals

Williams and Borghoff (2000) investigated the hypothesis that MTBE-induced decrease
in serum testosterone levels in male rats may be due in part to the ability of MTBE to
induce the metabolism of endogenous testosterone and, hence, enhance its clearance.
Fifteen male Sprague-Dawley rats per dose were administered 0 or 1,500 mg/kg-day
MTBE (> 99.9% purity in corn oil) via gavage for 15 days. In a second experiment,
fifteen male Sprague-Dawley rats per dose were administered 0, 250, 500, 1,000, or
1,500 mg/kg-day MTBE (> 99.9% purity in corn oil) via gavage for 28 days. At study
termination, the rats were sacrificed, body and liver weights were determined, and
hepatic microsomes were isolated for measurement of CYP450 activity. Testosterone
hydroxylase activities of hepatic microsomes, which were used as markers for CYP450
enzyme activities, were also assessed. These enzymes included 2-a-, 2-3-, 6-B-, 7-a-, 16-
o-, and 17- B-hydroxytestosterone. = The activities of p-nitrophenol and UDP-
glucuronosyltransferase were also assessed to evaluate the mechanism of centrilobular
hypertrophy observed in rodents after repeated MTBE exposures. The formation of
formaldehyde, a metabolite of MTBE, was also measured.

After 15 days, total hepatic microsomal cytochrome CYP450 was increased 1.3-fold in
rats treated with 1,500 mg/kg-day MTBE. CYP1Al1/2, CYP2A1, CYP2EIL, and
CYP2B1/2 activities were increased 1.5-, 2.4-, 2.3-, and 6.5-fold, respectively, at 1,500
mg/kg-day after 15 days. 7-a-hydroxytestosterone was statistically increased by 2.4-fold
compared to controls.

After 28 days, total hepatic microsomal cytochrome CYP450 was not statistically
different compared to control. At 1,000 mg/kg-day after 28 days, a statistical increase in
mean relative liver weight (10-14%, not further specified) and a 2.0-fold increase in
CYP2B1/2 were observed compared to controls.

After 28 days at 1,500 mg/kg-day, a statistical increase in mean relative liver weight (10-
14%, not further specified) was observed. CYP 2B1/2, CYP2E1, CYP3A1/2, and UDP-
glucuronosyltransferase activities were statistically increased by 2.9-, 2.0-, 2.1-, and 1.7-
fold respectively, compared to controls. 6-B-hydroxytestosterone was statistically
increased by 2.1-fold compared to controls. UDP-glucuronosyltransferase was
statistically increased compared to controls. Formaldehyde production was statistically
increased compared to controls at 1,500 mg/kg-day after 28 days. MTBE also induced its
own metabolism 2.1-fold at 1,500 mg/kg-day after 28 days, and the authors noted that
this effect was consistent with the induction of CYP2E1 and CYP2BI1. It should be noted
that mean body weight was reduced by 12% compared to controls at 1,500 mg/kg-day
after 28 days.
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The study authors concluded that MTBE induced mild increases in testosterone
hydroxylase enzymes. Further, the increase in UDP-glucuronosyltransferase was
consistent with the centrilobular hypertrophy observed in rodents after repeated MTBE
exposures. The decrease in serum testosterone observed following MTBE administration
may be the result of enhanced testosterone metabolism and subsequent clearance.
However, the authors stated that the most pronounced effects were observed at the high
dose of 1,500 mg/kg-day, at which clinical signs of toxicity and reduced body weight
(12%) were also observed. The authors further noted that since the increases in
testosterone hydroxylase enzyme activities were generally mild, the hypothalamus-
pituitary hormonal feedback loop could be expected to compensate for mild reductions in
circulating testosterone in vivo.

Eight female B6C3F; mice per dose were given MTBE (> 99.95% purity in corn oil) by
gavage at 0 or 1,800 mg/kg-day for three days (Moser et al., 1996). Food and water were
available ad libitum. Eighteen hours after the last dose, the mice were sacrificed and
hepatocyte cytochromes were isolated. MTBE induced a statistical increase (37%) in
total hepatic cytochrome P450 content, a 9-fold increase in hepatic 7-pentoxy-resorufin-
O-dealkylase activity (a CYP2B marker) and a 2-fold increase in hepatic 7-ethoxy-
resorufin-O-deethylase activity compared to controls.

5.4 Elimination/Excretion

The elimination of MTBE and t-butanol in expired air was investigated in seven healthy
male volunteers who ingested 2.8 mg MTBE (unspecified purity) in 250 mL Gatorade
(Prah et al., 2004). Gatorade was used as the vehicle to mask the unpleasant taste of
MTBE. Exhaled air samples were collected after 0, 5, 15, 30, 45, 60, 75, 90, 105, 120,
180, 240, 360, and 1,440 minutes. Mean levels of MTBE and t-butanol in exhaled air
were determined using gas chromatography/mass spectrometry.

Elimination of MTBE from expired air was best characterized by a three-compartment
model. The mean half-life for MTBE in expired air in the first, second, and third phases
was 13.0, 63.1, and 254.0 minutes, respectively. The mean area under the curve ratio of
t-butanol to MTBE was 0.175 in exhaled air. Since this study also included the dermal
and inhalation routes of exposure, the study authors suggested that these pharmacokinetic
estimates were useful in constructing a physiologically-based pharmacokinetic model for
MTBE in humans across different routes of administration.

The urinary elimination of MTBE was examined in three healthy human volunteers per
sex administered 5 and 15 mg C-MTBE (> 98% purity) in spiked tap water samples
(Amberg et al., 2001). The different doses were administered four weeks apart. Urine
samples were collected for 96 hours after administration in six hour intervals, and blood
samples were taken in 60-minute intervals up to four hours, then at 120-minute intervals
up to 12 hours, and ultimately at 24 hours. MTBE and t-butanol concentrations in blood
were determined. Urine metabolites, including the parent compound, t-butanol, 2-methyl-
1,2-propanediol, and 2-hydroxyisobutyrate were quantified.
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At 5 and 15 mg/kg, 46% and 49%, respectively, of the administered dose was eliminated
in the urine as unchanged MTBE, t-butanol, 2-methyl-1,2-propanediol, and 2-
hydroxyisobutyrate. The authors concluded that the kinetics of excretion after oral
exposure were identical to concurrently conducted inhalation exposure studies.

In the same experiment, the respiratory elimination of MTBE was examined in three
healthy male volunteers administered 15 mg “C-MTBE (> 98% purity) in 100 mL tap
water samples (Amberg et al., 2001). Approximately 30% of the MTBE dose was
cleared by exhalation as unchanged MTBE and as t-butanol. MTBE exhalation was rapid
and maximum concentrations of 100 nM in exhaled air were achieved within 10-20
minutes. Less than 0.1% of the administered dose was recovered in expired air as °C-
acetone. The study authors concluded that the results indicate that the biotransformation
and excretion of MTBE after oral exposure is similar to inhalation exposure and
suggested the absence of a significant first-pass metabolism of MTBE in the liver after
oral administration.

5.5  Physiologically-based pharmacokinetic models

Although several physiologically-based pharmacokinetic models have been constructed
to model the behavior of inhaled MTBE, models describing the behavior of MTBE after
oral exposure are limited and usually include multiple exposure routes. Kim et al. (2007)
developed a multiple-route (oral, inhalation and dermal) nine-compartment model of
MTBE and t-butanol in humans based on blood measurements of these compounds.
Borghoff et al. (1996) developed a multiple-route (oral, inhalation and intravenous)
seven-compartment model of MTBE and t-butanol in F344 rats. A model describing
MTBE-binding to a-2u-globulin in the kidneys of male rats that inhaled MTBE has also
been developed (Leavens and Borghoft, 2009).

6.0 EFFECTS ON HUMANS

6.1 Case Reports

No recent case reports regarding oral exposure to MTBE were identified.
6.2  Epidemiological Studies

Epidemiological studies of human populations exposed under occupational as well as
non-occupational conditions, and experimental studies of human volunteers exposed
under controlled conditions, have not been able to identify a basis for headache, eye and
nose irritation, cough, nausea, dizziness, and disorientation reported by consumers in
some areas as a result of fueling with gasoline (IPCS, 1998). Although results are mixed,
IPCS (1998) suggested that community studies conducted in Alaska, New Jersey,
Connecticut, and Wisconsin provided limited or no evidence of an association between
MTBE exposure and the prevalence of health complaints. A review of these
epidemiology studies by Phillips et al. (2008) reached a similar conclusion based
primarily on the limitations of the study designs.
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In controlled experimental studies on adult volunteers exposed in inhalation chambers to
MTBE at concentrations ranging from 5.0 mg/m’ (1.4 ppm) to 270 mg/m’ (75 ppm), there
were no evident effects on either subjective reports of symptoms or objective indicators
of irritation or other effects up to 180 mg/m’ (50 ppm) for up to two hours (IPCS, 1998).
Thus, it appears unlikely that MTBE alone induces adverse acute health effects in the
general population after inhalation exposure. However, the potential effects of mixtures
of gasoline and MTBE, and the manner in which most persons are exposed to MTBE in
conjunction with the use of oxygenated fuels, have not been examined experimentally or
through prospective epidemiological methods.

Occupational exposure to MTBE (96 Chinese petroleum factory workers aged 20 to 49,
mean age 29) compared to 102 controls was investigated by Zhou and Ye (1999). Based
on self-reported responses to a questionnaire, occupationally exposed workers reported
health complaints (62 cases, 65%) significantly more than controls (16 cases, 17%). Data
were analyzed with an Epi Info 6 and SAS statistical package and logistical regression
was used to identify confounding factors. The most frequently reported symptoms in
occupationally exposed workers were eye irritation (20%), dizziness (19%), burning
sensation in the nose or throat (18%), insomnia (14%), nausea or vomiting (14%),
headache (13%), fatigue (13%), poor memory (13%), irritability (6%) and skin irritation
or redness (5%). Among these workers, 65 were male and 31 were female; 40 were
smokers and 56 were nonsmokers, and among the 56 nonsmokers 22 were negative
smokers; 9 workers drank and 87 did not drink. The duration of exposure was 1 to 10
years. The TWA (time weighted average) concentrations of MTBE in workplaces ranged
from 10 ppm to 56 ppm (36 mg/m’ to 202 mg/m’). The 102 unexposed controls (aged
from 20 to 49, mean age 28) were from the same factory. Of these controls, 69 were male
and 33 were female; 45 were smokers and 57 were nonsmokers, and among the 57
nonsmokers 20 were negative smokers; 6 workers drank and 96 did not drink. The list of
symptoms including dizziness, headache, eye irritation, burning sensation in the nose or
throat, anxiety, “spaciness” or disorientation, insomnia, fever, sweats or chills, inability
to concentrate, irritability, fatigue, poor memory, skin irritation or redness, muscle aches,
nausea or vomiting, fatigue, fever, diarrhea, cough, difficulty in breathing, sneezing,
bronchitis, rashes and others. Gemder, age, exposure duration/day, length of service, or
drinking or smoking habits did not statistically influence the prevalence of symptoms.
The study authors did not indicate whether they accounted for potential concurrent
exposures to other chemicals in the occupationally-exposed individuals.

7.0 EFFECTS ON LABORATORY ANIMALS AND IN VITRO TEST
SYSTEMS

Numerous regulatory organizations, including European Chemicals Bureau (ECB, 2002),
Office of Environmental Health Hazard Assessment of the California EPA (OEHHA,
1999), the World Health Organization (WHO, 2005; IPCS, 1998), the European Center
for Ecotoxicology and Toxicology of Chemicals (ECETOC, 1997), U.S. EPA (1997), the
Agency for Toxic Substances and Disease Registry (ATSDR, 1996), and Health Canada
(1992) have critically reviewed the studies in laboratory animals for MTBE. This section
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includes only the oral studies for MTBE, due to their significance in the development of
lifetime drinking water levels for MTBE, since studies by the inhalation and/or dermal
routes have been critically reviewed elsewhere.

In addition to the previously reported gavage toxicity studies identified by NSF
International in the February 2008 draft assessment for MTBE, recently published short-
term drinking water studies in adult and juvenile CD-1 or BALB/c mice (de Peyster et al.,
2008), short-term gavage studies in SD rats (Dongmei et al., 2009) as well as preliminary
details for unpublished short- and long-term drinking water studies in Wistar rats
(Bermudez et al., 2007, 2008, 2009) have become available.

No evidence of hepatic peroxisome proliferation was observed in male rats administered
MTBE via gavage at 800 mg/kg-day for 14 days. Increased mean relative liver weight,
cholesterol levels, and/or minimal-to-moderate centrilobular hypertrophy were observed
in rats administered MTBE via gavage at 1,000 mg/kg-day and above for 28 days.
Subchronic gavage and drinking water exposures to MTBE were associated with
increased mean absolute and relative kidney weights in male rats accompanied by hyaline
droplet formation, renal tubular cell regeneration, and/or a-2u-globulin immunoreactivity
in the proximal tubules. Gavage but not drinking water exposure to MTBE for 90 days
was associated with increased mean liver weights, liver-associated blood effects (apartate
aminotransferase, blood urea nitrogen, and/or cholesterol) and/or centrilobular hepatocyte
hypertrophy in rats. Mean relative testes weights were reduced in the absence of
associated histopathology in male rats that received MTBE at 384 mg/kg-day in their
drinking water for one-year. Chronic gavage exposure to MTBE was associated with an
increase in Leydig cell tumors in male rats and leukemias/lymphomas (combined) in
female rats.

7.1 Limited-Exposure Effects

MTBE was found to be irritating to the eyes and skin of rabbits, but did not induce skin
sensitization in guinea pigs.

7.1.1 Irritation and Sensitization Studies

Following the application of 0.5 mL of neat MTBE to the intact and abraded skin of six
rabbits for 24 hours, a primary irritation index of 3.36 was reported, which was
considered "moderately" irritating to skin (IPCS, 1998). Moderate erythema and edema
were observed. Effects were slightly more pronounced on abraded skin. In mice, MTBE
can induce slight to severe respiratory irritation following inhalation of 300 to 30,000
mg/m’, respectively. A 1% induction and challenge concentration of MTBE did not
induce skin sensitization in twenty guinea pigs (IPCS, 1998).
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7.1.2 Ocular Exposure Studies

MTBE was irritating to the eyes of rabbits and caused mild, but reversible, changes
(IPCS, 1998).

7.2 Single-Exposure Studies

The oral (gavage) LDso for MTBE is approximately 3,800 mg/kg in rats (IPCS, 1998) and
4,000 in mice (OEHHA, 1999). An LDsy of 3,433 mg/kg in SD rats has also been
reported (Dongmei et al., 2008). Signs of intoxication after a single oral lethal dose
consisted of central nervous system depression, ataxia, labored respiration, and death.

7.3 Short-Term Exposure Studies
7.3.1 Three-Day Gavage Study in Female B6C3F; Mice

Eight female B6C3F; mice per dose were given MTBE (> 99.95% purity in corn oil) by
gavage at 0 or 1,800 mg/kg-day for three days (Moser et al., 1996). Food and water were
available ad libitum. Eighteen hours after the last dose, the mice were sacrificed and
hepatocytes were isolated for measurement of hepatocyte proliferation in vitro, expressed
as the amount of 5-bromo-2’-deoxyuridine incorporation into hepatocyte nuclei. The
hepatic labeling index was calculated by dividing the number of labeled nuclei by the
total number of nuclei and multiplying by 100. Body weight and absolute and relative
liver weights were also measured. Body and liver weights were not affected by
treatment, but MTBE induced a statistical increase in the hepatocyte labeling index of
6.5% compared to 2.5% in controls.

7.3.2 Fourteen-Day Drinking Water Study in Wistar Rats

Wistar rats were administered MTBE via the drinking water at 0, 3, 7, or 15 mg/mL for
14 days (Bermudez et al., 2007). The mean received doses were 0, 371, 799, or 1,624
mg/kg-day in males and 0, 363, 843, or 1,839 mg/kg in females. Body weights, clinical
signs, and food and water consumption were monitored daily. Kidneys and testes weights
were recorded. Hematology included hematocrit, blood urea nitrogen, serum creatinine,
and blood levels of MTBE and t-butanol. Airborne concentrations of MTBE averaged
<0.2 ppm in ambient air and control cages and <33 ppm in high-dose cages throughout
the study. Consumption of water was significantly reduced in treated compared to control
rats by approximately 20-30% and 35-39%, in males and females, respectively, in the
absence of an impact on mean body weight or food consumption. MTBE blood levels
averaged <2.1 uM, while t-butanol blood concentrations ranged from 38-116 uM. Kidney
weights were increased in high-dose male rats. The study authors considered the MTBE
exposure to be associated with increased blood t-butanol levels, increased kidney weights
in males, and reduced blood urea nitrogen and hematocrit levels in females. Complete
study details are not available at this time.
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7.3.3 Fourteen-Day Gavage Study in Sprague-Dawley Rats

Ten Sprague-Dawley rats per sex and dose were administered 0, 357, 714, 1,071, or
1,428 mg/kg-day MTBE (99.95% purity in corn oil) by gavage for 14 days (Robinson et
al., 1990). The high dose was selected because it was 37% of the LDs,. Rats were housed
separately by sex and food and water were available ad libitum. Mortality and clinical
signs were monitored daily. Food and water consumption were measured throughout the
study at unspecified intervals. Body weight was measured on Days 0, 4, 6, and 14.
Hematology parameters and clinical chemistry were conducted on all rats at study
termination. Hematology included hematocrit, hemoglobin, mean corpuscular volume,
erythrocytes, leukocytes, differential leukocytes, and reticulocytes. Clinical chemistry
included glucose, blood urea nitrogen, creatinine, aspartate aminotransferase, alanine
aminotransferase, lactate dehydrogenase, cholesterol, calcium, and phosphorus. Brain,
liver, spleen, lung, thymus, kidney, adrenal, heart, and “gonads” weights were measured
at study termination, and relative organ-to- body-weight ratios were calculated. Gross
necropsies were conducted on all rats at study termination. Histological examinations
were conducted on all control and high-dose rats at study termination, and included
unspecified “major organs”. If target histopathological organs were identified, these
organs were also examined histologically in the remaining dose groups.

At 357 mg/kg-day, two males died, but the deaths were attributed to the gavage
treatment. Diarrhea was observed in treated rats. Mean creatinine was statistically
increased by 16% in males compared to controls. Mean absolute (15%) and relative
(16%) lung weights were statistically lower in females compared to controls.

At 714 mg/kg-day, diarrhea and statistically reduced food intake (unspecified magnitude)
were observed in males compared to controls. Mean hemoglobin (6%), hematocrit (4%),
differential lymphocytes (6%), and creatinine (16%) were statistically increased in males
compared to controls. Mean alanine aminotransferase (21%) and cholesterol (22%) were
statistically increased and mean serum calcium (6%) was statistically decreased in
females compared to controls. Mean absolute (11%) and relative (11%) lung weights
were statistically lower in females compared to controls. Mean absolute (12%) and
relative (9%) lung weights were statistically lower in males compared to controls.

At 1,071 mg/kg-day, diarrhea was observed in treated rats. Mean erythrocytes (6%),
hemoglobin (6%), aspartate aminotransferase (43%), and lactate dehydrogenase (78%)
were statistically increased, and mean differential monocytes (33%) were statistically
decreased in males compared to controls. Mean cholesterol (34%) was statistically
increased in females compared to controls. Mean absolute (14%) and relative (11%) lung
weights were statistically lower in females compared to controls.

At 1,428 mg/kg-day, two males and two females died, but the deaths were attributed to
gavage. Diarrhea and profound but transient (< two hours) anesthesia were observed
after dosing in male and female rats. Statistically reduced food intake (unspecified
magnitude) was observed in females compared to controls. Statistically reduced mean
terminal body weight of 10% was observed in females compared to controls. Mean
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erythrocytes (7%), blood urea nitrogen (14%), aspartate aminotransferase (38%),
cholesterol (37%), and lactate dehydrogenase (63%) were statistically increased, and
mean differential monocytes (33%) were statistically decreased in males compared to
controls. Mean glucose (15%) was statistically increased and mean blood urea nitrogen
(27%) and creatinine (20%) were statistically decreased in females compared to controls.
Mean absolute (22%) and relative (15%) lung weights were statistically lower in females
compared to controls. Mean absolute spleen (18%) and mean absolute (20%) and relative
thymus (27%) weights were statistically lower in females compared to controls. Mean
relative kidney (8%) and brain (9%) weights were statistically higher in females
compared to controls. The incidence of hyaline droplet nephropathy in the renal tubules
was “moderately” increased in dosed male rats, but no further details were provided, with
the exception that increased hyaline droplets within the cytoplasm of proximal tubular
epithelial cells were noted in 7/8 (88%) high-dose males compared with 2/5 (40%)
controls.

7.3.4 Fourteen-Day Gavage Studies in Male Sprague-Dawley Rats

In a 14-day gavage study, de Peyster at al. (2003) examined whether MTBE exposure
could induce hepatic peroxisome proliferation, since other chemicals that cause Leydig
cell tumors in rats were also shown to induce peroxisome proliferation. Six male
Sprague-Dawley rats per dose were administered MTBE (> 99.8% purity in corn oil) via
gavage at 0 or 800 mg/kg-day via gavage for 14 days. Positive control rats were
administered gemfibrozil via the diet. Hepatic peroxisomes were isolated from liver
sections and processed for peroxisomal [-oxidation and examined with an electron
microscope. Terminal blood samples were collected for measurement of cholesterol,
triglyceride, alanine aminotransferase, and aspartate aminotransferease. Liver weights
were measured, and relative liver-to-body- weight ratios were calculated. According to
the study authors, there were no statistical differences between treated and vehicle control
rats, but not all of the data were provided. It should be noted that although the
methodology stated that MTBE doses of 800 mg/kg-day were administered, the results
section indicated that MTBE doses were 1,000 mg/kg-day.

Ten male Sprague-Dawley rats per dose were administered MTBE (> 99.8% purity in
corn oil) via gavage at 0 or 1,200 mg/kg-day for 14 days (de Peyster et al., 2003). This
dose was determined in previous experiments to lower circulating testosterone levels
without affecting body weight. Liver, testes, accessory sex organs (unspecified), and
brain weights were measured. Total protein content and P450 content in hepatic
microsomes was determined, and hepatic microsomal aromatase activity was measured.

In rats treated with 1,200 mg/kg-day MTBE, a statistical increase in mean relative liver
weight of 15% was observed compared to controls. Although hepatic P450 content was
comparable to controls, hepatic microsomal aromatase activity was decreased by 36%
compared to controls.
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7.3.5 Fifteen-Day Gavage Study in Male Sprague-Dawley Rats

Fifteen male Sprague-Dawley rats per dose were administered 0 or 1,500 mg/kg-day
MTBE (> 99.9% purity in corn oil) via gavage for 15 days (Williams and Borghoff,
2000; Williams et al., 2000). At study termination, the rats were sacrificed, body, adrenal,
kidney, epididymides, testes, prostate, pituitary gland, seminal vesicle, and liver weights
were determined, and histopathological examination of the liver, kidneys, testes, and
adrenals was conducted.

There were no treatment-related deaths. Deaths attributed to gavage, which were
confirmed at necropsy, were primarily limited to the high-dose rats. Statistically
increased mean absolute and relative adrenal weights of 15% and 17%, respectively, were
observed at 1,500 mg/kg-day compared to controls. Minimal-to-moderate centrilobular
hypertrophy was observed in 8/12 treated rats, but not in controls. The hypertrophy was
characterized as increased size and cytoplasmic eosinophilia of hepatocytes that were
oriented around central veins, which at times extended into the midzonal region of the
lobule. The severity was dose-related and ranged from minimal to moderate, and the
authors suggested that the effect was similar to that observed with phenobarbital
administration. Protein droplet nephropathy of the kidney was observed in 11/12 treated
rats and 1/15 controls.

7.3.6  Two- and Four-Week Gavage Studies in SD rats

Ten male SD rats per dose and exposure duration received MTBE (99.8% purity in
peanut oil) via gavage at 0, 400, 800, or 1,600 mg/kg-day for two or four weeks (Dong-
mei et al.,, 2009a). The basis of the dose selection was not specified. Mortality, body
weight, and food consumption were recorded daily. Terminal hematology (total and
differential leukocytes, erythrocytes, hemoglobin, hematocrit, mean corpusular volume,
mean corpusular hemoglobin, mean corpusular hemoglobin concentration, red blood cell
volume distribution width, and platelets) and clinical chemistry (alanine amiotransferase,
aspartate aminotransferase, total protein, albumin, globulin, alkaline phosphatase, urea,
creatinine, cholesterol, triglyceride, high- and low-density lipoprotein cholesterol)
parameters were included for all dose groups. Brain, heart, liver, spleen, lung, kidneys,
testes, epididymis, thymus, and prostate weights were recorded at study termination.

In both the two- and four-week studies, transient signs of central nervous system

depression were observed in treated rats at an unspecified incidence, particularly at the
high-dose.

In the two-week study, one low- and mid-dose rat each died. Mean creatinine level was
reduced (p<0.01) at all doses compared to controls. The decrease was 22%, 28%, and
33% lower than controls at 400, 800, and 1,600 mg/kg-day, respectively. Mean relative
testes to body weight ratios were statistically (p<0.05) decreased in a non-dose-related
manner in all treated groups. The decrease was 12%, 11%, and 12% lower than controls
at 400, 800, and 1,600 mg/kg-day, respectively. At the mid-dose and higher, mean
alanine aminotransferase was reduced (p<0.01) compared to controls. The decrease was
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31% and 40% lower than controls at 800 and 1,600 mg/kg-day, respectively. Mean
relative thymus weight was 24% and 20% lower (p<0.05) than controls at 800 and 1,600
mg/kg-day, respectively. At the high-dose after four weeks, mean cholesterol was
increased (9%) compared to controls and an increase (p<0.001) in mean leukocytes
counts (55%) was accompanied by a shift in differential counts of various populations.
Mean relative heart (17%) and liver (11%) weights were increased in high-dose rats
compared to controls.

In the four-week study, one rat each in the control, mid- and high-dose group died. Three
low-dose rats died but the cause of death was not reported. Mean creatinine level was
reduced at all doses compared to controls. The decrease was 19% (p<0.05), 23%
(p<0.01), and 30% (p<0.01) lower than controls at 400, 800, and 1,600 mg/kg-day,
respectively. Mean low-density lipoprotein was reduced at the mid- and high-dose
compared to controls. The decrease was 13% (p<0.05) and 31% (p<0.01) lower than
controls at 800 and 1,600 mg/kg-day, respectively. Mean globulin was increased (14%,
p<0.01) and alkaline phophatase (36%, p<0.01) and triglycerides (22%, p<0.05) were
decreased at the high-dose. Other sporadic statistical differences in various clinical
chemistry parameters, inlcuding alanine aminotransferase, aspartate aminotransferase,
cholesterol and high-density lipoprotein, were not considered biologically-significant due
to the lack of a dose response. Mean eosinophil counts were increased (p<0.05) in mid-
(50%) but not high-dose rats and mean hemoglobin was increased (p<0.05) in high-dose
rats. Mean relative liver (15%) and kidney (7%) weights were increased (p<0.05) in mid-
dose rats but not high-dose rats. Mean relative prostate weights (33%) were increased
(p<0.05) in high-dose rats. The study authors considered the possibility that MTBE may
be associated with testicular atrophy or necrosis. However, the authors of the present
assessment consider the decrease in mean relative testes weights in treated males after
two-weeks to likely be due to an unusually high control mean relative weight since there
was no dose-response and the effect was not seen after four weeks of exposure to the
same doses or in a separate study conducted under the same protocol (two-week exposure
with the same doses; Dongmei et al., 2008). The study authors did not identify a NOAEL.

7.3.7 Three-Week Gavage Study in CD-1 Mice

CD-1 mice were administered MTBE via gavage five days per week for three weeks
(Ward et al., 1994). This study was not available, but OEHHA (1999) and ATSDR
(1996) indicated that no effects on body weight or unspecified reproductive parameters
were observed at doses up to 1,000 mg/kg, and thus identified the NOAEL as 1,000
mg/kg (or 714 mg/kg-day).
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7.4  Long-Term and Chronic Exposure Studies

7.4.1 Subchronic Studies

74.1.1 Four-Week Gavage Studies In Sprague-Dawley Rats

Ten Sprague-Dawley rats per sex and dose were administered MTBE (unspecified purity
unspecified in water vehicle) via gavage at 0, 90, 440, or 1,750 mg/kg for five days per
week for four weeks (Johnson et al., 1992; Klan et al.,, 1992). These doses were
approximately equivalent to 0, 64, 314, or 1,250 mg/kg-day. Rats were housed
individually, and food and water were available ad libitum. Mortality and clinical signs
were monitored daily. Body weights were measured weekly. Hematology and clinical
chemistry were conducted on all rats at study termination. Hematology included
erythrocytes, platelets, leukocytes, differential leukocytes, hemoglobin, hematocrit, mean
corpuscular hemoglobin, mean corpuscular volume, globulin, and albumin/globulin ratio.
Clinical chemistry included glucose, creatine kinase, alanine aminotransferase, aspartate
aminotransferase, alkaline phosphatase, blood urea nitrogen, creatinine, sodium,
pottasium, calcium, chloride, total protein and bilirubin, albumin, cholesterol and
triglycerides. Adrenal, brain, ovary, testes, heart, kidney, liver, and spleen weights were
measured, and relative organ-to-body-weight ratios were calculated. Gross necropsies
were performed on all rats at study termination. Histological examinations were
conducted on all control and high-dose rats at study termination, and included the
adrenals, aorta, brain, cecum, colon, duodenum, epididymides, esophagus, eye, heart,
ileum, jejunum, kidneys, liver, lung, mammary glands, muscle, nerve, ovaries, pancreas,
pituitary, prostate, rectum, salivary gland, seminal vesicle, skin, spleen, stomach, testes,
thymus, thyroid/parathyroid, trachea, urinary bladder, and uterus. If effects were noted,
the same organs were examined in the lower doses as well.

No non-gavage-related deaths occurred at any dose. At 64 mg/kg-day, transitory (<one
hour after dosing) salivation was observed in several rats. Mean corpuscular hemoglobin
was statistically increased in females by 4% compared to controls. Mean alkaline
phosphatase was statistically increased in males by 15% compared to controls. Mean
relative kidney weights were increased in females by 6% compared to controls.

At 314 mg/kg-day, transitory (<one hour after dosing) salivation was observed in all rats,
and hypoactivity and/or ataxia was observed in several rats. Mean erythrocytes were
statistically increased in males by 6% compared to controls. Mean relative kidney
weights were statistically increased in males by 8% compared to controls. Hyaline
droplet formation in the proximal convoluted tubules was observed in 7/10 males.

At 1,250 mg/kg-day, transitory (<one hour after dosing) salivation was observed in all
rats, and hypoactivity and/or ataxia was observed in several rats. Mean corpuscular
hemoglobin was statistically increased in females by 3% compared to controls. Mean
total protein was statistically increased by 8% in females compared to controls, and
cholesterol was statistically increased in males by 20% and females by 26% compared to
controls. Mean relative kidney weights were increased in males by 13% and females by
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17% compared to controls. Mean relative liver weights were increased in males by 8%
and females by 12% compared to controls. Mean relative adrenal weights were increased
in males by 19% compared to controls. Hyaline droplet formation in the proximal
convoluted tubules was observed in 9/10 males. Various effects in the stomach,
including submucosal edema, subacute inflammation, epithelial hyperplasia, and
ulceration were observed in up to 4/7 males and 5/10 females. The effects were largely
confined to the forestomach.

The study authors concluded that the hyaline droplet formation in the proximal tubules in
males was attributable to a-2p-globulin nephropathy, which was not relevant to humans.
Further, the stomach lesions were attributable to local irritation, which was not
considered a direct result of systemic toxicity.

Fifteen male Sprague-Dawley rats per dose were administered 0, 250, 500, 1,000, or
1,500 mg/kg-day MTBE (> 99.9% purity in corn oil) via gavage for 28 days (Williams
and Borghoff, 2000; Williams et al., 2000). At study termination, the rats were
sacrificed, body, adrenal, kidney, epididymides, testes, prostate, pituitary gland, seminal
vesicle, and liver weights were determined, and histopathological examination of the
liver, kidneys, testes, and adrenals was conducted.

There were no treatment-related deaths. Deaths attributed to gavage, which were
confirmed at necropsy, were primarily limited to the high-dose rats. At 250 mg/kg-day,
statistically increased mean relative kidney weights of 10% were observed compared to
controls. Minimal-to-moderate centrilobular hypertrophy was observed in 1/15 treated
rats, but not in controls. The hypertrophy was characterized as increased size and
cytoplasmic eosinophilia of hepatocytes that were oriented around central veins, which at
times extended into the midzonal region of the lobule. The severity was dose-related and
ranged from minimal to moderate, and the authors suggested that the effect was similar to
that observed with phenobarbital administration. Protein droplet nephropathy of the
kidney was observed in 12/15 treated rats, but not in controls.

At 500 mg/kg-day, statistically increased mean relative kidney weights of 9% were
observed compared to controls. Minimal-to-moderate centrilobular hypertrophy was
observed in 10/15 treated rats, but not in controls. Protein droplet nephropathy of the
kidney was observed in 15/15 treated rats, but not in controls.

At 1,000 mg/kg-day, statistically increased mean absolute and relative kidney weights of
10% and 16%, respectively, were observed compared to controls. Statistically increased
mean relative liver weights of 10% were observed compared to controls. The increased
relative liver weight was accompanied by minimal-to-moderate centrilobular hypertrophy
in 11/13 treated rats, but not in controls. Protein droplet nephropathy of the kidney was
observed in 12/13 treated rats, but not in controls.

At 1,500 mg/kg-day, mean body weight was reduced by 12% compared to controls.

Statistically increased mean relative kidney weights of 18% were observed compared to
controls. Statistically increased mean relative liver weights of 14% were observed
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compared to controls. Statistically increased mean relative testes weights of 15% were
observed compared to controls. The increased relative liver weight was accompanied by
minimal-to-moderate centrilobular hypertrophy in 11/11 treated rats, but not in controls.
Increased mean relative kidney weights, accompanied by protein droplet nephropathy of
the kidney, were observed in 10/11 treated rats, but not in controls.

74.1.2 13-Week Drinking Water Study in Wistar Rats

In the range finding study for a chronic study (Bermudez et al., 2009), Wistar rats were
administered MTBE via drinking water at 0, 0.5, 3, 7.5, or 15 mg/mL for 13 wks
(Bermudez et al., 2008). The mean received doses were 0, 37, 209, 514, or 972 mg/kg-
day in male rats and 0, 50, 272, 650, or 1,153 mg/kg-day in females. Body weights,
clinical signs, and food and water consumption were monitored weekly. Urine was
collected from males and analyzed at Day 4 and 21. Cell replication in the kidney was
assessed at Week 1, 4, and 13. Complete histological examinations were performed on all
rats at study termination. Serum hormone levels were assayed after 28 days of exposure.
Mean terminal body weights in males at 514 and 972 mg/kg-day were less than controls.
MTBE exposure resulted in decreased water consumption in both sexes of all treated
groups in the absence of an impact on food consumption. Males had elevated urine
specific gravity and osmolality. Serum hormone levels were unchanged by treatment in
either sex. Kidney wet weights were elevated in males and females that received 7.5 and
15 mg/mL. Cell replication of kidney cortical epithelial cells was unchanged in females
but was elevated in males of the 15mg/mL group at Week 4. Renal tubular cell
regeneration was noted in males exposed to 15 mg/mL at 13 wks of exposure.
Quantitative o-2p globulin levels in kidney were elevated in high-dose males at Week 1
and 4. The study authors considered the reduction in water consumption in male and
female rats of all MTBE dose groups to be treatment-related and attributed the reduction
in mean body weights and renal tubule effects in males receiving the two highest dose
levels to a-2p- nephropathy. Complete study details are not available at this time.

7.4.1.3 Thirteen-Week or Longer Gavage Studies In Sprague-Dawley Rats

Ten Sprague-Dawley rats per sex and dose were administered MTBE (> 99.95% purity in
corn oil) via gavage at 0, 100, 300, 900, or 1,200 mg/kg-day for 90 days (Robinson et al.,
1990). Rats were housed separately by sex and food, and water was available ad libitum.
Mortality and clinical signs were monitored daily. Food consumption was measured once
a week and water consumption was measured three times a week. Body weight was
measured twice a week. Hematology and clinical chemistry were conducted on all rats at
study termination. Hematology included hematocrit, hemoglobin, mean corpuscular
volume, erythrocytes, leukocytes, differential leukocytes, and reticulocytes. Clinical
chemistry included glucose, blood urea nitrogen, creatinine, aspartate aminotransferase,
alanine aminotransferase, lactate dehydrogenase, cholesterol, calcium, and phosphorus.
Brain, liver, spleen, lung, thymus, kidney, adrenal, heart, and “gonads” weights were
recorded at study termination, and relative organ-to-body-weight ratios were calculated.
Gross necropsies were conducted on all rats at study termination. Histological
examinations were conducted on all control and high-dose rats at study termination, and
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included unspecified “major organs”. If target histopathological organs were identified,
these organs were also examined histologically in the remaining dose groups.

This study was not designed to meet current U.S. EPA (2009) Health Effects Testing
Guidelines, since hematology did not include a measure of clotting potential, and clinical
chemistry did not include albumin, alkaline phosphatase, gamma glutamyl transferase,
globulin, sorbitol dehydrogenase, bilirubin, protein, or serum chloride, magnesium,
potassium, or sodium. Further, urinalysis was not conducted, and organs examined
histologically were specified only as including “major organs”. Although Robinson et al.
(1990) noted that the weight of the “gonads” were reported, data for the testes were not
reported.

At 100 mg/kg-day, one male died. Diarrhea was observed in male and female rats. Water
consumption (unspecified magnitude) was statistically increased in females compared to
controls. A statistical decrease in blood urea nitrogen was observed in males (15%) and
females (20%).

At 300 mg/kg-day, one female died. Diarrhea was observed in male and female rats. A
statistical decrease in blood urea nitrogen was observed in males (20%) and females
(33%). A statistical decrease in glucose (17%) and lactate dehydrogenase (62%) and an
increase in cholesterol (11%) were observed in females. A statistical decrease in
creatinine (15%) and an increase in aspartate aminotransferase (34%) were observed in
males. Mean absolute (4%) and relative (4%) brain weights were statistically increased
in males compared to controls. Mean relative kidney weights (10%) were statistically
increased in females compared to controls.

At 900 mg/kg-day, two females and one male died. Diarrhea was observed in male and
female rats. Food consumption (unspecified magnitude) was statistically increased in
females compared to controls. A statistical decrease in blood urea nitrogen was observed
in males (18%) and females (35%). A statistical decrease in mean glucose (13%) and
lactate dehydrogenase (16%) and an increase in cholesterol (31%) were observed in
females compared to controls. A statistical decrease in mean creatinine (26%) and an
increase in cholesterol (22%) and lactate dehydrogenase (5%) were observed in males
compared to controls along with a statistical increase in mean relative liver weights
(13%). Mean absolute (14%) and relative (15%) kidney weights and relative liver
weights (13%) were statistically increased in males compared to controls. Mean relative
heart (11%), liver (12%), kidney (13%), and thymus (33%) weights were statistically
increased in females compared to controls.

At 1,200 mg/kg-day, four females and one male died. Diarrhea and a profound but
transient (<two hours) anesthetic effect were observed in male and female rats. Water
consumption (unspecified magnitude) was statistically increased in males and females
compared to controls. A statistical decrease in blood urea nitrogen was observed in
males (18%) and females (17%). A statistical decrease in mean glucose (24%) and lactate
dehydrogenase (16%) and an increase in cholesterol (20%) were observed in females
compared to controls. A statistical decrease in mean creatinine (19%) and an increase in
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aspartate aminotransferase (33%) were observed in males compared to controls.
Terminal mean body weight was statistically reduced by 9% in males compared to
controls. Mean absolute (18%) and relative (21%) kidney weights, absolute (9%) and
relative (13%) lung weights, and relative liver weights (13%) were statistically increased
in male rats and mean relative kidney (12%) and adrenal (25%) weights were statistically
increased in female rats compared to controls. Microscopic findings included chronic
nephropathy in control and high-dose male rats. These changes, such as renal tubular
degeneration, were more severe in treated rats than controls. Renal tubules plugged with
granular casts were found in 5/10 high-dose males, and 10/10 males exhibited slight
increases in cytoplasmic hyaline droplets in proximal tubular epithelial cells. No further
details regarding the renal changes were provided. The study authors attributed the early
deaths in treated rats to dosing error since macroscopic findings in the lungs of most rats
that died included “lungs that were mottled to uniformly red, fluid-filled, and often
exhibited foreign material in airways”.

Ten male Sprague-Dawley rats per dose were administered 0, 200, 600, and 1,000 mg/kg
MTBE (98.8% purity in soybean oil) by gavage for five days per week for 13 weeks
(Zhou and Ye, 1999). These doses were equivalent to 0, 143, 428, or 857 mg/kg-day,
respectively. Body weight and food and water consumption were measured weekly.
Clinical chemistry was conducted at study termination and included aspartate
aminotransferase, alanine aminotransferase, lactate dehydrogenase, total protein,
albumin, globulin, albumin/globulin ratio, blood urea nitrogen, and creatinine. Liver,
kidney, testes, and lung weights were measured at study termination. Gross necropsies
and histopathological examinations were conducted at study termination, and included
the liver, kidney, testes, and lung. Liver sections were also examined under an electron
microscope.

This study was not designed to meet current U.S. EPA (2009) Health Effects Testing
Guidelines, since only males were evaluated, hematology was not conducted, and clinical
chemistry did not include alkaline phosphatase, gamma glutamyl transferase, glucose,
sorbitol dehydrogenase, total bilirubin, total cholesterol, or serum electrolytes. Further,
urinalysis was not conducted; spleen, heart, ovary, and brain weights were not measured;
and histopathology included only the liver, kidney, testes, and lung.

At 143 mg/kg-day, mean absolute and relative liver weights were statistically increased
by 12% and 14%, respectively, compared to controls. Lactate dehydrogenase was
statistically decreased (32%) at the low, but not mid or high doses compared to controls.
Aspartate aminotransferase was statistically increased by 31% compared to controls, but
within historical control ranges. Histopathological examination in treated rats was
comparable to controls. Electron microscopy of the liver revealed nuclear condensation,
fat droplets, lysosome appearance in cells, and smooth endoplasmic reticulum
disintegration, but the magnitude and number of animals affected was not specified. The
study authors did, however, indicate that more severe changes were observed at higher
doses.
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At 428 mg/kg-day, mean absolute and relative liver weights were statistically increased
by 18% and 15%, respectively, compared to controls. Mean relative kidney weight was
statistically increased by 6% compared to controls, but no accompanying renal pathology
was observed. Aspartate aminotransferase was statistically increased by 29% compared
to controls, but within historical control ranges. Histopathological examination in treated
rats was comparable to controls. Electron microscopy of the liver revealed nuclear
condensation, fat droplets, lysosome appearance in cells, and smooth endoplasmic
reticulum disintegration, but the magnitude and number of animals affected was not
specified. However, the study authors indicated that more severe changes were observed
at higher doses.

At 857 mg/kg-day, mean absolute and relative liver weights were statistically increased
by 21% and 22%, respectively, compared to controls. Mean absolute and relative kidney
weights were statistically increased by 12% and 13%, respectively, compared to controls,
but no accompanying renal pathology was observed. Aspartate aminotransferase was
statistically increased by 27% compared to controls, but within historical control ranges.
Histopathological examination in treated rats was comparable to controls. Electron
microscopy of the liver revealed nuclear condensation, fat droplets, lysosome appearance
in cells, and smooth endoplasmic reticulum disintegration, but the magnitude and number
of animals affected was not specified. However, the study authors indicated that more
severe changes were observed at higher doses.

7.4.2 Chronic Studies

7421 One-year Drinking Water Study in Wistar Rats

As part of a two-year bioassay, Wistar rats received MTBE (>99% purity) in their
drinking water at 0, 0.5, 3, or 7.5 mg/mL in males and 0, 0.5, 3, or 15 mg/mL in females
for 52 weeks (Bermudez et al., 2009). Dose selection was based on the results of a 90-day
study (Bermudez et al., 2008). The mean received doses ranged from 30 to 384 mg/kg-
day in males and 56 to 1,147 mg/kg-day in females. The mid-dose was not reported and
can not be calculated due to the lack of body weight and water consumption data. Body
weights, clinical signs, and food and water consumption were monitored regularly.
Interim and terminal hematology, clinical chemistry, and urinalyses parameters were
included at various intervals. A complete necropsy was performed at six months (males)
and 12 months (males and females). Blood levels of t-butanol (TBA) were determined for
males and females at 12-months. Food consumption was comparable to controls, while
water consumption was less than control (p<0.01) in treated males and females. Mean
body weight in male rats was 9%, 11%, and 7% less than controls in the low-, mid- and
high-dose groups, respectively. There were no significant changes in hematology or
serum chemistry parameters for males or females. Blood levels of TBA increased with
dose in males and females. Urine osmolality and specific gravity were increased in males
(7.5 mg/mL MTBE) and females (15 and 3 mg/mL MTBE) and urine creatinine was
increased in males (3 mg/mL MTBE) and females (3 and 15 mg/mL MTBE). There was a
trend in males and females of increasing urine protein with dose. Increases in osmolality
and specific gravity suggest increased concentration of urine as a response to reduced
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intake of water and suggest that the apparent increase in protein is due to a concentration
effect. The statistical increase in mean relative kidney weights in treated male rats at 12
months of exposure was accompanied by an increase in nephropathy of minimal to mild
severity. Nephropathy was observed in 3/10, 8/9, 9/10, and 9/10 male rats in the control,
low-, mid-, and high-dose groups, respectively. Nephropathy was observed in 2/9, 2/10,
1/10, and 2/10 female rats in the control, low-, mid-, and high-dose groups, respectively.
A non-dose-related but statistical increase in mean relative testes weights was observed in
mid- (20%, right testes) and high-dose (13%, right; 15% left) male rats in the absence of
testicular histopathology. The study authors considered the treatment-related effects to be
limited to reduced water intake in males and females and an increase in nephropathy in
males. Complete study details are not available.

74.2.2 Two-year Gavage Study in SD rats

Sixty Sprague-Dawley rats per sex and dose were administered 0, 250, or 1,000 mg/kg
MTBE (> 99% purity in extra virgin olive oil) by gavage four times a week for 104
weeks on a weekly schedule of two days dosing, one day without dosing, two days
dosing, and two days without dosing (Belpoggi et al., 1995; 1997). These doses were
approximately equivalent to daily doses of 0, 143, or 571 mg/kg-day. The animals were
housed five per cage and kept under observation until natural death. Food and water were
available ad libitum. Mortality and clinical signs were monitored daily. Food and water
consumption and body weight were measured weekly for the first 13 weeks and twice
monthly thereafter until 112 weeks. Thereafter, body weights were measured every eight
weeks until death. Gross necropsies were performed on all rats after natural death.
Histopathological examinations, which were performed on all rats after natural death,
included the aorta, adrenals, bone, bone marrow, brain, bronchi, cecum, colon,
diaphragm, duodenum, esophagus, eye, Harderian gland, heart, ileum, jejunum, kidneys,
liver, lung, lymph nodes (mediastinal, subcutaneous, mesenteric), mammary glands,
muscles, nerve, ovaries, pancreas, pharynx, larynx, pituitary, prostate, salivary gland,
seminal vesicle, subcutaneous tissue, skin, subcutaneous tissue, spinal cord, spleen,
stomach, testes, thymus, thyroid/parathyroid, tongue, trachea, urinary bladder, uterus,
Zymbal gland, and gross lesions.

This study was not designed to meet current U.S. EPA (2009) Health Effects Testing
Guidelines, since the dosing occurred on a four-day per week schedule, with two days
dosing, one day without dosing, two days dosing, and two days without dosing. Further,
since no results for hematology, clinical chemistry, urinalysis, or organ weights were
reported, it was presumed that these parameters were not examined. Histology did not
include the aorta, bone, bone marrow, eye, mammary glands, muscles, nerve, seminal
vesicle, or spinal cord. The tumor incidences reported in this study were reviewed by
Belpoggi et al. (1998) after a re-evaluation of the histopathology slides.

At the low dose, survival at the end of the treatment period (104 weeks) was 35% in
treated females compared to 48% in controls. Survival at the end of the treatment period
(104 weeks) was 30% in low-dose males compared to 30% in controls. There was a
statistical increase in lymphomas and leukemias combined (7/51) in female rats
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compared to controls (2/58). The individual incidence of lymphomas or leukemias was
not indicated. The lymphatic tumors were accompanied by an increase in dysplastic
proliferation of lymphoreticular tissue, which was characterized as hyperplastic lymphoid
tissues at various sites, in which atypical lymphoid cells, usually lymphoimmunoblasts,
isolated and/or aggregated in small clusters, were observed. An increased incidence of
uterine sarcomas was observed in low-dose females, but not high-dose females,
compared to controls.

At the high-dose, survival at the end of the treatment period (104 weeks) was 28% in
treated females compared to 48% in controls. Survival at the end of the treatment period
(104 weeks) was 42% in high-dose males compared to 30% in controls. There was a
statistical increase in the incidence of testicular Leydig cell (interstitial cell) tumors in
male rats compared to controls. The incidence was 3/26, 5/25, and 11/32 in control, low-,
and high-dose males (based on the number of rats surviving at the occurrence of the first
Leydig tumor, which was 96 weeks). In female rats, there was a dose-related statistical
increase in lymphomas and leukemias combined (12/47) compared to controls (2/58), and
an increase in dysplastic proliferation of lymphoreticular tissue. The study authors
reported that the range of the lymphatic tumors in females in this study was within the
historical control incidence for these tumors in female Sprague-Dawley rats from studies
in their laboratory (below 10%).

The study authors reported that “no treatment-related non-oncological pathological
changes were detected by gross inspection and histological examination”, but the data
were not provided.

7.5 Reproductive and Developmental Toxicity Studies

No in vivo oral two-generation reproduction or developmental studies were identified for
MTBE. One- and two-generation inhalation reproductive studies in rats and four
inhalation developmental studies in rats, mice, and rabbits are available for MTBE.
These studies have been reviewed by ECB (2002), OEHHA (1999), IPCS (1998),
ECETOC (1997), and ATSDR (1996). Specific reproductive effects were not observed in
rats at concentrations up to 28,800 mg/m’. MTBE was not associated with developmental
effects at concentrations below those associated with maternal toxicity. Decreases in
uterine weight and increases in estrogen metabolism in mice have been observed at
28,800 mg/m’ (IPCS, 1998). Since the reproductive and developmental studies for MTBE
have been extensively reviewed by several other regulatory agencies, this section
includes only the oral reproductive and developmental studies for MTBE, including those
published since the various regulatory reviews. None of the oral studies identified were
standardized two-generation reproduction or developmental studies.
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7.5.1 Reproduction Studies

No oral one- or two-generation reproduction studies were identified for MTBE, but
effects on reproductive hormone levels, reproductive organ weights and/or histology has
been investigated following oral exposure to MTBE in non-standardized reproduction
studies.

In vivo studies

Since MTBE exposure has previously been linked to some limited evidence of
seminiferous tubule degeneration in CD-1 or BALB/c mice (Billiti et al., 1999; Almeida
et al., 2004), de Peyster et al. (2008) conducted a series of experiments to replicate or
further characterize these effects. Six adult male CD-1 mice per dose received 0, 400,
1,000, or 2,000 mg/kg MTBE (unspecified purity in corn oil) via gavage on Days 1, 3,
and 5 (de Peyster et al., 2008). After an intraperitoneal injection of human Chorionic
Gonadotropin on Day 6 to stimulate testosterone production, rats were sacrificed on Day
7. Body, testes, epididymides, seminal vesicle, liver and brain weights were recoded
along with testicular histology and testosterone levels. No examined parameter was in
treated mice was statistically different than controls. Mild unilateral seminiferous tubule
degeneration was observed in one control mouse and an abscess of the preputial gland
was observed in one mid-dose mouse.

In a second experiment, six male BALB/c mice per dose received MTBE in their
drinking water at 0, 80, 800, or 8,000 ug/L for 28 days (de Peyster et al., 2008). Mean
received doses were calculated by the study authors to be 0, 305, 3,180, or 31,920
mg/mouse/day. Based on mean terminal body weight for each respective group, the
approximate received doses can be considered 0, 11, 111, or 1,178 mg/kg-day. Dose
selection was based on a two-week palatability study which found no difference in water
intake in treated mice compared to controls. Mean terminal serum testosterone or number
of sperm/ mg cauda in treated mice was not statistically different than controls. Mild or
minimal unilateral seminiferous tubule degeneration was observed in 2/6, 1/6, 1/6, and
2/6 mice in the control, low-, mid-, and high-dose groups, respectively. All mice had a
Grade 1 (minimal) severity score with exception of one control male that had a Grade 2
(mild) severity score.

In a third experiment, ten male juvenile (22-day old) BALB/c mice per dose received
MTBE in their drinking water at 0, 80, 800, or 8,000 ug/L for 51 days through PND 77
(de Peyster et al., 2008). Mean received doses were calculated by the study authors to be
0, 381, 3,900, or 39,170 mg/mouse/day. Based on mean terminal body weight for each
respective group, the approximate received doses can be considered 0, 15, 155, or 1,536
mg/kg-day. Mean relative (but not absolute) seminal vesicle (low-dose) and lung weights
(mid-dose) were statistically increased compared to controls. The increase in mean lung
weight was attributed to one mid-dose mouse that had a large lung mass. However, since
bloody lungs were noted upon necropsy in several treated mice (incidence/group
unspecified but including the one with the mass) and one control mouse, the possibility
that the effect was treatment-related could not be discounted by the study authors,
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particularly considering the increasing trend (non-statistical) in lung weights. Mean
serum estradiol or testosterone concentrations or mean seminiferous tubule diameter in
treated mice were not statistically different from controls.

No evidence of oxidative stress in liver homogenates from juvenile mice was observed
based on malondialdehyde, Trolox equivalent antioxidant capacity (TEAC) and 8-
hydroxy-2’-deoxyguanosine adduct formation as endpoints. Collectively, the study
authors concluded that drinking water exposure to MTBE at up to 8,000 pg/L for up to 51
days was not associated with adverse effects on reproductive hormones, organ weights, or
histology under the conditions of their studies.

Ten male SD rats per dose and exposure duration received MTBE (99.8% purity in
peanut oil) via gavage at 0, 400, 800, or 1,600 mg/kg-day for two or four weeks
(Dongmei et al., 2009b). The basis of the dose selection was not specified. Mortality,
body weight, and food consumption were recorded daily. Serum testosterone, leutenizing
hormone, and follicle stimulating hormone were measured at study termination along
with serum total antioxidant ability and peroxide levels (serum maleic dialdehyde levels),
and the mRNA expressions of androgen binding protein, 8-oxoguanine DNA glycosidase,
and extracellular superoxide dismutase. Epididymides sperm counts and abnormal sperm
were recorded by one technician blinded to the treatment group. Liver, kidneys, testes,
and epididymis weights were recorded at study termination and testicular histology was
included on all rats.

Although the authors indicated that liver, kidneys, and testes weights were recorded at
study termination, these data were not reported. After two weeks of exposure, mean
serum leutenizing hormone was statistically increased in a non-dose-related manner in all
dosed groups (~25-30% estimated from graph). Mean serum follicle stimulating hormone
was statistically increased in mid- (~30%) and high-dose rats (~40%). Mean serum
testosterone was reduced in mid- (~70%) and high-dose rats (~60%). High-dose rats had
“less compact cells” in the testes upon histological examination compared to controls.
The mRNA level of androgen binding protein was decreased at the high-dose (33%).

After four weeks of exposure, no effects on reproductive organ weights were observed.
The percent of abnormal sperm was statistically increased in treated rats in a dose-related
fashion. The mean “semina deformity ratio” estimated from the graph was ~12%, 18%
(p<0.05), 19% (p<0.05), and 28% (p<0.01) in rats from the control, 400, 800, or 1,600
mg/kg-day groups, respectively. Mid-dose rats had increased (as opposed to reduced after
two weeks) serum testosterone levels (~35%, estimated). Mid- and high-dose rats had
“irregular and disordered arrangement, with the shedding of cellular material from the
seminiferous epithelium” in the testes upon histological examination compared to
controls. The mRNA level of androgen binding protein was decreased at the mid- (~20%)
and high-dose (~22%)).

Some other parameters (serum maleic dialdehyde total serum antioxidant ability, 8-

oxoguanine DNA glycosidase and extracellular superoxide dismutase) were statistically
significant compared to controls but due to the lack of a dose- or temporally-related

27



© 2010 NSF Confidential Draft — Do Not Copy, Cite, or Quote MTBE (addendum) — 04/10

pattern, they were not considered biologically-significant by the authors of the present
assessment. The study authors concluded that high-doses of MTBE could disrupt
spermatogenesis but did not identify a NOAEL. The authors of the present assessment
consider the four-week NOAEL to be 400 mg/kg-day since the non-dose related
reduction in serum leutenizing hormone observed after two weeks was not seen after four
weeks as well and the minimal magnitude and lack of dose-response of the increase in
sperm deformity ratio at the low- and mid-dose after four weeks. The LOAEL can be
considered 800 mg/kg-day based on the alterations in serum testosterone and
histopathology in the testes.

Potential testicular toxicity associated with MTBE was assessed in five male CD-1 mice
per dose that received MTBE (unspecified purity in canola oil) via gavage on Days 1, 3,
and 5 at 0, 400, 1,000 or 2,000 mg/kg (Billitti et al., 2005). Testosterone levels were
measured on Day 6 fecal samples collected from all mice. Thereafter, mice were injected
with human chorionic gonadotrophin to stimulate maximum testosterone production and
fecal samples were collected after one day. Body weight and serum testosterone were
measured and histological examination of the testes was included at study termination.
Two high-dose mice died as a result of dosing error. All examined parameters in the
treated mice that survived were comparable and/or not statistically different compared to
controls.

Eight female B6C3F,; mice per dose were given MTBE (> 99.95% purity in corn oil) by
gavage at 0 or 1,800 mg/kg-day for three days (Moser et al., 1996). Food and water were
available ad libitum. Twenty-four hours after the last dose, the mice were sacrificed and
hepatocytes were isolated for measurement of estrogen metabolism in vitro, which was
expressed as the amount (nM) of 17-B—estradiol metabolized/ mg protein/ minute.
MTBE induced a two-fold statistical increase in the rate of estrogen metabolism in vitro
compared to controls.

Six to eleven female CD-1 mice per dose were administered MTBE via gavage at 0, 600,
or 1,500 mg/kg-day for five days either with or without subcutaneous administration of 1
ug estradiol on Days 3-5 (Okahara et al., 1998). The authors reported that MTBE had
some mild, but in some cases, seemingly opposite, activity under these conditions, but no
further details were provided. At 1,500 mg/kg-day, delayed vaginal opening by Postnatal
Day 26 was observed in half of the treated females. Mean relative uterine weights were
statistically increased in the MTBE/estradiol group compared to the estradiol alone
control group, but the dose level or magnitude was not specified. According to the
authors, no clear or consistent effect was observed in uterine peroxidase activity or in
ovarian, liver, or kidney weights compared to controls. No further details were available
in this abstract, and a full publication was not located.

Twelve male Sprague-Dawley rats per dose were administered MTBE (> 99.8% purity in
corn oil) via gavage at 0, 1,000, or 1,500 mg/kg every other day for a total of 14 doses
over 28 days (de Peyster et al., 2003). The 1,000 mg/kg dose was selected since it was
the highest dose in the Belpoggi et al. (1995) chronic gavage study, and since this dose
induced a statistical increase in Leydig cell tumors in male rats compared to controls.
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The 1,500 mg/kg dose was chosen since it was approximately the highest dose from a 90-
day gavage study for MTBE by Robinson et al. (1990). The experiment originally
included an untreated and a vehicle-treated control group, but the results were ultimately
combined into one control group. Due to excess weight loss and one death, the 1,000 and
1,500 mg/kg doses were reduced to 500 and 750 mg/kg, respectively, starting on Day 13.
The terminal doses were approximately equivalent to 0, 357, or 536 mg/kg-day. This
study was conducted to investigate the mechanism of Leydig cell tumors induced in male
rats after chronic gavage exposure to MTBE in a study by Belpoggi et al. (1995). It has
been suggested that increased hepatic metabolism through P450 enzymes results in
increased steroid catabolism, resulting in reduced testosterone circulation.

Testosterone concentrations were measured on Day 1 and 14 (tail blood) and 28 (cardiac
puncture). If the serum sample volume was sufficient, terminal corticosterone was also
measured to determine whether the Leydig tumors were induced through an increased
stimulation of testicular glucocorticoid receptors, which can impair testosterone
production. Liver, kidney, testes, seminal vesicles, and epididymides weights were
measured, and mean organ-to-body weight ratios were calculated. Total protein and total
P450 were measured from isolated liver microsomes.

At study termination, mean body weight gain was 8, 3, 1, and 0% in the negative control,
vehicle control, 357 mg/kg-day, and 536 mg/kg-day groups, respectively. The Day 1
testosterone concentration in rats administered 537 mg/kg-day MTBE was statistically
reduced by approximately 70% compared to pooled controls (vehicle and negative, n=4
only). The Day 14 and 28 testosterone concentrations in treated rats were not statistically
different compared to controls. At study termination, mean absolute liver weight and
total microsomal protein in treated rats were comparable to controls, but mean liver P450
content (mmol/mg protein and nmol/g liver weight) was slightly, but statistically,
increased in rats administered 537 mg/kg-day compared to controls. There was a 24%
increase in mmol/mg P450 protein and a 35% increase in nmol P450/g liver weight
compared to pooled controls. Mean corticosterone levels on Day 1, 14, and 28 were not
statistically different compared to pooled controls, but the sample size was only about 4-5
rats per dose. The authors concluded that high gavage doses of MTBE result in reduced
circulating testosterone in rats during the hours immediately following dosing (4-5
hours). However, the increase in hepatic P450 content did not result in reduced
circulating testosterone, as originally hypothesized by the study authors, but the authors
could not rule out other hormonal or metabolic compensatory mechanisms.

Twelve male Sprague-Dawley rats per dose were administered MTBE (> 99.8% purity in
corn oil) via gavage at 0, 40, 400, or 800 mg/kg-day for 28 days (de Peyster et al., 2003;
Day et al., 1998). This study was conducted to further investigate the mechanism of
Leydig cell tumors induced in male rats after chronic gavage exposure to MTBE in a
study by Belpoggi et al. (1995). Luteinizing hormone, prolactin, testosterone, and
corticosterone concentrations were measured on Day 1 and 14 (tail blood) and 28 (trunk).
Liver, pituitary, testes, epididymides, thyroid, adrenal, prostate, and brain weights were
measured, and mean organ-to-body and brain weight ratios were calculated.
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At 40 mg/kg-day, mean plasma corticosterone was statistically reduced by 28%
compared to controls on Day 14, but the corticosterone was not statistically different
from controls at study termination.

At 400 mg/kg-day, terminal mean body weight was statistically reduced by 7% compared
to controls. Mean plasma corticosterone was statistically reduced by 42% compared to
controls on Day 14, but the corticosterone was not statistically different from controls at
study termination. Mean pituitary weight was statistically reduced by 23% compared to
controls.

At 800 mg/kg-day, terminal mean body weight was statistically reduced by 13%
compared to controls. Mean plasma corticosterone was statistically reduced by 43%
compared to controls on Day 14. At study termination, mean plasma testosterone was
statistically reduced by 35% and mean plasma corticosterone was statistically reduced by
44% compared to controls. The mean adrenal-to-body-weight ratio was statistically
reduced by 20% compared to controls. The mean thyroid-to-body-weight ratio was
statistically reduced by 29% compared to controls.

Six male Sprague-Dawley rats per dose were administered MTBE (> 99.8% purity in
corn oil) via gavage at 0 or 800 mg/kg-day for five days (de Peyster et al., 2003). This
study was conducted to further investigate the mechanism of Leydig cell tumors induced
in male rats after chronic gavage exposure to MTBE in a study by Belpoggi et al. (1995).
The effect of castration on the hypothalamic-pituitary axis was investigated using
testosterone implants in phosphate buffered saline (PBS) and four experimental groups of
male rats. The four groups consisted of sham implant (PBS) and 800 mg/kg-day MTBE
via gavage, sham implant (PBS) and corn oil vehicle gavage, testosterone implant and
800 mg/kg-day MTBE via gavage, and testosterone implant and corn oil vehicle gavage.
The amount of testosterone in each implant was intended to result in average circulating
testosterone as in normal non-castrated rats. Lutenizing hormone, prolactin, and
testosterone concentrations from the tail vein were measured four hours after the initial
dose (Day 1) and two hours after the final dose (Day 5). Terminal prostate and seminal
vesicle weights were measured. The experiment was repeated with a younger set of
animals, reportedly to reduce the amount of body weight variation, since each
testosterone implant contained a standard amount of testosterone.

In the first experiment, the authors found that circulating testosterone was higher and
lutenizing hormone was lower in rats with testosterone implants compared to controls,
but the differences were not statistically significant. Since each testosterone implant
contained a standard amount of testosterone, the authors suggested that the results were
confounded by the difference in body weights between the rats after the 3-day recovery
period from the surgical implant, even though prior to surgery, the rats were of
comparable body weights. Thus, the experiment was repeated with a younger set of
animals, but the results of the first experiment could not be duplicated and may have been
confounded by a small sample size, since one control rat gained a large amount of body
weight. Recognizing confounding factors, the authors concluded that there was no clear
evidence of an effect on the hypothalamic-pituitary axis in either experiment.
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Ten male Sprague-Dawley rats per dose were administered MTBE (> 99.8% purity in
corn oil) via gavage at 0 or 1,200 mg/kg-day for 14 days (de Peyster et al., 2003). This
dose was determined in previous experiments to lower circulating testosterone levels
without affecting body weight. Terminal plasma estradiol, luteinizing hormone, and
testosterone concentrations were measured from trunk blood samples. Testes and
accessory sex organs (unspecified) weights were measured. Total protein content in
testicular microsomes was determined, and testicular microsomal aromatase activity was
also measured.

In rats treated with 1,200 mg/kg-day MTBE, a statistical decrease in mean testosterone
and luteinizing hormone of 51% and 10%, respectively, was observed compared to
controls, and a statistical increase in mean estradiol of 26% was observed compared to
controls. Testicular microsomal aromatase activity was decreased by 55% compared to
controls.

Williams and Borghoff (2000) and Williams et al. (2000) investigated the hypothesis that
MTBE-induced decrease in serum testosterone levels in male rats may be due in part to
the ability of MTBE to induce the metabolism of endogenous testosterone and, hence,
enhance its clearance. Male Sprague-Dawley rats were administered 0, 250, 500, 1,000,
or 1,500 mg/kg-day MTBE (> 99.9% purity in corn oil) via gavage for 15 or 28 days.
Rats were sacrificed one hour following the last dose, and serum and interstitial fluid
testosterone, and serum dihydrotestosterone, 17-B-estradiol, prolactin, triiodothyronine
(T3), thyroxin (T4), thyroid stimulating hormone, follicle stimulating hormone, and
luteinizing hormone levels were measured. Histopathology of the testes was performed
in all rats.

After 15 days at 1,500 mg/kg-day, interstitial fluid and serum testosterone levels
(approximately 60% each, estimated from graph) and serum prolactin levels (56%) were
statistically decreased compared to controls.

After 28 days at 1,000 mg/kg-day, serum triiodothyronine (T3) was statistically
decreased by 19% compared to controls.

After 28 days at 1,500 mg/kg-day, serum triiodothyronine (T3; 19%), luteinizing
hormone (approximately 20%, estimated from graph), and dihydrotestosterone (45%)
were statistically decreased compared to controls.

No testicular lesions were observed at any dose level. The authors concluded that MTBE
causes mild perturbations in T3 and prolactin; however, the short-term (15-day), but not
longer-term (28-day), decrease in testosterone and the mild increase in luteinizing
hormone levels did not fit the pattern caused by known Leydig cell tumorigens, since
larger increases in luteinizing hormone have been caused by chemicals known to cause
Leydig cell tumors.
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Ten CD-1 mice per sex and dose were given 0, 1, 10, 100 or 1,000 mg/kg MTBE (purity
unspecified in corn oil) by gavage for five days per week for three weeks (Ward et al.,
1994). As this study was not available, this summary was based on IPCS (1998). These
doses were approximately equivalent to 0, 0.7, 7, 71, or 714 mg/kg-day. At study
termination, the mice were sacrificed and one testis from each male and both ovaries
from each female were sectioned for cytological evaluation. In males, sperm number,
Sertoli cells, spermatogonia, spermatocytes, and capped spermatids were evaluated. In
females, oocyte quality was assessed. There were no effects of MTBE on any of the cell
types examined, but no further details were provided. OEHHA (1999) and ATSDR
(1996) indicated that the reproductive NOAEL for this study was 1,000 mg/kg-day, but
no further details were available. It should be noted that OEHHA (1999) and ATSDR
(1996) likely did not adjust for the less than daily dosing regimen, and likely should have
indicated the reproductive NOAEL as 714 mg/kg-day.

In vitro assays

High concentrations of MTBE were cytotoxic to cultured Sertoli seminiferous epithelium
cells possibly through an oxidative stress-mediated pathway (Dongmei et al., 2008).
Cytotoxicity and oxidative stress were measured in cultured SD rat Sertoli cells exposed
to MTBE (99.8% purity) concentrations at 0, 0.005, 0.5 or 50 mM (Dongmei et al.,
2008). The production of reactive oxygen species, maleic dialdehyde content and the
level of superoxide dismutase activity in cell supernatants were measured along with the
expression of 8-oxoguanine DNA glycosidase and extracellular superoxide dismutase in
Sertoli cells. Effects at the low-dose (0.005 mM) were limited to an increase in reactive
oxygen species after three and 48 hours of exposure but not after two, six or 24 hours.
High concentrations (0.5 mM and higher) were associated with cytotoxicity, induced
lactate dehydrogenase leakage, and increased plasma membrane damage in Sertoli cells.
The relevance of these effects at lower, more environmentally-relevant exposure
concentrations was not discussed.

The effect of MTBE on the testosterone production of Leydig cells in culture was
examined in vitro by de Peyster et al. (2003). Leydig cells were isolated from adult male
Sprague-Dawley rats and incubated for three hours with 0, 50, or 100 mM MTBE (>
99.8% purity) or t-butanol, a major metabolite of MTBE. The same concentrations were
also tested with human Chorionic Gonadotropin (hCG), added to stimulate testosterone
production. Cell viability at the tested concentrations was at least 85%. Testosterone
production after the three-hour exposure was measured by radioimmunoassay.
Aminoglutethimide was used as a positive control, and the experiment was conducted in
triplicate.

A statistical reduction in basal testosterone production of 56% and 76%, compared to
controls, was observed at 50 and 100 mM MTBE, respectively. A statistical reduction in
human Chorionic Gonadotropin-stimulated testosterone production of 51% and 60%,
compared to controls, was observed at 50 and 100 mM MTBE, respectively. T-butanol
induced a statistical reduction in basal testosterone production of 72% and 66% at 50
mM and 100 mM compared to controls, respectively. T-butanol induced a statistical
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reduction in human Chorionic Gonadotropin-stimulated testosterone production of 73%
and 83% at 50 mM and 100 mM compared to controls, respectively. The positive control,
aminoglutethimide (5 mM) induced a statistical reduction of basal and human Chorionic
Gonadotropin-stimulated testosterone production of 80% and 75% compared to controls,
respectively.

In a 14- and 90-day systemic gavage study in Sprague-Dawley rats by Robinson et al.
(1990), effects on ovary weight and histology and testes weight and histology were
examined, and no effects were reported.

7.5.2 Developmental Toxicity Studies
No oral developmental studies were identified for MTBE.
7.6 Studies of Immunological and Neurological Effects

No standardized immunological or neurological assays were identified for MTBE, but
some immunological or neurological effects have been reported in systemic studies for
MTBE.  Reported immunological effects were limited to reduced circulating
corticosterone levels and thyroid weights in rats after short-term gavage exposures.
Reported neurological effects were limited to transitory post-dosing salivation after
gavage doses of 64 mg/kg-day and higher and transitory hypoactivity and/or ataxia at
higher doses in rats. However, the transient salivation may reflect the irritating properties
of methyl tert-butyl ether rather than a neurological effect.

7.6.1 Immunological Effects

Twelve male Sprague-Dawley rats per dose were administered MTBE (> 99.8% purity in
corn oil) via gavage at 0, 1,000, or 1,500 mg/kg every other day for a total of 14 doses
over 28 days (de Peyster et al., 2003). After an adjustment of doses due to excess weight
loss, the terminal doses were approximately equivalent to 0, 357, or 536 mg/kg-day.
Terminal corticosterone was measured on Day 1, 14, and 28. Mean corticosterone levels
on Day 1, 14, and 28 were not statistically different compared to controls, but the sample
size was only about 4-5 rats per dose, due to other analyses concurrently requiring blood
volume.

Twelve male Sprague-Dawley rats per dose were administered MTBE (> 99.8% purity in
corn oil) via gavage at 0, 40, 400, or 800 mg/kg-day for 28 days (de Peyster et al., 2003).
Corticosterone concentrations were measured on Day 1 and 14 (tail blood) and 28
(trunk). Thyroid weights were measured, and mean organ-to-body and brain weight
ratios were calculated.

At 40 mg/kg-day, mean plasma corticosterone was statistically reduced by 28%

compared to controls on Day 14, but the corticosterone was not statistically different
from controls at study termination.
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At 400 mg/kg-day, mean plasma corticosterone was statistically reduced by 42%
compared to controls on Day 14, but the corticosterone was not statistically different
from controls at study termination.

At 800 mg/kg-day, mean plasma corticosterone was statistically reduced by 43%
compared to controls on Day 14. At study termination, mean plasma corticosterone was
statistically reduced by 44% compared to controls. The mean thyroid-to-body- weight
ratio was statistically reduced by 29% compared to controls.

In a 14-day and 90-day systemic gavage study in Sprague-Dawley rats by Robinson et al.
(1990), effects on spleen and thymus weight and histology were examined, and no effects
were reported. Although some statistical reductions in monocyte differential counts were
observed, the effect was not dose- or duration-related and did not occur in both sexes.

In a 28-day gavage study by Lee et al. (1998), MTBE (unspecified purity in corn oil) was
administered to male Sprague-Dawley rats at 0, 40, 400, or 800 mg/kg-day via gavage.
At 800 mg/kg-day, high corticosterone levels were observed, but the magnitude and
statistical significance were not specified. Limited details were available in this
published abstract and a full publication was not located.

7.6.2 Neurological Effects

Neurological effects in rats were limited to transitory salivation reported after a single
gavage dose of 90 mg/kg-day and higher and transitory hypoactivity and/or ataxia at
higher doses (Johnson et al., 1992).

Intraventricular injection of high doses of MTBE impaired the performance of rats in a
Morris water maze task, significantly increased the expression of GABA(A) receptor
alphal subunit in the hippocampus, and reduced phosphorylation of ERK1/2 (Zheng et
al., 2009). The biological significance of this effect in humans was not proposed by the
authors.

Martin et al. (2002) studied the effect of 200 and 400 mM MTBE (unspecified purity) on
binding at the gamma-aminobutyric acid receptor site in cerebral cortex membrane
preparations isolated from male Sprague-Dawley rats. The gamma-aminobutyric acid
receptor was probed using the *H-t-butylbicycloorthobenzoate, which binds to the
convulsant recognition site of the receptor. The experiment was conducted in triplicate.

The 50% inhibitory concentration (ICsp) of MTBE and its metabolite, t-butanol, on the
binding of *H-t-butylbicycloorthobenzoate at the gamma-aminobutyric acid(A) receptor
site was 120 and 69 mM, respectively. In additional saturation binding assays, 200 and
400 mM MTBE statistically reduced apparent density of convulsant binding, or By, to
36 and 17% of the control value, respectively. The study authors suggested that their
results indicate that direct effects on the gamma-aminobutyric acid(A) receptor site by
MTBE or its metabolite t-butanol could explain some of the neurotoxicological or
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neurobehavioral effects observed after MTBE exposures in humans and laboratory
animals.

8.0 RISK CHARACTERIZATION
8.1 Hazard Identification
8.1.1 Major Non-Cancer Effects

The scientific literature for MTBE in humans and laboratory animals has been reviewed
extensively by several national and international regulatory agencies, including the World
Health Organization (WHO, 2005; IPCS, 1998), the Netherlands (Baars et al. 2004);
European Chemicals Bureau (ECB, 2002), California EPA (OEHHA, 1999),
International Agency for Research on Cancer (IARC, 1999), U.S. EPA (1997), European
Center for Ecotoxicology and Toxicology of Chemicals (ECETOC, 1997), Agency for
Toxic Substances and Disease Registry (ATSDR, 1996), and Health Canada (1996;
1992). Thus, this risk assessment to determine a non-cancer RfD for MTBE focuses
mainly on the oral exposure studies included in these reviews or that have been published
since these reviews. Oral LOEL and NOEL values from the animal studies reviewed are
shown in the Appendix. Although inhalation toxicity studies are available for MTBE, oral
studies were preferred due to the lack of a physiologically-based pharmacokinetic model
to reliably extrapolate inhaled doses in rodents to human equivalent oral doses.

Drinking water exposure to MTBE for up to one year was associated with reduced water
intake likely secondary to palatability (Bermudez et al., 2007; 2008, 2009). As a result,
the increases in urine osmolality, specific gravity, and creatinine levels were attributed to
a “concentration effect” secondary to reduced water intake (Bermudez et al., 2009).
Statistical increases in mean relative kidney weights in treated male rats at 12 months
were accompanied by nephropathy of minimal to mild severity. A statistical increase in
mean relative testes weights was also observed in treated male rats in the absence of
testicular histopathology. The LOAEL for one-year drinking water exposure to MTBE
can be considered 384 mg/kg-day based on the increase in mean relative testes weights at
the high-dose. However, the received mg/kg-day dose at the mid-dose was not reported
and thus the NOAEL is not known for this effect (Bermudez et al., 2009). Interpretation
of this effect in high-dose males may be impacted by concurrent reductions in mean body
weight (7%). Full details of these unpublished drinking water studies are not available.

Gavage (Dongmei et al., 2009a; Johnson et al., 1992; Robinson et al., 1990; Williams and
Borghoff, 2000; Williams et al., 2000) but not drinking water exposure (Bermudez et al.,
2008, 2009) to MTBE was associated with increased mean liver weights, liver-associated
blood effects (apartate aminotransferase, blood urea nitrogen, and/or cholesterol) and
minimal-to-moderate centrilobular hepatocyte hypertrophy in SD rats. “No treatment-
related nononcological pathological changes were detected by gross inspection and
histological examination” after two-years of gavage exposure to MTBE at adjusted doses
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up to 571 mg/kg-day (1,000 mg/kg-day adjusted for daily dosing; Belpoggi et al., 1995),
but the data were not reported. Similar to drinking water exposure, gavage exposure to
MTBE was associated with increased mean absolute and relative kidney weights in male
rats accompanied by hyaline droplet formation in the renal proximal tubules (Johnson et
al., 1992; Robinson et al., 1990; Williams and Borghoff, 2000; Williams et al., 2000).

8.1.2 Mode of Action (Non-Cancer Effects)

The effects seen in the kidneys of male rats that received MTBE via drinking water or
gavage exposures for up to one year (Bermudez et al., 2007, 2008, 2009; Johnson et al.,
1992; Klan et al., 1992; Williams and Borghoff, 2000; Williams et al., 2000) were
consistent with a-2p-globulin nephropathy. These effects are specific to male rats and of
questionable relevance to humans (Meek et al., 2003).

The liver effects associated with four or 13 weeks of gavage exposure to MTBE are
likely due to an adaptive mechanism to metabolize bolus doses of MTBE at 250 mg/kg-
day and above (Johnson et al., 1992; Robinson et al., 1990; Williams and Borghoff, 2000;
Williams et al., 2000) since they were not observed after drinking water exposure to
doses up to 972 mg/kg-day in male rats and 1,153 mg/kg-day in females for the
equivalent exposure duration or longer (Bermudez et al., 2008, 2009). Limited in vivo
metabolism data suggest that oral exposure to MTBE induces various CYP450 isozymes
(Le Gal et al., 2001; Williams and Borghoff, 2000), and MTBE has been shown to induce
its own metabolism by 2.1-fold beginning after 15 days of gavage exposure to 1,500
mg/kg-day MTBE (> 99.9% purity in corn oil; Williams and Borghoff, 2000). The lack
of multiple examined doses in the study precludes an assessment of dose-response. These
adaptive mechanisms likely lead to the centrilobular hepatocyte hypertrophy observed
after gavage exposure but that appear to be lacking after drinking water exposure
(Bermudez et al., 2008), recognizing that the latter study is not available for review. The
lack of hepatic tumors from the Belpoggi et al. (1995) chronic gavage study is reassuring.

The lack of reported thyroid or liver tumors in rats from the Belopoggi et al. (1995) study
at adjusted doses of 571 mg/kg-day (1,000 mg/kg-day adjusted for less than seven day
dosing) supports a mode of action independent of a disruption of the thyroid/pituitary
axis (as seen with phenobarbital), a mode of action that has unclear relevance to humans
(Meek et al., 2003). Studies examining the activation of the constitutive androstane
receptor (CAR) or thyroid stimulating hormone (TSH) levels after oral exposure to
MTBE were not identified in the public literature.

The potential for MTBE to induce peroxisome proliferation, which is mediated through a
series of evens that are unlikely to be relevant to humans (Cohen et al., 2003; Klaunig et
al., 2003), has been examined in one study (de Peyster et al., 2003). There were no
statistical differences in liver weights, liver-associated blood effects (cholesterol,
triglyceride, alanine aminotransferase, and aspartate aminotransferease), or peroxisomal
[-oxidation in hepatic peroxisomes from male rats that received MTBE via gavage at 800
mg/kg-day for 14 days compared to controls (de Peyster et al., 2003). In addition to liver
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tumors, a peroxisome proliferation-mediated mode of action may also result in Leydig
cell tumors and/or pancreatic cell tumors (Klaunig et al., 2003). An increase in Leydig
cell tumors were observed in male rats that received MTBE for two years (Belpoggi et
al., 1995). The mode of action of the Leydig cell tumors observed in male rats after
chronic gavage dosing (Belpoggi et al., 1995) is unclear and may be mediated through
mechanisms considered to have a threshold (ie. may be potentially relevant to the
derivation of a RfD for MTBE). Reproductive hormone levels and reproductive organ
weights and histology have been examined after single and repeated gavage or drinking
water exposure in rats and mice. Single or repeated gavage dosing (up to 28 days) of
MTBE in corn oil at >800 mg/kg-day was associated with reductions in mean serum
testosterone (de Peyster et al., 2003). Increased mean relative testes weights (15%) and
estradiol levels along with reduced serum luteinizing hormone and testicular microsomal
aromatase levels were observed in SD rats after high gavage doses of MTBE (>1,200
mg/kg-day) for 28 days (de Peyster et al., 2003; Williams and Borghoff, 2000; Williams
et al., 2000). The decrease in mean relative testes weights in male SD rats that received
MTBE via gavage in peanut oil at 400 mg/kg-day and higher for two weeks was likely
due to an unusually high control mean relative testes weight since there was no dose-
response and the effect was not seen after four weeks of exposure to the same doses or in
a separate study conducted under the same protocol (two-week exposure with the same
doses; Dongmei et al., 2008). In this latter study, the NOAEL was considered 400 mg/kg-
day based on the alterations in serum testosterone and histopathology in the testes
observed at 800 mg/kg-day after four weeks of gavage exposure (Dongmei et al., 2008).
No effects on testes weights were reported in SD rats that received MTBE in soybean oil
via gavage at adjusted doses up to 857 mg/kg-day (1,000 mg/kg-day adjusted for less
than daily dosing) for 13 weeks (Zhou and Ye, 1999). Although Robinson et al. (1990)
noted that the weight of the “gonads” were reported, data for the testes were not reported.
A statistical increase in mean relative testes weights was observed in the absence of
testicular histopathology after one year of drinking water exposure to MTBE at 384
mg/kg-day (Bermudez et al., 2009), but the received mg/kg-day dose at the mid-dose was
not reported and thus the NOAEL is not known for this effect. High concentrations (> 50
mM) of MTBE were also found to reduce basal and human Chorionic Gonadotropin
(hCG)-stimulated testosterone production in cultured rat Leydig cells (de Peyster et al.,
2003). All investigations in male mice failed to find a clear or consistent effect on
reproductive hormone levels, organ weights or histology at gavage doses up to 2,000
mg/kg-day for three days (Billitti et al., 2005); gavage doses of 714 mg/kg-day (adjusted
for less than daily dosing) for three weeks (Ward et al., 1994), or drinking water exposure
at up to ~1,500 mg/kg-day for up to 51 days (de Peyster et al., 2008).

Collectively, studies examining reproductive hormone levels or reproductive tissue
responses in male rats or mice after oral exposure to MTBE failed to find a clear or
consistent pattern. Some studies reported effects on testes weights or histology in rats at
high gavage doses (800 mg/kg-day) for 28 days de Peyster et al., 2003; Dongmei et al.,
2008) while other studies reported no effects in rats at higher exposure doses (=857
mg/kg-day) for longer (13 weeks) exposure periods (Robinson et al., 1990; Zhou and Ye,
1999). Nonetheless, in studies reporting an effect, the gavage NOAEL and LOAEL for
alterations in serum testosterone accompanied by testicular histopathology in male SD
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rats may be ~400 mg/kg-day and 800 mg/kg-day, respectively (de Peyster et al., 2003;
Dongmei et al., 2008). The drinking water NOAEL is unknown for the increase in
relative testes weights observed in the absence of testicular histopathology in Wistar rats
after one year of drinking water exposure to MTBE at 384 mg/kg-day (Bermudez et al.,
2009).

8.1.3 Key Study and Critical Effect for RfD

The liver effects associated with subchronic gavage exposure to MTBE in rats (Robinson
et al., 1990) were attributed to adaptive mechanisms responding to bolus dosing since
they do not appear to have been observed after drinking water exposure to higher doses
for longer exposure periods (Bermudez et al., 2008, 2009), recognizing that these latter
studies are not available. The highest dose administered in the 13-week gavage study was
1,200 mg/kg-day (Robinson et al., 1990) and the highest dose received in the 13-week
drinking water study was 972 mg/kg-day in male rats and 1,153 mg/kg-day in females.
(Bermudez et al., 2008)

Since full study details are not available for the unpublished 13-week or one-year
drinking water studies, the key study for the RfD is therefore considered the subchronic
gavage study in rats (Robinson et al., 1990). No critical effects could be identified since
the liver effects, which include increased mean liver weights and liver-associated blood
effects (aspartate aminotransferase, blood urea nitrogen, and cholesterol) were attributed
to bolus dosing and the kidney effects were attributed to a-2p-gloobulin nephropathy.

Although the two-year gavage study (Belpoggi et al., 1995) was perhaps conducted for a
more appropriate exposure duration to serve as the basis of a lifetime drinking water
level, the non-neoplastic data were not available for review. Recognizing that
standardized chronic inhalation studies in rats and mice are available (Bird et al., 1997),
insufficient kinetics data are available to reliably extrapolate an inhalation concentration
in rats to human equivalent oral doses.

8.1.4 Identification of Susceptible Populations

Individuals with reduced ability to metabolize MTBE may potentially be more sensitive
to adverse health outcomes resulting from MTBE exposure. Some human variants of
CYP2A6, obtained from people who claimed to be sensitive to MTBE had 33% less
activity than the wild type in oxidizing MTBE (Hong et al., 2001; as cited by McGregor,
2006). There are no other data by which to identify any subpopulations (e.g., the elderly,
pregnant women, children, or people with allergies or asthma) that might be at special
risk to MTBE exposure (IPCS, 1998).

8.1.5 Dose-Response Assessment
The liver effects observed after gavage dosing in the Robinson et al. (1990) study include

increased mean liver weights and liver-associated blood effects (aspartate
aminotransferase, blood urea nitrogen, and cholesterol), with the most sensitive effect
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being the statistical reduction in mean blood urea that occurred at all doses (250 mg/kg-
day and above) in both sexes (Table 2). While centrilobular hepatocyte hypertrophy was
not specifically reported in the Robinson et al. (1990) study, there is dose-related
evidence of this observation in another study administering lower doses (250 mg/kg-day)
for a shorter exposure duration (28 days; Williams and Borghoff, 2000). While adaptive
mechanisms to metabolizing bolus or high-dose chemical exposures are usually
reversible upon cessation of treatment, these mechanisms, if provoked for a sufficiently
prolonged duration, may result in irreversible changes that are considered adverse and
potentially relevant to humans.

Table 2. Decreased mean blood urea nitrogen in SD rats that received
MTBE via gavage (Robinson et al., 1990)

(rrl?g;)lslfg- Mean blood urea nitrogen (mg/dL) Meﬁcgﬁ:m}nﬁlt E;;altlve Mean terminal body weight (g)
day) Males Females Males Females Males Females
0 22.5 24.8 3.13 3.83 4717.1 330.2
100 17.9 (15%)** 21.1 (20%)** 3.12 (0%) 3.78 (11%) 427.7 (11%) 330.1 (0%)
300 18.1 (20%)* 16.7 (33%)** 3.08 (12%) 4.03 (15%) 475.5 (0%) 312.5 ([5%)
900 18.4 (18%)* 16.2 (35%)** 3.60 (113%)** 4.39 (113%)* 470.1 (12%) 311.3 ([6%)
1,200 18.5 (18%)* 20.6 (17%)* 3.54 (113%)** 4.07 (16%) 458.8 (14%) 302.1 (19%)*

* p<0.05 compared to controls

% p<(.001

! Relative to mean terminal body weight; mean terminal absolute liver weights were not statistically different from controls

at any dose

The plateau in the reduction of blood urea nitrogen and the increase in mean relative liver
weights in male rats observed at 900 mg/kg-day and above after gavage dosing
(Robinson et al., 1990) suggests that the threshold for inducing adaptive metabolic
pathways after bolus dosing may be around 900 mg/kg-day (Table 1). Although
environmentally-relevant exposure concentrations of MTBE are unknown, they are likely
to be much lower than those associated with an adaptive response. Williams and
Borghoff (2000) demonstrated that MTBE induced its own metabolism 2.1-fold
beginning after 15 days of gavage exposure to 1,500 mg/kg-day MTBE. The effect of
long-term drinking water exposure to MTBE at levels below the threshold that would
elicit such adaptive responses is unknown since data from the two-year drinking water
study are not available (Bermudez et al., 2009). Therefore, the NOAEL can be considered
300 mg/kg-day based on the induction of adaptive responses observed at 900 mg/kg-day.
The lack of a critical effect precludes dose response assessment for MTBE and thus, the
NOAEL/uncertainty factor approach can be used to calculate the RfD for MTBE.

There are insufficient details available from the drinking water studies to compare to the
results of gavage dosing (Bermudez et al., 2008). Other than reduced water intake and
a2p-globulin associated renal effects, mean body weight was reduced by an unspecified
magnitude in males that received 514 mg/kg-day for 13 weeks (Bermudez et al., 2008).
Mean relative testes weights were reduced in the absence of associated histopathology in
male rats that received MTBE at 384 mg/kg-day in their drinking water for one-year
(Bermudez et al., 2009).
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8.1.6 Uncertainty Factor Selection
. Interspecies Extrapolation = 10x

Chemical-specific adjustment of either portion of the interspecies uncertainty factor can
be made using chemical-specific data if the conditions described in WHO/IPCS (2005)
can be satisfied. For the toxicokinetic portion of the factor, these conditions include:

1. Identification of the active chemical moiety.

There are insufficient data to clearly establish a mode of action or identify the
active chemical moiety since a critical effect could not be identified for MTBE
based on the available studies.

2. Determination of whether the toxicity depends on the area under the
concentration-time curve (AUC) or the maximum concentration (Cyax).

The liver changes likely depend on the maximum concentration (Cpmax) since they
are observed after bolus dosing but not drinking water exposure to comparable
doses.

3. The availability of a physiologically based pharmacokinetic (PBPK) model to
describe target organ dosimetry, or comparable animal and human data.

A physiologically-based model extrapolating from oral dosing in rats to humans
was not identified. Preliminary details from the unpublished drinking water
studies (Bermudez et al., 2007, 2008, 2009) indicate that blood levels of MTBE
and t-butanol were included. These data may be useful in constructing such a
model.

4. The route of administration to laboratory animals must be relevant to human
exposure. The animal doses must approximate to the expected human exposure,
and an adequate number of subjects and samples should be included.

Although the drinking water route of exposure is preferred, these studies are not
finalized and not available at this time (Bermudez et al., 2007, 2008, 2009).

There is insufficient information for chemical-specific adjustment of the interspecies
uncertainty factor based on WHO/IPCS (2005) criteria. Thus, the default 3x factor was
considered appropriate to address these toxicokinetic differences between humans and
rats.

With respect to the toxicodynamic portion of the interspecies uncertainty factor, the
adjustment factor for interspecies toxicodynamics will usually be based on results of in
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vitro studies comparing animal and human tissue (WHO/IPCS, 2005). The active
chemical moiety should be identified and in vitro data examining the critical effects or
key events should serve as the basis for quantitatively defining interspecies
toxicodynamic differences. The default 3x factor was considered appropriate to address
potential toxicodynamic differences between humans and rats, since the active chemical
moiety is unclear and there are no in vitro studies comparing animal and human tissue
responses at target tissues. Thus, the interspecies uncertainty factor for MTBE is 10x.

. Intraspecies Extrapolation = 10x

Individuals with reduced ability to metabolize MTBE may potentially be more sensitive
to adverse health outcomes resulting from MTBE exposure. Some human variants of
CYP2A6, obtained from people who claimed to be sensitive to MTBE had 33% less
activity than the wild type in oxidizing MTBE (Hong et al., 2001). Therefore, the 10x
default intraspecies uncertainty factor is appropriate.

. LOAEL to NOAEL Extrapolation = 1x

The NOAEL from the key Robinson et al. (1990) study was considered 300 mg/kg-day.
This study is supported by a 13-week drinking water study that administered comparable
doses (Bermudez et al., 2008).

. Extrapolation from Subchronic to Chronic Exposure = 10x

Details for the two-year drinking water study currently in progress are not available
(Bermudez et al., 2009). “No treatment-related nononcological pathological changes were
detected by gross inspection and histological examination™ after two-years of gavage
exposure to MTBE at adjusted doses up to 571 mg/kg-day (1,000 mg/kg-day adjusted for
daily dosing; Belpoggi et al., 1995), but the non-neoplastic data were not available for
review. The LOAEL for one-year drinking water exposure to MTBE can be considered
384 mg/kg-day based on the increase in mean relative testes weights. However, the
received mg/kg-day dose at the mid-dose was not reported and thus the NOAEL is not
known for this effect (Bermudez et al., 2009). Although Robinson et al. (1990) reported
that “gonads” were weighed, testes weights were not reported. Since the NOAEL of 900
mg/kg-day from the key Robinson et al. (1990) study used as the point of departure is
higher than the one-year LOAEL (Bermudez et al., 2009), a departure from the default
subchronic to chronic uncertainty factor can not be justified. The lack of associated
testicular histopathology after one-year is reassuring (Bermudez et al., 2009), recognizing
that chronic gavage exposure to MTBE at 571 mg/kg-day (1,000 mg/kg-day adjusted for
daily dosing) was associated with a statistical increase in Leydig cell tumors (Belpoggi et
al., 1995).

. Incomplete Database = 3x

When considering only the oral toxicity data for MTBE, data are available to satisfy only
one of the five core areas due to the lack of a second-species systemic bioassay of at least
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13 weeks in duration as well as the lack of a two-generation reproduction study. A
second-species chronic bioassay in CD-1 mice (Bird et al., 1997), a two-generation
reproduction study in SD rats (Bevan et al., 1997a), and developmental toxicity data in
New Zealand white rabbits and CD-1 mice (Bevan et al., 1997b) are available when the
inhalation data are also considered. Thus, based on both routes of exposure, standardized
studies are available in all five core areas. Complete study details are not available for the
unpublished drinking water studies in rats (Bermudez et al., 2007, 2008, 2009)

The Total Uncertainty Factor is therefore, 3000x (10 x 10 x 1 x 10 x 3).
8.1.7 RfD Calculation

The NOAEL of 300 mg/kg-day from the Robninson et al. (1990) subchronic gavage
study can be used as the point of departure for the RfD.

RfD = NOAEL
Total UF

300 meg/ke-day
3000

0.1 mg/kg-day
8.2 TAC Derivation

The Total Allowable Concentration (TAC) is used to evaluate the results of extraction
testing normalized to static at-the-tap conditions and is defined as the RfD multiplied by
the 70 kg weight of an average adult assumed to drink two liters of water per day. A
relative source contribution (RSC), applied when calculating a TAC for non-carcinogens,
is used to ensure that the RfD is not exceeded when food and other non-water sources of
exposure to the chemical are considered. In the absence of data to estimate the
contribution from food or other non-water sources of exposure to the chemical of
concern, a default of 20% can be used (EPA, 1991).

The RfD of 0.1 mg/kg-day can be used to calculate the TAC for MTBE. Due to the lack
of data estimating potential environmental exposure levels for MTBE, a default of 20%

RSC was used to calculate the TAC.

TAC

RfD x 70 kg x 20% RSC
2 L/day

= 3.5mg/L x0.2

= 0.7 mg/L (or 700 ug/L)
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Taste and odor thresholds for MTBE in water have been reported to be between 2.5 and
680 ug/L (IPCS, 1998; OEHHA, 1999; Suffet et al., 2007; U.S. EPA, 1997).

8.3 SPAC Derivation

The SPAC (single product allowable level) is the TAC action level divided by the
estimated number of drinking water sources for MTBE. Since there were insufficient data
to quantify the number of drinking water sources of MTBE, a default standard multiple
source factor of 10 was used.

SPAC = TAC = 0.7mg/L
10 10

0.07 mg/L (or 70 pg/L)
9.0 RISK COMPARISONS AND CONCLUSIONS

One of the primary uncertainties associated with the present assessment is the lack of
complete study details for the drinking water studies (Bermudez et al., 2007, 2008, 2009)
thus necessitating the use of a gavage study as the key study (Robinson et al., 199).
Health Canada (1992) and the Netherlands (Baars et al., 2004) have derived non-cancer
oral risk levels for MTBE. Health Canada (1991) derived a tolerable daily intake (TDI) of
0.01 mg/kg-day based on a NOAEL of 100 mg/kg-day from Robinson et al. (1990). An
uncertainty factor of 10,000 was applied (10 for intraspecies variation, 10 for interspecies
variation, and 100 for a less-than-chronic study, lack of data on carcinogenicity and
minimal effects observed at the NOAEL). Using the same study as Health Canada
(1992), the Netherlands (Baars et al., 2004) derived a tolerable daily intake (TDI) of 0.3
mg/kg-day based on a NOAEL of 300 mg/kg-day for liver and kidney toxicity in rats
from the Robinson et al. (1990) study. The Netherlands (Baars et al., 2004) applied an
uncertainty factor of 1000 (10 each for intra- and interspecies differences, and an
additional 10 for limited duration of the study and database deficiencies). The RfD of 0.1
mg/kg-day derived herein is based on the same key Robinson et al. (1990) study and
NOAEL of 300 mg/kg-day as the Netherlands (Baars et al., 2004). However, NSF
International did not depart from the default study duration extrapolation factor.

The effect of long-term drinking water exposure to MTBE at levels below the threshold
that would elicit an adaptive liver response is unknown since data from the two-year
drinking water study are not available (Bermudez et al., 2009). While adaptive
mechanisms to metabolizing high-dose chemical exposures are usually reversible upon
cessation of treatment, these mechanisms, if provoked for a sufficiently prolonged
duration, may result in irreversible changes that are considered adverse and potentially
relevant to humans. A physiologically-based pharmacokinetic model extrapolating oral
rat doses to humans and additional studies examining potential modes of action would
increase the confidence and reduce the uncertainty associated with the non-cancer risk
levels derived herein. The relevance of the drinking water levels derived herein should be
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re-evaluated when the results of the two-year drinking water study are available
(Bermudez et al., 2009).
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APPENDIX
Summary of non-cancer LOEL and NOEL values from repeated-dose oral studies with MTBE ?
Study Type Route of NOEL LOEL L
(Species) Exposure | mg/kg-day® | mg/kg-day® Non-Cancer Biological Effect(s) Reference
Two-Week Drinking Insufficient details to T kidney weights in males, ¥ blood urea nitrogen and hematocrit in Bermudez et al.,
(Wistar rat) Water determine females. Study not available. 2007
Two-Week (SD Gavace None ({) 357 (9) J mean absolute and relative lung weights in male and female rats and | Robinson et al.,
Rat) g 357 (&) 714 (2) altered clinical parameters in male rats. Limited endpoints evaluated. 1990
Two-Week (SD None (& No effect on hepatic clinical chemistry or peroxisomal proliferation. DePeyster et al.,
Rat) Gavage 800 (J only) only) Limited endpoints evaluated. 2003
Up to Four-Week 400 . - . Dongmei et al.,
(SD raf) Gavage None (3 only) Reduced serum creatinine. Limited endpoints evaluated. 20092
Three-Week . No effects on body welght. or reproductive parameters (sperm nu'mbc'er, Ward et al.,
Gavage 714 None Sertoli cells, spermatogonia, spermatocytes, and capped spermatids in .. c
(CD-1 Mouse) > o . 1994 °; 1995
males and oocyte quality in females). Limited endpoints evaluated.
Four-Week (CD-1 Drinking 1,178 None No effects on testosterone level, testes weight or histology. Limited De Peyster et
mouse) Water (& only) endpoints evaluated al., 2008
T mean relative liver weight and minimal-to-moderate centrilobular Williams and
Four-Week (SD . . : . Borghoft, 2000;
Rat) Gavage 250 (& only) | 500 (3 only) | hypertrophy. T mean relative kidney weight and protein droplet Williams et al
nephropathy in renal tubules. Limited endpoints evaluated. 2000 N
T mean cholesterol and relative liver weight. Gastric inflammation, Johnson ef al
Four-Week (SD G 314 (' and | 1,250 (3 and | edema, hyperplasia, and ulcers. T mean relative kidney weight and . N
avage b b . . v . 1992; Klan et
Rat) ?) ?) hyaline droplet formation in renal tubules of males. Limited endpoints al.. 1992
evaluated. i
Four-Week (SD { circulating testosterone concentration immediately following dosing; | DePeyster et al.
G 357 1 536 \ . .. . ’ ’
Rat) avage (C only) (5 only) 1 mean liver P450 content. Limited endpoints evaluated. 2003
. . . DePeyster et al.,
Four-Week (SD Gavage 400 (2 only) | 800 (& only) J body weight and { plasma testosterone and corticosterone. Limited 2003; Day et al.,
Rat) endpoints evaluated. 1998
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Study Type Route of NOEL LOEL . .

(Species) Exposure | mg/kg-day® | mg/kg-day® Non-Cancer Biological Effect(s) Reference
Four-Week (SD None 1,200 1 mean relative liver we.lght, J mean testostergne and .lutelnlzlng DePeyster et al.,
Rat) Gavage (& only) (& only) hormone, T mean estradiol, { hepatic and testicular microsomal 2003

Y Y aromatase activity. Limited endpoints evaluated.
Up to Four-Week Alterations in serum testosterone and histopathology in the testes Dongmei et al.,
(SD Rat) Gavage 400 (& only) | 800 (¢ only) Limited endpoints evaluated. 2008
1,536 No effect on serum estradiol or testosterone concentrations or mean
Seven-Week (CD-1 | Drinking (juV:enile E None seminiferous tubule diameter or reproductive organ histology. No De Peyster et
mouse) Water only) evidence of oxidative stress in liver homogenates. Limited endpoints al., 2008
Y evaluated.
13-week (Wistar Drinking Insufficient details to v mean body weights (unspecified magnitude) and a-2u-globulin- Bermudez et al.,
. associated renal effects in males at 514 and 972 mg/kg-day. Study not
rat) Water determine . 2008
available.
None T liver weights and aspartate aminotransferase, hepatic nuclear Zhou and Ye
13-Week (SD Rat) | Gavage 143 (3 only) | condensation, fat droplets, lysosome appearance in cells, and smooth ’
(Jonly) S g : . i 1999
endoplasmic reticulum disintegration. Limited endpoints evaluated.
None 100 { blood urea nitrogen in males and females. Limited endpoints Robinson et al.,
13-Week (SD Rat) | Gavage (& and &) (& and &) | evaluated. 1990
One-year (Wistar Drinking Insufficient details to . Bermudez et al.,
rat) Water determine Study not available. Part of a two-year study. 2009
Although study authors reported “no treatment-related nononcological .
pathological changes were detected by gross inspection and Belpoggi et al,,
104-Week (SD Rat) | Gavage Not determined . . o . - . 1995; 1997;
histological examination,” data were not provided. Limited endpoints
. . . . 1998
evaluated (no hematology, clinical chemistry, or urinalysis).

*Biologically-observed effects not necessarily considered adverse (see text)
" Doses were adjusted to account for a less than 7-day dosing regimen.
¢ Study not available, and thus as cited in OEHHA (1999) and ATSDR (1996).
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PREFACE

Drinking Water Public Health Goals
Pesticide and Environmental Toxicology Section
Office of Environmental Health Hazard Assessment

California Environmental Protection Agency

This Public Health Goa (PHG) technical support document provides information on health
effects from contaminants in drinking water. PHGs are devel oped for chemical contaminants
based on the best available toxicological datain the scientific literature. These documents and
the analyses contained in them provide estimates of the levels of contaminants in drinking water
that would pose no significant health risk to individuals consuming the water on adaily basis
over alifetime.

The California Safe Drinking Water Act of 1996 (Health and Safety Code, Section 116365)

requires the Office of Environmental Health Hazard Assessment (OEHHA) to perform risk

assessments and adopt PHGs for contaminants in drinking water based exclusively on public

health considerations. The Act requires that PHGs be set in accordance with the following

criteria

1 PHGs for acutely toxic substances shall be set at levels at which no known or anticipated
adverse effects on health will occur, with an adequate margin of safety.

2. PHGs for carcinogens or other substances that may cause chronic disease shall be based
solely on health effects and shall be set at levels which OEHHA has determined do not
pose any significant risk to health.

3. To the extent the information is available, OEHHA shall consider possible synergistic
effects resulting from exposure to two or more contaminants.

4, OEHHA shall consider the existence of groupsin the population that are more
susceptible to adverse effects of the contaminants than the general population.

5. OEHHA shall consider the contaminant exposure and body burden levelsthat alter
physiological function or structure in amanner that may significantly increase the risk of
illness.

6. In cases of insufficient datafor OEHHA to determine alevel that creates no significant
risk, OEHHA shall set the PHG at alevel that is protective of public health with an
adequate margin of safety.

7. In cases where scientific evidence demonstrates that a safe dose response threshold for a
contaminant exists, then the PHG should be set at that threshold.

8. The PHG may be set at zero if necessary to satisfy the requirements listed above in items
six and seven.

9. OEHHA shall consider exposure to contaminants in media other than drinking water,

including food and air and the resulting body burden.

10. PHGs adopted by OEHHA shall be reviewed at least once every five years and revised as
necessary based on the availability of new scientific data.
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PHGs adopted by OEHHA are for use by the California Department of Health Services (DHS) in
establishing primary drinking water standards (State Maximum Contaminant Levels, or MCLS).
Whereas PHGs are to be based solely on scientific and public health considerations without
regard to economic cost considerations or technical feasibility, drinking water standards adopted
by DHS are to consider economic factors and technical feasibility. Each primary drinking water
standard adopted by DHS shall be set at alevel that is as close as feasible to the corresponding
PHG, placing emphasis on the protection of public health. PHGs established by OEHHA are not
regulatory in nature and represent only non-mandatory goals. By state and federal law, MCLs
established by DHS must be at least as stringent as the federal MCL, if one exists.

PHG documents are used to provide technical assistance to DHS, and they are also informative
reference materials for federal, state and local public health officials and the public. While the
PHGs are calculated for single chemicals only, they may, if the information is available, address
hazards associated with the interactions of contaminants in mixtures. Further, PHGs are derived
for drinking water only and are not to be utilized astarget levels for the contamination of other
environmental media.

Additional information on PHGs can be obtained at the OEHHA website at www.oehha.ca.gov.
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AB
AL
ACGIH
API
ARB
ATSDR
AUC
BAAQMD
BIBRA
BTEX
BUN
BW
CAAA
Cal/EPA
CAS
CCL
CCR
cbc
CFS
CENR
CHRIS
CNS
Co
CSF

CPF

DHS
DOE
DOT

LIST OF ABBREVIATIONS

Assembly Bill

Action Level

American Conference of Governmental Industrial Hygienists
American Petroleum Institute

California Air Resources Board

Agency for Toxic Substances and Disease Registry, USDHHS
area under the concentration-time curve

Bay Area Air Quality Management District, San Francisco, California
British Industrial Biological Research Association

benzene, toluene, ethylbenzene, and xylenes

blood urea nitrogen

body weight

1990 U.S. Clean Air Act Amendments

Cdlifornia Environmental Protection Agency

Chemical Abstracts Service

Drinking Water Contaminant Candidate List, U.S. EPA

Cdlifornia Code of Regulations

Centers for Disease Control and Prevention, USDHHS

chronic fatigue syndrome

Committee on Environment and Natural Resources, White House OSTP
Chemica Hazard Response Information System, U.S. Coast Guard
central nervous system

carbon monoxide

cancer slope factor, a cancer potency value derived from the lower 95%
confidence bound on the dose associated with a 10% (0.1) increased risk of
cancer (LED,g) calculated by the LMS model. CSF = 0.1/LED;,.

cancer potency factor, cancer potency, carcinogenic potency, or carcinogenic
potency factor

Cdlifornia Department of Health Services
U.S. Department of Energy
U.S. Department of Transportation
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DOT/UN/NA/IMCO

DLR
DWC
DWEL
EBMUD
ECETOC
EHS
EOHSI
ETBE
GAC
gd

g/L
HA
HAP
HCHO
HEI
HSDB
IARC
i.p.
IPCS
IRIS
iv.

kg

L

LCso

L Dso
LED;o

Leg/day
LLNL
LMS
LOAEL
LUFT

U.S. Department of Transportation/United Nations/North America/
International Maritime Dangerous Goods Code

detection limit for purposes of reporting

daily water consumption

Drinking Water Equivalent Level

East Bay Municipal Utility District, California
European Centre for Ecotoxicology and Toxicology of Chemicals
Extremely Hazardous Substances, SARA Title 111
Environmental and Occupational Health Sciences Institute, New Jersey
ethyl tertiary butyl ether

granulated activated charcoal

gestation day

grams per liter

Health Advisory

Hazardous Air Pollutant

formaldehyde

Headlth Effects I nstitute, Boston, M assachusetts
Hazardous Substances Data Bank, U.S. NLM
International Agency for Research on Cancer, WHO
intraperitoneal

International Programme on Chemica Safety, WHO
Integrated Risk Information Systems, U.S. EPA
intravenous

kilograms

liter

lethal concentrations with 50% kill

lethal doses with 50% kill

lower 95% confidence bound on the dose associated with a 10% increased risk
of cancer

liter equivalent per day

Lawrence Livermore National Laboratory, California
linearized multistage

lowest observed adverse effect level

leaking underground fuel tank
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MCCHD Missoula City-County Health Department, Montana

MCL Maximum Contaminant Level

MCLG Maximum Contaminant Level Goal

mg/L milligrams per liter

no/L micrograms per liter

MCS multiple chemical sensitivities

mL milliliter

MOE margin of exposure

MORS Office of Research and Standards, Department of Environmental Protection, the
Commonwealth of Massachusetts

MRL minimal risk levels

MTBE methyl tertiary butyl ether

MTD maximum tolerated dose

MWDSC Metropolitan Water District of Southern California

NAERG North American Emergency Response Guidebook Documents,
U.S., Canadaand Mexico

NAS U.S. National Academy of Sciences

NAWQA National Water-Quality Assessment, USGS

NCDEHNR North Carolina Department of Environment, Health, and Natural Resources

NCEH National Center for Environmental Health, U.S. EPA

NCI U.S. National Cancer Institute

ng nanograms

NIEHS U.S. National Institute of Environmental Health Sciences

NIOSH U.S. National Institute for Occupational Safety and Health

NJDEP New Jersey Department of Environmental Protection

NJHSFS New Jersey Hazardous Substance Fact Sheets

NJDWQI New Jersey Drinking Water Quality Institute

NLM National Library of Medicine

NOAEL no observable adverse effect levels

NOEL no observable effect levels

NRC National Research Council, U.S. NAS

NSTC U.S. National Science and Technology Council

NTP U.S. National Toxicology Program

OEHHA Office of Environmental Health Hazard Assessment, Cal/EPA

OEL Occupational Exposure Limit
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OHM/TADS
OSTP

Os

oxyfuel
PBPK

PHG

PHS

pnd

POTW

ppb

ppbv

ppm

ppt

pptv
Proposition 65

ar*

RfC

RfD

RFG

RSC
RTECS
SARA

SB
SCVWD
SFRWQCB
SGOT

SS

STEL
Superfund

SWRCB
TAC
TAME
TBA

Oil and Hazardous Materials/Technical Assistance Data System, U.S. EPA
White House Office of Science and Technology Policy

ozone

oxygenated gasoline

physiologically-based pharmacokinetic

Public Health Goal

Public Health Service, USDHHS

postnatal day

publicly owned treatment works

parts per billion

ppb by volume

parts per million

parts per trillion

ppt by volume

California Safe Drinking Water and Toxic Enforcement Act of 1986

a cancer potency value that is the upper 95% confidence limit of the low dose
extrapolation on cancer potency slope calculated by the LM'S model

Reference Concentration

Reference Dose

reformulated gasoline

relative source contribution

Registry of Toxic Effects of Chemical Substances, U.S. NIOSH
U.S. Superfund (CERCLA) Amendments and Reauthorization Act of 1986
Senate Bill

Santa Clara Valley Water District, California

San Francisco Regional Water Quality Control Board

serum glutami c-oxal oacetic transaminase

statistically significant

Short-Term Occupational Exposure Limit

U.S. Comprehensive Environmental Response, Compensation and Liability Act
of 1980, ak.a. CERCLA

Cdlifornia State Water Resources Control Board
toxic air contaminant

tertiary amyl methyl ether

tertiary butyl alcohol
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TBF tertiary butyl formate

TERIS Teratogen Information System, University of Washington
TOMES Toxicology and Occupational Medicine System, Micromedex, Inc.
TRI Toxics Release Inventory, U.S. EPA

TSCA U.S. Toxic Substances Control Act

TWA Time-Weighted Average

te experimental duration

t lifetime of the animal used in the experiment

tio plasmaelimination half-life

uc University of California

UCLA UC Los Angeles

UCSB UC Santa Barbara

UF uncertainty factors

uU.S. United States

USCG U.S. Coast Guard

USDHHS U.S. Department of Health and Human Services
U.S EPA U. S. Environmental Protection Agency

USGS U. S. Geological Survey

UST underground storage tanks

vOC volatile organic compound

VRG vessal rich group

WDOH Wisconsin Division of Health, Department of Natural Resources
WHO World Health Organization

WSPA Western States Petroleum Association
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PUBLIC HEALTH GOAL FOR METHYL TERTIARY
BUTYL ETHER (MTBE) IN DRINKING WATER

SUMMARY

A Public Health Goal (PHG) of 0.013 mg/L (13 nu/L or 13 ppb) is adopted for methyl tertiary
butyl ether (MTBE) in drinking water. The PHG is based on carcinogenic effects observed in
experimental animals. Carcinogenicity has been observed in both sexes of therat in alifetime
gavage study (Belpoggi et al. 1995, 1997, 1998), in male rats of a different strain in a 24-month
inhalation study (Chun et al. 1992, Bird et al. 1997), and in male and female mice in an 18-month
inhalation study (Burleigh-Flayer et al. 1992, Bird et al. 1997). In Sprague-Dawley rats receiving
MTBE by gavage, statistically significant increasesin Leydig interstitial cell tumors of the testes
were observed in males, and statistically significant increases in lymphomas and leukemias
(combined) were observed in females. In Fischer 344 rats exposed to MTBE by inhalation,
statistically significant increases in the incidences of Leydig interstitial cell tumors of the testes
were also observed in males, aswell asrenal tubular tumors. In CD-1 mice exposed to MTBE by
inhalation, statistically significant increases in the incidences of liver tumors were observed in
femal es (hepatocellular adenomas, hepatocellular adenomas and carcinomas combined) and
males (hepatocellular carcinomas). The two inhalation studies (Burleigh-Flayer et al. 1992,
Chun et a. 1992, Bird et a. 1997) and one gavage study (Belpoggi et a. 1995, 1997, 1998) cited
in this document for the development of the PHG provided evidence for the carcinogenicity of
MTBE in multiple sites and in both sexes of the rat and mouse. While some reviews have given
less weight to the findings of Belpoggi et al. (1995, 1997, 1998) due to the limitations of the
studies, Office of Environmental Health Hazard Assessment (OEHHA) scientists found that they
contribute to the overall weight of evidence. We reviewed these studies and the reported
criticisms carefully, and found the studies are consistent with other MTBE findings, and are of
similar quality to studies on many other carcinogens. This conclusion is consistent with the
findingsin the MTBE report (UC 1998) submitted by the University of California (UC). The
results of al available studies indicate that MTBE is an animal carcinogen in two species, both
sexes and at multiple sites, and five of the six studies were positive.

For the calculation of the PHG, cancer potency estimates were made, based on the recommended
practices of the 1996 United States Environmental Protection Agency (U.S. EPA) proposed
guidelines for carcinogenic risk assessment (U.S. EPA 1996f), in which a polynomial [similar to
that used in the linearized multistage (LMS) model, but used empirically and without
linearization] isfit to the experimental datain order to establish the lower 95% confidence bound
on the dose associated with a 10% increased risk of cancer (LED,g). It isplausible that the true
value of the human cancer potency has alower bound of zero based on statistical and biological
uncertainties. Part of thisuncertainty is dueto alack of evidence to support either a genotoxic or
nongenotoxic mechanism. However, due to the absence of specific scientific information
explaining why the animal tumors areirrelevant to humans at environmental exposure levels, a
standard health protective approach was taken to estimate cancer risk. The cancer potency
estimate derived from the geometric mean of the cancer slope factors (CSFs) of the combined
male rat kidney adenomas and carcinomas, the male rat Leydig cell tumors, and the leukemia and
lymphomas in female ratswas 1.8~ 10°° (mg/kg-day)™.
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The PHG was calculated assuming a de minimis theoretical excessindividual cancer risk level of
10 (one in amillion) from exposure to MTBE. Based on these considerations, OEHHA adopts
aPHG of 0.013 mg/L (13 ng/L or 13 ppb) for MTBE in drinking water using a CSF of 1.8~ 107
(mg/kg-day)™. Thisvalue also incorporates a daily water consumption (DWC) rate of three liters
equivalent per day (Leg/day). The range of possible values, based either on different individual
tumor sites, or on different multi-route exposure estimates and the average cancer potency of the
three sites (male rat kidney adenomas and carcinomas, male rat Leydig interstitial cell tumors,
and leukemia and lymphomas in female rats) was 2.7 to 16 ppb. The adopted PHG is considered
to contain an adequate margin of safety for the potential noncarcinogenic effects including
adverse effects on the renal and neurological systems.

In addition to the 13 ppb value based on carcinogenicity, a value of 0.047 mg/L (47 ppb) was
calculated based on noncancer effects of increased relative kidney weights in the Robinson et al.
(1990) 90-day gavage study inrats. The kidney effect is the most sensitive noncarcinogenic
effect by the oral route observed in experimental animals with ano observable adverse effect
level (NOAEL) of 100 mg/kg/day. Thisvalue of 47 ppb incorporates four 10-fold uncertainty
factors (UFs) for aless than lifetime study, interspecies and interindividual variation and possible
carcinogenicity. Thisvalue also incorporates a DWC rate of three Leg/day and arelative source
contribution (RSC) default value of 20%. The default value for water ingestion is the same as
used by U.S. EPA, Office of Water and is also documented in OEHHA' s draft technical support
document “ Exposure Assessment and Stochastic Analysis’ (OEHHA 1996). The three Leg/day
DWC value represents approximately the 90% upper confidence level on tap water consumption
and the average total water consumption. The three Leg/day incorporates two liters of direct
consumption and one liter for inhalation of MTBE volatilized from drinking water. The use of
20% RSC indicates that most of the exposure occurs from ambient air levels. Itisused inthe
noncancer risk assessment, but, consistent with standard practice, is not incorporated into the
cancer risk assessment. While the lower value of 13 ppb is adopted as the PHG the difference in
the two approachesis less than four-fold.

INTRODUCTION

The purpose of this document is to establish a PHG for the gasoline additive MTBE in drinking
water. MTBE is a synthetic solvent used primarily as an oxygenate in unleaded gasoline to boost
octane and improve combustion efficacy by oxygenation. Reformulated fuel with MTBE has
been used in 32 regionsin 19 states in the United States (U.S.) to meet the 1990 federal Clean
Air Act Amendments (CAAA) requirements for reducing carbon monoxide (CO) and ozone (O3)
levels (CAAA of 1990, Titlell, Part A, Section 211) because the added oxygenate promotes
more complete burning of gasoline. California's cleaner-burning reformulated gasoline
(Cdifornia RFG) has been implemented to meet statewide clean air goals [California Code of
Regulations (CCR), Title 13, Sections 2250 to 2297]. While neither Federal nor State
regulations require the use of a specific oxygenate, MTBE is most commonly utilized. MTBE is
currently used (11% by volume) in California RFG to improve air quality (Denton and Masur
1996). Californiaisthethird largest consumer of gasoline in the world. Only the rest of the U.S.
and the former Soviet Union surpassesit. Californians use more than 13.7 billion gallons of
gasoline ayear and another one billion gallons of diesel fuel.

MTBE and other oxygenates such as ethyl tertiary butyl ether (ETBE), tertiary butyl alcohol
(TBA) and ethanol are currently being studied to determine the extent of their presencein
drinking water and what, if any, potentia health implications could result from exposure to them
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(Freed 1997, Scheible 1997, U.S. EPA 19983, 1998b). California Senate Office of Research last
February released a position paper on MTBE (Wiley 1998). California Energy Commission last
October released a mandated report entitled “ Supply and Cost of Alternativesto MTBE in
Gasoline” (Schremp et al. 1998) evaluating alternative oxygenates and a possible MTBE phase
out. California Bureau of State Audits last December released areport entitled “ California’s
Drinking Water: State and Local Agencies Need to Provide Leadership to Address
Contamination of Groundwater by Gasoline Components and Additives’ emphasizing the needs
for improvements to better protect groundwater from contamination by MTBE (Sjoberg 1998).
Maine, New Jersey and Texas are considering alternativesto MTBE in reducing air pollution in
their state (Renner 1999).

MTBE was the second most-produced chemical in the U.S. in 1997, whereas previoudy it was
ranked the twelfth in 1995 and eighteenth in 1994 (Cal/EPA 1998, Kirschner 1996, Reisch
1994). In 1994 and 1995, it was estimated that about 70 million Americans were exposed to
oxygenated gasoline (oxyfuel) and approximately 57 million were exposed to reformul ated
gasoline (RFG) (ATSDR 1996, HEI 1996, NRC 1996, NSTC 1996, 1997). About 40% of the
U.S. population live in areas where MTBE is used in oxyfuel or RFG (USGS 1996) and most
people find its distinctive terpene-like odor disagreeable (CDC 19933, 1993b, 1993c, Kneiss
1995, Medlin 1995, U.S. EPA 1997a). MTBE isnow being found in the environment in many
areas of the U.S. because of itsincreased use over the last severa years.

Recently MTBE has become a drinking water contaminant due to its high water solubility and
persistence. When gasoline with 10% MTBE by weight comes in contact with water, about five
grams per liter (g/L) can dissolve (Squillace et al. 1996, 1997a). MTBE has been detected in
groundwater as aresult of leaking underground storage tanks (USTs) or pipelines and in surface
water reservoirs viarecreational boating activities. MTBE does not appear to adsorb to soil
particles or readily degrade in the subsurface environment. It is more expensive to remove
MTBE-added gasoline than gasoline without MTBE from contaminated water (Cal/EPA 1998,
U.S. EPA 19874, 1992c, 1996a, 19974). The discussion of improvementsin air quality versus
the vulnerability of drinking water surrounding MTBE has raised concerns from the public as
well as legislators (Hoffert 1998, McClurg 1998). The controversy and new mandated
reguirements have made MTBE an important chemical being evaluated by OEHHA.

Background — Prior and Current Evaluations

MTBE is not regulated currently under the federal drinking water regulations. The California
Department of Health Services (DHS) recently established a secondary maximum contaminant
level (MCL) for MTBE as 0.05 mg/L (five ng/L or five ppb) based on taste and odor effective
January 7, 1999 (22 CCR Section 64449). An interim non-enforceable Action Level (AL) of
0.035 mg/L (35 ng/L or 35 ppb) in drinking water was established by DHS in 1991 to protect
against adverse health effects. OEHHA (1991) at that time recommended this level based on
noncarcinogenic effects of MTBE in laboratory animals (Greenough et al. 1980). OEHHA
applied large uncertainty factorsto provide a substantial margin of safety for drinking water.
Since February 13, 1997, DHS (1997) regulations (22 CCR Section 64450) have included MTBE
as an unregulated chemical for which monitoring isrequired. Pursuant to this requirement, data
on the occurrence of MTBE in groundwater and surface water sources are being collected from
drinking water systems in order to document the extent of MTBE contamination in drinking
water supplies.
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In California, the Local Drinking Water Protection Act of 1997 [Senate Bill (SB) 1189, Hayden,
and Assembly Bill (AB) 592, Kuehl] requires DHS to develop atwo-part drinking water standard
for MTBE. Thefirst part is asecondary MCL that addresses aesthetic qualitiesincluding taste
and odor. The second part isaprimary MCL that addresses health concerns, to be established by
July 1, 1999. DHS s proceeding to establish drinking water standards for MTBE and requested
OEHHA to conduct arisk assessment in order to meet the mandated schedule to set this
regulation by July 1999. As mentioned above, DHS (1998) a so adopts a secondary MCL of five
ppb for MTBE to protect the public from exposure to MTBE in drinking water at levels that can
be smelled or tasted, as an amendment to Table 64449-A, Section 64449, Article 16, Chapter 15,
Division 4, Title 22 of the CCR.

The 1997 act (SB 1189) also requires the evaluation of MTBE for possible listing under the Safe
Drinking Water and Toxic Enforcement Act of 1986 (Proposition 65) as a chemical known to the
state to cause cancer or reproductive and developmental toxicity on or before January 1, 1999.
Thisinvolves consideration of the evidence that MTBE causes these effects by the State's
qualified experts for Proposition 65 - the Carcinogen | dentification Committee (CIC) and the
Developmental and Reproductive Toxicant (DART) Identification Committee of OEHHA's
Science Advisory Board (OEHHA 1998a, 1998b). These Committees evaluated MTBE in
December 1998; MTBE was not recommended for listing under the Proposition 65 by either CIC
or DART Committee.

The MTBE Public Health and Environmental Protection Act of 1997 (SB 521, Mountjoy)
appropriates funds to the UC for specified studies of the human health and environmental risks
and benefits of MTBE. The UC Toxic Substances Research and Teaching Program is managing
the following six funded projects: 1) an evaluation of the peer-reviewed research literature on the
effects of MTBE on human health, including asthma, and on the environment by UC Los
Angeles (UCLA), 2) an integrated assessment of sources, fate and transport, ecological risk and
control options for MTBE in surface and ground waters, with particular emphasis on drinking
water supplies by UC Davis, 3) evaluation of costs and effectiveness of treatment technologies
applicable to remove MTBE and other gasoline oxygenates from contaminated water by UC
Santa Barbara (UCSB), 4) drinking water treatment for the removal of MTBE from groundwater
and surface water reservoirsby UCLA, 5) evaluation of automotive MTBE combustion
byproductsin California RFG by UC Berkeley, and 6) risk-based decision making analysis of the
cost and benefits of MTBE and other gasoline oxygenates by UCSB.

Among the SB 521mandated projects, only the first project regarding human health effects
(Froines 1998, Froines et al. 1998) and a part of the second project regarding human exposure to
MTBE from drinking water (Johnson 1998) mentioned above are pertinent to the scope of this
report. Their report has been submitted to the Governor and posted on their web site
(www.tsrtp.ucdavis.edu/mtbept/) on November 12, 1998. In this report, Froines et al. (1998)
concluded that MTBE isan animal carcinogen with the potential to cause cancersin humans.
Also in this report, Johnson (1998) performed arisk analysis of MTBE in drinking water based
on animal carcinogenicity data. The act requires the report be reviewed and two hearings be held
(February 19 and 23, 1999) for the purpose of accepting public testimony on the assessment and
report. The act also requires the Governor to issue awritten certification as to the human health
and environmental risks of using MTBE in gasolinein California.

The American Conference of Governmental Industrial Hygienists (ACGIH) lisssMTBE asan A3
Animal Carcinogen (ACGIH 1996). That is, MTBE is carcinogenic in experimental animals at
relatively high dose(s), by route(s) of administration, at site(s), of histologic type(s), or by
mechanism(s) that are not considered relevant to workplace exposure. ACGIH considers that
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available epidemiological studies do not confirm an increased risk of cancer in exposed humans.
Available evidence suggests that the agent is not likely to cause cancer in humans except under
uncommon or unlikely routes of exposure or levels of exposure.

In August 1996 the U.S. Agency for Toxic Substances and Disease Registry (ATSDR) released
the final report "Toxicological Profile for MTBE" which evaluated the toxic effects of MTBE
including carcinogenicity in detail. The cancer effect levels of MTBE through both inhalation
and oral exposure routes have been developed based on data of carcinogenicity in animals
(ATSDR 1996).

The U.S. National Toxicology Program (NTP) did not find MTBE to be “reasonably anticipated
to be a human carcinogen” in December 1998 (NTP 1998a). The National Institute of
Environmental Health Sciences (NIEHS) Review Committee for the Report on Carcinogens first
recommended (four yes votes to three no votes) that the NTP list MTBE as "reasonably
anticipated to be a human carcinogen™ in the Ninth Report on Carcinogens in January 1998 (NTP
1998b). The NTP Executive Committee Interagency Working Group for the Report on
Carcinogens then voted against a motion to list MTBE (three yes votes to four no votes). Later
in December 1998, the NTP Board of Scientific Counselors Report on Carcinogens
Subcommittee voted against amotion to list MTBE as “reasonably anticipated to be a human
carcinogen...” (five yesvotesto six no votes with one abstention). The conclusions of these
meetings are summarized on the NTP website, however, the supporting documentation on how
these conclusions were reached is still under preparation and not available to us for evaluation
(NTP 1998a). NTP solicited for final public comments through February 15, 1999 on these
actions.

MTBE has been reviewed by the Environmental Epidemiology Section of the North Carolina
Department of Environment, Health, and Natural Resources (NCDEHNR) and it was determined
that there was limited evidence for carcinogenicity in experimental animals and that the
compound should be classified as a Group B2 probable human carcinogen (Rudo 1995). The
North Carolina Scientific Advisory Board on Toxic Air Contaminants (TAC) considered MTBE
to be eligible as a Group C possible human carcinogen (Lucier et al. 1995). New Jersey
(NJDWQI 1994, Post 1994) aso classified MTBE as a possible human carcinogen. The State of
New Y ork Department of Health is drafting afact sheet to propose an ambient water quality
value for MTBE based on animal carcinogenicity data.

The International Agency for Research on Cancer (IARC) of the World Health Organization
(WHO) found “limited”, but not “sufficient” evidence of MTBE carcinogenicity in animals.
IARC has recently classified MTBE as a Group 3 carcinogen (i.e., not classifiable asto
carcinogenicity in humans), based on inadequate evidence in humans and limited evidencein
experimental animals. The conclusions of this October 1998 |ARC Monographs Working Group
Meeting are summarized on the |ARC website, however, the supporting documentation on how
these conclusions were reached is still under preparation to be published asthe IARC
Monographs Volume 73 (IARC 19984).

The International Programme on Chemical Safety (IPCS) of WHO has issued the second draft
Environmental Health Criteria on MTBE (I1PCS 1997) which was scheduled to be finalized in
December 1998. |IPCS stated that carcinogenic findingsin animal bioassays seem to warrant
some concern of potential carcinogenic risk to humans, but the document does not contain arisk
characterization. However, the final document is not available as of February 1999.

European Centre for Ecotoxicology and Toxicology of Chemicals (ECETOC) prepared a
technical report (ECETOC 1997) on MTBE health risk characterization mainly on occupational
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inhalation exposure. ECETOC concluded that MTBE has some potential to increase the
occurrence of certain tumors in female mice or male rats after chronic high-dose inhalation
exposure.

In February 1996 the Office of Science and Technology Policy (OSTP) through the Committee
on Environment and Natural Resources (CENR) of the White House National Science and
Technology Council (NSTC) released a draft report titled "Interagency Assessment of Potential
Health Risks Associated with Oxygenated Gasoline” (NSTC 1996). This report focused
primarily on inhalation exposure to MTBE and its principal metabolite, TBA. In March 1996
NSTC released the draft document "Interagency Oxygenated Fuels Assessment” which addressed
issues related to public health, air and water quality, fuel economy, and engine performance
associated with MTBE in gasoline relative to conventional gasoline. This document was peer
reviewed by the National Academy of Sciences (NAS) under guidance from the National
Research Council (NRC) which then published its findings and recommendations in the
document "Toxicological and Performance Aspects of Oxygenated Motor Vehicle Fuels' (NRC
1996). Thelimited review on the potential health effects of MTBE in the NRC report (1996)
considered the animal carcinogenicity evidence to be positive. The NRC findings were used to
revise the NSTC document and the final report was released in June of 1997. The NSTC (1997)
concluded: “thereis sufficient evidence that MTBE is an animal carcinogen”. NSTC (1997) also
concluded: "... the weight of evidence supports regarding MTBE as having a carcinogenic hazard
potential for humans.”

In April 1996 the Health Effects Institute (HEI) released "The Potential Health Effects of
Oxygenates Added to Gasoline, A Special Report of the Institute's Oxygenates Evaluation
Committee" (HEI 1996). HEI (1996) concluded: “the possihility that ambient levels may pose
somerisk of carcinogenic effects in human popul ations cannot be excluded”. HEI in summary of
studies of long-term health effects of MTBE concluded: “Evidence from animal bioassays
demonstrates that long-term, high-level exposuresto MTBE by either the oral or inhalation
routes of exposure cause cancer in rodents.”

The U.S. EPA has not established primary or secondary MCLs or a Maximum Contaminant
Level Goa (MCLG) for MTBE but included MTBE on the Drinking Water Contaminant
Candidate List (CCL) published in the Federal Register on March 2, 1998 (U.S. EPA 1998c,
1997b, 1997d). An advisory released in December 1997 recommended that M TBE concentration
in the range of 20 to 40 ppb or below would assure both consumer acceptance of the water and a
large margin of safety from any toxic effects (U.S. EPA 19973, Du et al. 1998).

On November 30, 1998, the U.S. EPA (1998a) announced the creation of a blue-ribbon panel to
review the important issues posed by the use of MTBE and other oxygenates in gasoline so that
public health concerns could be better understood. The Panel on Oxygenate Use in Gasoline
under the Clean Air Act Advisory Committee (CAAC), including 12 members and eight federal
representatives serving as consultants to the Panel, is to make recommendations to the U.S. EPA
on how to ensure public health protection and continued improvement in both air and water
quality after a six-month study.

Inits 1997 advisory, U.S. EPA agreed with the 1997 NSTC conclusions and concluded:
“Although MtBE is not mutagenic, a nonlinear mode of action has not been established for
MtBE. In the absence of sufficient mode of action information at the present time, it is prudent
for EPA to assume alinear dose-response for MtBE. Although there are no studies on the
carcinogenicity of MtBE in humans, there are multiple animal studies (by inhalation and gavage
routes in two rodent species) showing carcinogenic activity and there is supporting animal
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carcinogenicity datafor the metabolites. The weight of evidence indicates that MtBE isan
animal carcinogen, and the chemical poses a carcinogenic potential to humans (NSTC, 1997,
page 4-26).” The U.S. EPA (19944, 1994c) proposed in 1994 to classify MTBE asa Group C
possible human carcinogen based upon animal inhalation studies (published in 1992). At that
time, U.S. EPA noted that a Group B2 probable human carcinogen designation may be
appropriate if oral MTBE exposure studies in animals (published later in 1995) result in
treatment-related tumors.

In 1987, MTBE was identified by the U.S. EPA (1987a) under Section Four of the Toxic
Substances Control Act (TSCA) for priority testing because of its large production volume,
potential widespread exposure, and limited data on long-term health effects (Duffy et al. 1992).
The results of the testing have been published in a peer-reviewed journal (Bevan et al. 19973,
1997b, Bird et al. 1997, Daughtrey et al. 1997, Lington et al. 1997, McKee et al. 1997, Miller et
al. 1997, Stern and Kneiss 1997).

California Environmental Protection Agency (Cal/EPA) has reported some background
information and ongoing activitieson MTBE in Californias "cleaner-burning fuel program” in a
briefing paper (Cal/EPA 1998). U.S. EPA (1996d, 1996€) published fact sheetson MTBE in
water in addition to several advisory documents. While concerns have been raised about its
potential health impacts, based on hazard evaluation of the available data, MTBE is substantially
less hazardous than benzene (a Group A human carcinogen) and 1,3-butadiene (a Group B2
probable human carcinogen), two carcinogenic chemicalsit displacesin Californias new
gasoline formulations (Spitzer 1997). Potential health benefits from ambient O; reduction
related to the use of MTBE in RFG were evaluated (Erdal et al. 1997). Whether the addition of
MTBE in gasoline represents a net increase in cancer hazard is beyond the scope of this
document.

In this document, the available data on the toxicity of MTBE primarily by the oral route based on
the reports mentioned above are evaluated, and information available since the previous
assessment by NSTC (1997) and U.S. EPA (1997a) isincluded. Asindicated by the summaries
provided above, there has been considerable scientific discussion regarding the carcinogenicity
of MTBE and the relevance of the animal cancer study results to humans. Also indicated above,
especially by some of the reported votes of convened committees, there is a considerable
disagreement regarding the quality and relevance of the animal data among scientists. However,
some of the disagreement stems from the differencesin the level of evidence considered
adequate for different degrees of confidence by the scientists considering the evidence. Thereis
agreater level of evidence required to conclude that the data clearly show that humans are at
cancer risk from exposure than to conclude that there may be some cancer risk or that it is
prudent to assume there is a cancer risk to humans. In order to establish aPHG in drinking
water, a nonregulatory guideline based solely on public health considerations, the prudent
assumption of potential cancer risk was made. To determine a public health-protective level of
MTBE in drinking water, relevant studies were identified, reviewed and evaluated, and sensitive
groups and exposure scenarios are considered.
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CHEMICAL PROFILE

Chemical Identity

MTBE [(CH3)sC(OCHjs), CAS Registry Number 1634-04-4] is a synthetic chemical without
known natural sources. The chemical structure, synonyms, and identification numbers are listed
in Table 1 and are adapted from the Merck Index (1989), Hazardous Substances Data Bank
(HSDB) of the National Library of Medicine (1997), Integrated Risk Information Systems (IRIS)
of U.S. EPA (1997c), TOMES PLUSA (Hall and Rumack 1998) computerized database, and the
ATSDR (1996), Cal/EPA (1998), ECETOC (1997), HEI (1996), NRC (1996), NSTC (1996,
1997), and U.S. EPA (1997a) documents.

TOMES (Toxicology and Occupational Medicine System) PLUSA is acomputerized database
which includes the data systems of Hazard Managementé , Medical Managementa ,
INFOTEXTa , HAZARDTEXTéa , MEDITEXTa , REPROTEXTa , SERATEXTa , HSDB,
IRIS, Registry of Toxic Effects of Chemical Substances (RTECSA ) of National Institute for
Occupational Safety and Health (NIOSH), Chemical Hazard Response Information System
(CHRIS) of U.S. Coast Guard, Oil and Hazardous Material§/Technical Assistance Data System
(OHM/TADS) of U.S. EPA, Department of Transportation (DOT) Emergency Response Guide,
New Jersey Hazardous Substance Fact Sheets (NJHSFS), North American Emergency Response
Guidebook Documents (NAERG) of U.S. DOT, Transport Canada and the Secretariat of
Communications and Transportation of Mexico, REPROTOX& System of the Georgetown
University, Shepard's Catalog of Teratogenic Agents of the Johns Hopkins University, Teratogen
Information System (TERIS) of the University of Washington, and NIOSH Pocket Guide™.

For MTBE, TOMES PLUSA (Hall and Rumack 1998) contains entriesin HAZARDTEXTa ,
MEDITEXTa , REPROTEXTa , REPROTOX4 , HSDB, IRIS, RTECSa , NAERG and NJHSFS.

Physical and Chemical Properties

Important physical and chemical properties of MTBE are given in Table 2 and are adapted from
Merck Index (1989), HSDB (1997), TOMES PLUSA (Hall and Rumack 1998), and the ATSDR
(1996), Cal/EPA (1998), HEI (1996), NRC (1996), NSTC (1996, 1997), and U.S. EPA (1997a)
documents.

MTBE, an aliphatic ether, is avolatile organic compound (VOC) with acharacteristic odor. Itis
acolorlessliquid at room temperature. It ishighly flammable and combustible when exposed to
heat or flame or spark, and isamoderate firerisk. Vapors may form explosive mixtures with air.
It isunstablein acid solutions. Fire may produce irritating, corrosive or toxic gases. Runoff
from fire control may contain MTBE and its combustion products (HSDB 1997).

MTBE is miscible in gasoline and soluble in water, alcohol, and other ethers. It has a molecular
weight of 88.15 daltons, a vapor pressure of about 245 mmHg at 25 °C, an octane number of 110,
and solubility in water of about 50 g/L at 25 °C. It disperses evenly in gasoline and water and
stays suspended without requiring physical mixing. It does not increase volatility of other
gasoline components when it is mixed in the gasoline. MTBE released to the environment via
surface spills or subsurface leaks was found to initially partition between water and air (Jeffrey
1997). Thelog of the octanol-water partition coefficient (log K,y) is reported to range from 0.94
to 1.24 which indicates that there is 10 times more partitioning of MTBE in the lipophilic phase
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than in the aqueous phase of solvents. The molecular size and log K, of MTBE are
characteristic of molecules which are able to penetrate across biological membranes of the skin,
lungs and gastrointestinal tracts (Mackay et al. 1993, Nihlen et a. 1995). The octanol-water
partition coefficient is reported to be 16 by Nihlen et a. (1997). Fujiwaraet al. (1984) reported
laboratory-derived octanol-water partition coefficients ranging from 17.2 to 17.5 with alog Koy
of 1.2. Theblood-air, urine-air, saline-air, fat-air and oil-air partition coefficients (lambda) are
reported to be 20, 15.6, 15.3, 142 and 138, respectively (Imbriani et a. 1997). One part per
million (ppm) of MTBE, volume to volume in air, is approximately 3.6 mg/m® of air at 20 °C
(ATSDR 1996).

Organoleptic Properties

Taste or odor characteristics, often referred to as organoleptic properties, are not used by U.S.
EPA or DHS for developing primary drinking water standards, but are used for developing
secondary standards. The estimated thresholds for these properties of MTBE reported in the
literature are given in Table 3 and are adapted from the ATSDR (1996), Cal/EPA (1998), HEI
(1996), HSDB (1997), NSTC (1996, 1997), and U.S. EPA (1997a) documents. Taste and odor
may aert consumers to the fact that the water is contaminated with MTBE (Angle 1991) and
many people object to the taste and odor of MTBE in drinking water (Killian 1998, Reynolds
1998). However, not all individuals respond equally to taste and odor because of differencesin
individual sensitivity. It isnot possible to identify point threshold values for the taste and odor
of MTBE in drinking water, as the concentration will vary for different individuals, for the same
individuals at different times, for different populations, and for different water matrices,
temperatures, and many other variables.

The odor threshold ranges from about 0.32 to 0.47 mg/m? (about 90 to 130 ppb) in air and can be
as low as five ppb (about 0.02 mg/m®) for some sensitive people. In gasoline containing 97%
pure MTBE at mixture concentrations of three percent, 11% and 15% M TBE, the threshold for
detecting MTBE odor in air was estimated to be 50 ppb (about 0.18 mg/m?), 280 ppb (about one
mg/m°), and 260 ppb (about 0.9 mg/m°), respectively (ACGIH 1996). A range of five ppb to 53
ppb (about 0.19 mg/m?) odor threshold in the air was reported in an American Petroleum Institute
(API) document (API 1994).

The individual taste and odor responses reported for MTBE in water are on average in the 15 to
180 ppb (/L) range for odor and the 24 to 135 ppb range for taste (APl 1994, Prah et al. 1994,
Young et al. 1996, Dale et al. 1997b, Shen et al. 1997, NSTC 1997). The ranges are indicative of
the average variability in individual response. U.S. EPA (1997a) has analyzed these studiesin
detail and recommended a range of 20 to 40 ppb as an approximate threshold for organoleptic
responses. The study (Dale et al. 1997b) by the Metropolitan Water District of Southern
Cdifornia (MWDSC) found people more sensitive to the taste than odor. Thisresult is
consistent with API's (1994) findings for MTBE taste and odor thresholds. But in the study by
Young et a. (1996), test subjects were more sensitive to odor than taste. The subjects described
the taste of MTBE in water as "nasty", "bitter", "nauseating”, and "similar to rubbing alcohol"
(API 1994).

It is noted that chlorination and temperature of the water would likely affect the taste and odor of
MTBE inwater. Thresholds for the taste and odor of MTBE in chlorinated water would be
higher than thresholds of MTBE in nonchlorinated water. Thresholds for the taste and odor of
MTBE in water at higher temperatures (e.g., for showering) would likely be lower than those of
MTBE in water at lower temperatures.
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There were undoubtedly individuals who could only detect the odor of MTBE at even higher
concentrations than 180 ppb (Prah et al. 1994). Odor thresholds as high as 680 ppb have been
reported (Gilbert and Calabrese 1992). On the other hand, some subjects in these studies were
able to detect the odor of MTBE in water at much lower concentrations, i.e. 2.5 ppb (Shen et al.
1997), five ppb (McKinnon and Dyksen 1984), or 15 ppb (Young et a. 1996). Some sensitive
subjects in the taste studies were able to detect MTBE in water at concentrations as low as two
ppb (Dale et al. 1997b), 10 ppb (Barker et al. 1990), 21 ppb (Dale et al. 1997b), or 39 ppb
(Young et al. 1996). Thus, in agenera population, some unknown percentage of people will be
likely to detect the taste and odor of MTBE in drinking water at concentrations below the U.S.
EPA (1997a) 20 to 40 ppb advisory level. DHS (1997) has recently proposed five ppb as the
secondary MCL for MTBE. The lowest olfaction threshold in water islikely to be at or about
2.5 ppb (Shen et al. 1997). The lowest taste threshold in water is likely to be at or about two ppb
(Daeet a. 1997b).
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Table 1. Chemical Identity of Methyl Tertiary Butyl Ether (MTBE)

Characteristic Information Reference
Chemical Name Methyl tertiary butyl ether Merck 1989
Synonyms Methyl tertiary-butyl ether; Merck 1989

methyl tert-butyl ether; tert-butyl methyl ether;
tertiary-butyl methyl ether;
methyl-1,1-dimethylethyl ether;
2-methoxy-2-methylpropane;
2-methyl-2-methoxypropane;
methyl t-butyl ether; MtBE; MTBE

Registered trade names No data
Chemical formula CsH 1,0 or (CH3):C(OCH,) Merck 1989
Chemical structure
CH;
Ya
CH; % C % O % CHs;
Ya
CH;
| dentification numbers:
Chemical Abstracts Service (CAS)
Registry number 1634-04-4 Merck 1989
National Institute for Occupational
Safety and Health (NIOSH) Registry
of Toxic Effects of Chemical
Substances (RTECS) number KN5250000 HSDB 1997
Department of Transportation/United
Nations/North America/l nternational
Maritime Dangerous Goods Code
(DOT/UN/NA/IMCQ) Shipping number UN 2398, IMO 3.2 HSDB 1997
Hazardous Substances Data Bank
(HSDB) number 5847 HSDB 1997
North American Emergency Response
Guidebook Documents (NAERG)
number 127 HSDB 1997
National Cancer Institute (NCI) number No data
U.S. Environmental Protection Agency
(U.S. EPA) Hazardous Waste number No data
U.S. EPA Oil and Hazardous Materials/
Technical Assistance Data System
(OHM/TADS) number No data
European EINECS number 216.653.1 ECETOC 1997
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Table 2. Chemical and Physical Properties of MTBE

Property Value or information Reference
Molecular weight 88.15 g/mole Merck 1989
Color colorless Merck 1989
Physical state liquid Merck 1989
Melting point -109 °C HSDB 1997
Boiling point 53.6-55.2°C Mackay et a. 1993
Density at 20 °C 0.7404 - 0.7578 g/mL Squillace et a. 1997a
Solubility
in water 4.8 g/100 g water Merck 1989
in water 23.2-54.4 g/L water Garrett et al. 1986,
Mackay et a. 1993
in water 43 - 54.3 g/L water Squillace et a. 1997a
in water, 20 °C 4 - 5% Gilbert and Caabrese 1992
inwater, 25 °C 51 g/L water HSDB 1997
Partition coefficients
octanol-water 16 Nihlen et al. 1997
17.2-175 Fujiwaraet al. 1984
Log Kow 0.94-116 Mackay et al. 1993
12 Fujiwaraet al. 1984
124 U.S. EPA 1997a
Log Ko 1.05 (estimated) Squillace et al. 1997a
2.89 (calculated) U.S. EPA 1995b
Vapor pressure
a25°C 245 - 251 mm Hg Mackay et al. 1993
at 100 °F 7.8 psi (Reid Vapor Pressure) ARCO 1995a
Henry's law constant 0.00058 - 0.003 atm-m*/mole  Mackay et al. 1993
a 25°C 5.87° 10" atm-m¥mole ATSDR 1996
a 15°C 0.011 (dimensionless) Rabbins et al. 1993
Ignition temperature 224°C Merck 1989
Flash point -28°C Merck 1989
28 °C (closed cup) Gilbert and Calabrese 1992

Explosion limits

1.65t08.4% in ar

Gilbert and Caabrese 1992

Heat of combustion 101,000 Btu/gal at 25 °C HSDB 1997
Heat of vaporization 145 Btu/lb at 55 °C HSDB 1997
Stability MTBE isunstable Merck 1989
in acidic solution
Conversion factors
ppm (v/v) tomg/m®* 1 ppm = 3.61 mg/m® ACGIH 1996
inair at 25 °C
mg/m® to ppm (v/v) 1 mg/m® = 0.28 ppm ACGIH 1996
inair at 25 °C
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Table 3. Organoleptic Properties of MTBE

Property Value or information Reference
Odor terpene-like at 25 °C Gilbert and Calabrese 1992
Threshold in air 300 ppb Smith and Duffy 1995
0.32- 0.47 mg/m® ACGIH 1996
(~90 - 130 ppb)
5 - 53 ppb (detection) APl 1994
99% pure MTBE 8 ppb (recognition) APl 1994
97% pure MTBE 125 ppb (recognition) APl 1994
97% pure MTBE in gasoline
15% MTBE 260 ppb ACGIH 1996
11% MTBE 280 ppb ACGIH 1996
3% MTBE 50 ppb ACGIH 1996
Threshold in water 680 ppb Gilbert and Calabrese 1992
180 ppb Prah et a. 1994
95 ppb ARCO 1995a
55 ppb (recognition) APl 1994
45 ppb (detection) APl 1994
15- 95 ppb (mean 34 ppb)  Young et al. 1996
15 - 180 ppb U.S. EPA 1997a
13.5-45.4 ppb Shen et al. 1997
5-15ppb McKinnon and Dyksen 1984
2.5 ppb Shen et al. 1997
Taste solvent-like at 25 °C U.S. EPA 1997a
Threshold in water 21 - 190 ppb Daleet a. 1997b
24 - 135 ppb U.S. EPA 1997a
39 - 134 ppb (mean 48 ppb)  Young et al. 1996
39 - 134 ppb API 1994
10 - 100 ppb Barker et a. 1990
2 ppb (one subject) Daleet a. 1997b
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Production and Uses

MTBE is manufactured from isobutene; also known as isobutylene or 2-methylpropene (Merck
1989), which is aproduct of petroleum refining. It is made mainly by combining methanol with
isobutene, or derived from combining methanol and TBA. It isused primarily as an oxygenatein
unleaded gasoline, in the manufacture of isobutene, and as a chromatographic eluent especially
in high pressure liquid chromatography (ATSDR 1996, HSDB 1997). MTBE also hashad a
limited use as a therapeutic drug for dissolving cholesterol gallbladder stones (Leuschner et al.
1994).

MTBE isthe primary oxygenate used in gasoline because it is the least expensive and in greatest
supply. It ispromoted as a gasoline blending component due to its high octane rating, low cost
of production, ability to readily mix with other gasoline components, ease in distribution through
existing pipelines, distillation temperature depression, and beneficia dilution effect on
undesirable components of aromatics, sulfur, olefin and benzene. In addition, the relatively low
co-solvent volatility of MTBE does not result in amore volatile gasoline that could be hazardous
in terms of flammability and explosivity. The use of MTBE has helped offset the octane
specification loss due to the discontinued use of higher toxicity high octane aromatics and has
reduced emissions of benzene, a known human carcinogen, and 1,3-butadiene, an animal
carcinogen (Cal/EPA 1998, Spitzer 1997).

MTBE has been commercially used in Europe since 1973 as an octane enhancer to replace lead
in gasoline and was approved as a blending component in 1979 by U.S. EPA. Sincethe early
1990s, it has been used in reformulated fuel in 18 statesin the U.S. Under Section 211 of the
1990 CAAA, the federal oxyfuel program began requiring gasoline to contain 2.7% oxygen by
weight which is equivalent to roughly 15% by volume of MTBE be used during the four winter
months in regions not meeting CO reduction standards in November 1992. In January 1995, the
federa RFG containing two percent oxygen by weight or roughly 11% of MTBE by volume was
required year-round to reduce O; levels. Oxygenates are added to more than 30% of the gasoline
used in the U.S. and this proportion is expected to rise (Squillace et al. 1997a).

In California, federal law required the use of Phase | RFG in the worst polluted areas including
Los Angeles and San Diego as of January 1, 1995, and in the entire state as of January 1, 1996.
By June 1, 1996, state law required that all gasoline sold be California Phase 2 RFG and federal
Phase II RFG will be required by the year 2000 (Cornitius 1996). MTBE promotes more
complete burning of gasoline, thereby reducing CO and Os levelsin localities which do not meet
the National Ambient Air Quality Standards (ATSDR 1996, USGS 1996). Almost all of the
MTBE produced is used as a gasoline additive; small amounts are used by laboratory scientists
(ATSDR 1996). When used as a gasoline additive, MTBE may constitute up to 15% volumeto
volume of the gasoline mixture. Currently, MTBE is added to virtually all of the gasoline
consumed in California (Cal/EPA 1998).

The amount of MTBE used in the U.S. hasincreased from about 0.5 million gallons per day in
1980 to over 10 million gallons per day in early 1997. Of the total amount of MTBE used in the
U.S,, approximately 70% are produced domestically, about 29% are imported from other
countries, and about one percent is existing stocks. Over 4.1 billion gallons of MTBE are
consumed in the U.S. annually, including 1.49 billion gallons -- more than 36% of the national
figure -- in Cdifornia (Wiley 1998). California uses about 4.2 million gallons per day of MTBE,
about 85% of which isimported into the state, primarily by ocean tankers from the Middle East
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(Cal/EPA 1998). Californiaalso imports MTBE from Texas and other major MTBE-producing
statesin the U.S.

MTBE production in the U.S. began in 1979 and increased rapidly after 1983. It was the second
most-produced chemical, in terms of amount, in the U.S. in 1997, whereas previoudy it was
ranked the twelfth in 1995 and eighteenth in 1994 (Cal/EPA 1998, Kirschner 1996, Reisch
1994). The production was 13.61 million pounds in 1994 and 17.62 million pounds in 1995
(Kirschner 1996). MTBE production was estimated at about 2.9 billion gallonsin the U.S. and
about 181 million gallonsin Californiain 1997 (Wiley 1998). MTBE is manufactured at more
than 40 facilities by about 27 producers primarily concentrated along the Houston Ship Channel
in Texas and the Louisiana Gulf Coast. Texas supplies about 80% of the MTBE produced in the
U.S. with about 10% produced in Louisiana and about five percent in California (Cal/EPA 1998).
The major portion of MTBE produced utilizes, as a co-reactant, isobutylene that is a waste
product of the refining process (Wiley 1998).

ENVIRONMENTAL OCCURRENCE AND HUMAN EXPOSURE

The NSTC (1997) report provides extensive occurrence data for MTBE and other fuel
oxygenates, as well as information on applicable treatment technologies. Similar information,
specifically based on datain California, can be found in the recent UC (1998) report mandated
under SB 521. For additional information concerning MTBE in the environment, the NSTC
report can be accessed through the NSTC Home Page viaalink from the OSTP. The U.S.
Geological Survey (USGS) has been compiling data sets for national assessment of MTBE and
other VOCsin ground and surface water as part of the National Water-Quality Assessment
(NAWQA) Program (Buxton et al. 1997, Lapham et al. 1997, Squillace et al. 1997a, 1997b,
Zogorski et a. 1996, 1997). Information on analytical methods for determining MTBE in
environmental mediais compiled in the ATSDR (1996) Toxicological Profile document.

The U.S. EPA (1993, 19953) estimated that about 1.7 million kilograms (kgs) MTBE were
released from 141 facilities reporting in the Toxics Release Inventory (TRI) per year, 97.3% to
air, 2.44% to surface water, 0.25% to underground injection, and 0.01% to land. Cohen (1998)
reported that an estimated 27,000 kgs or 30 tons per day were emitted from 9,000 tons of MTBE
consumed in California per day. The California Air Resources Board (ARB) estimated that the
exhaust and evaporative emission was about 39,000 kgs or 43 tons per day in Californiain 1996
(Cal/EPA 1998).

A multimedia assessment of refinery emissionsin the Y orktown region (Cohen et al. 1991)
indicated that the MTBE mass distribution was over 73% in water, about 25% in air, less than
two percent in soil, about 0.02% in sediment, about 10°°% in suspended solids, and 10'% in
biota. A recent laboratory study on liquid-gas partitioning (Rousch and Sommerfeld 1998)
suggests that dissolved MTBE concentrations can vary substantially from nominal. The main
route of exposure for occupational and non-occupational groupsisviainhalation, ingestionis
considered as secondary, and dermal contact is also possible.

The persistence half-life of MTBE (Jeffrey 1997) is about four weeks to six months in soil, about
four weeksto six months in surface water, and about eight weeksto 12 months in groundwater
based on estimated anaerobic biodegradation, and about 20.7 hoursto 11 days in air based on
measured photooxidation rate constants (Howard et al. 1991, Howard 1993). Church et al.
(1997) described an analytical method for detecting MTBE and other major oxygenates and their
degradation products in water at sub-ppb concentrations. MTBE appears to be biodegraded
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under anaerobic conditions (Borden et al. 1997, Daniel 1995, Jensen and Arvin 1990, Mormile et
al. 1994, Steffan et al. 1997). Brown et al. (1997) and Davidson and Parsons (1996) reviewed
state-of-the-art remediation technologies for treatment of MTBE in water. McKinnon and
Dyksen (1984) described the removal of MTBE from groundwater through aeration plus
granulated activated charcoal (GAC). Koenigsberg (1997) described a newly developed

bi oremediation technology for MTBE cleanup in groundwater. Cullen (1998) reported a one-
year field test of a polymer-enhanced carbon technology for MTBE removal at the drinking water
supply source.

Air, Soil, Food, and Other Sources

The presence of MTBE in ambient air is documented and likely to be the principal source of
human exposure. MTBE is released into the atmosphere during the manufacture and distribution
of oxyfudl and RFG, in the vehicle refueling process, and from evaporative and tail pipe
emissions from motor vehicles. The genera public can be exposed to MTBE through inhalation
while fueling motor vehicles or igniting fuel under cold start-up conditions (Lindstrom and Pleil
1996). Thelevd of inhaled MTBE at the range relevant to human exposures appears to be
directly proportional to the MTBE concentrationsin air (Bio/dynamics, Inc. 1981, 1984c, Nihlen
et a. 1994). Inair, MTBE may represent five to 10% of the VOCs that are emitted from
gasoline-burning vehicles, particularly in areas where MTBE is added to fuels as part of an
oxygenated fuel program (ARCO 1995a). MTBE has an atmospheric lifetime of approximately
four days and its primary byproducts are tert-butyl formate (TBF), formaldehyde (HCHO), acetic
acid, acetone, and TBA.

MTBE was found in urban air in the U.S. (Zogorski et a. 1996, 1997) and the median
concentrations ranged from 0.13 to 4.6 parts per billion by volume (ppbv). Fairbanks, Alaska
reported concentrations ranging from two to six ppbv when the gasoline contained 15% MTBE
(CDC 1993a). Grosjean et a. (1998) reported ambient concentrations of ethanol and MTBE at a
downtown location in Porto Alegre, Brazil where about 74% of about 600,000 vehicles use
gasoline with 15% MTBE, from March 20, 1996 to April 16, 1997. Ambient concentrations of
MTBE ranged from 0.2 to 17.1 ppbv with an average of 6.6 + 4.3 ppbv. Thisarticle also cited
unpublished data including Cape Cod (four samples, July to August 1995): 39 to 201 parts per
trillion by volume (pptv or /1,000 ppbv), Shenandoah Nationa Park (14 samples, July to August
1995): less or equal to (£) seven pptv, Brookhaven (16 samples, July to August 1995): 33 to 416
pptv, Wisconsin (62 samples, August 1994 to December 1996, with all but five samplesyielding
no detectable MTBE with a detection limit of 12 pptv): £ 177 pptv, and downtown Los Angeles,
Cdlifornia (one sample, collected in 1993 prior to the introduction of California RFG with
MTBE): 0.8 ppbv.

Ambient levelsof MTBE in Californiaare similar or dlightly higher than the limited data suggest
for other states. The results of two recent (from 1995 to 1996) monitoring surveys (Poore et al.
1997, Zielinska et al. 1997) indicate that ambient levels of MTBE averaged 0.6 to 7.2 ppbv with
sampling for three hours at four southern Californialocations, and 1.3 to 4.8 ppbv with sampling
for 24 hours at seven Cadlifornialocations. The Bay Area Air Quality Management District
(BAAQMD) has an 18-station network and has been monitoring for MTBE since 1995. The
average concentration of MTBE in the San Francisco Bay areais approximately one ppbv
(Cal/EPA 1998).

The ARB established a 20-station TAC air-monitoring network in 1985, and began analyzing
ambient air for MTBE in 1996 (ARB 1996). Preliminary data suggest a statewide average of
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approximately two ppbv with higher concentrations in the South Coast of about four ppbv. The
limit of detection is 0.2 ppbv. The Desert Research Institute, under contract to ARB as a part of
the 1997 Southern California Ozone Study (Fujita et al. 1997), monitored for MTBE in July
through September of 1995 and 1996 in Southern California, at the Asuza, Burbank, and North
Main monitoring sites. The monitoring was designed to determine peak morning rush hour
concentrations (six to nine am.) and was part of a comprehensive study to analyze reactive
organicsin the South Coast Air Basin. The results showed a mean of approximately four ppbv
with arange of oneto 11 ppbv. These concentrations are similar to the ARB findings. Although
ARB sampled for 24 hours, the highest concentrations are seen in the morning rush hour traffic
because MTBE is atailpipe pollutant.

Industrial hygiene monitoring datafor aMTBE operating unit shows an average eight-hour
exposure of 1.42 ppm. Average exposure for dockworkers was determined to be 1.23 ppm.
Occupational exposure to gasoline containing two to eight percent MTBE is estimated at one to
1.4 ppm per day (ARCO 19953, 1995b). In aNew Jersey study, MTBE concentrations as high as
2.6 ppm were reported in the breathing zone of individuals using self-service gasoline stations
without vapor recovery equipment, and the average M TBE exposure among service station
attendants was estimated to be below one ppm when at least 12% MTBE was used in fuels
(Hartle 1993). The highest Canadian predicted airborne concentration of 75 ng/m®is3.9 " 10’
times lower than the lowest reported effect level of 2,915 mg/m?® in a subchronic inhalation study
in rats (Environmental Canada 1992, 1993, Long et al. 1994).

In aFinnish study based on inhalation exposure (Hakkola and Saarinen 1996), oil company road
tanker drivers were exposed to MTBE during loading and delivery at concentrations between 13
and 91 mg/m® (about 3.6 to 25 ppm) and the authors suggested some improvement techniques to
reduce the occupational exposure. A recent Finnish study, Saarinen et al. (1998) investigated the
exposure and uptake of 11 driversto gasoline vapors during road-tanker loading and unloading.
On average the drivers were exposed to vapors for 21 + 14 minutes, three times during awork
shift. The mean concentration of MTBE was 8.1 + 8.4 mg/m? (about 2.3 ppm). Vainiotalo et al.
(1999) studied customer breathing zone exposure during refueling for four days in summer 1996
at two Finnish self-service gasoline station with “stage 1” vapor recovery systems. The MTBE
concentration ranged from less than 0.02 to 51 mg/m®. The geometric mean concentration of
MTBE in individual sampleswas 3.9 mg/m® at station A and 2.2 mg/m?® at station B. The
average refueling (sampling) time was 63 seconds at station A and 74 seconds at station B.
Mean MTBE concentration in ambient air (a stationary point in the middle of the pump island)
was 0.16 mg/m® for station A and 0.07 mg/m? for station B.

Exposure to CO, MTBE, and benzene levelsinside vehicles traveling in an urban areain Korea
was reported (Jo and Park 1998). The in-vehicle concentrations of MTBE were significantly
higher (p < 0.0001), on the average 3.5 times higher, in the car with a carbureted engine than in
the other three electronic fuel-injected cars. The author considered the in-auto MTBE levels,
48.5 ng/m® (about 13 ppb) as amedian, as two to three times higher than the measurementsin
New Jersey and Connecticut. Goldsmith (1998) reported that vapor recovery systems could
reduce risks from MTBE.

Unlike most gasoline components that are lipophilic, the small, water-soluble MTBE molecule
has low affinity for soil particles and moves quickly to reach groundwater. In estuaries, MTBE
is not expected to stay in sediment soil but can accumulate at |east on a seasonal basisin
sediment interstitial water (ATSDR 1996). There are no reliable dataon MTBE levelsin food,
but food is not suspected as a significant source of exposureto MTBE. Thereislittle
information on the presence of MTBE in plants or food chains. The bioconcentration potential
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for MTBE in fish israted as insignificant based on the studies with Japanese carp by Fujiwara et
al. (1984) generating bioconcentration factors for MTBE ranging from 0.8 to 1.5. Limited data
suggest that MTBE will not bioaccumulate in fish or food chains (ATSDR 1996). Based on
fugacity modeling and limited information on concentrationsin shellfish, it is estimated that the
average daily intake of MTBE for the age group of the Canadian population most exposed on a
body weight basis, i.e., five to 11-year-olds, is 0.67 ng/kg/day (Environmental Canada 1992,
1993, Long et al. 1994).

Water

MTBE, being a water-soluble molecule, binds poorly to soils and readily enters surface and
underground water. MTBE appearsto be resistant to chemical and microbial degradation in
water (ATSDR 1996). When it does degrade, the primary product is TBA. Two processes,
degradation and volatilization, appear to reduce the concentrations of MTBE in water (Baehr et
al. 1997, Borden et al. 1997, Schirmer and Baker 1998). The level of ingested MTBE from
drinking water at the range relevant to human exposures appears to be directly proportional to the
MTBE concentrations in water (Bio/dynamics, Inc. 1981, 1984c, Nihlen et a. 1994). The
concentrations of MTBE in Canadian surface water predicted under a worst-case scenario is six
ppt (or six ng/L), whichis 1.12 " 10° times lower than the 96-hour L Cs, for fathead minnow of
672 ppm (or 672 mg/L) (Environmental Canada 1992, 1993). The transport, behavior and fate of
MTBE in streams have been summarized by the USGS NAWQA Program (Rathbun 1998).

MTBE can be awater contaminant around major production sites, pipelines, large tank batteries,
transfer terminals, and active or abandoned waste disposal sites. It tends to be the most
frequently detected VOC in shallow groundwater (Bruce and McMahon 1996). The primary
release of MTBE into groundwater is from leaking USTs. Gasoline leaks, spills or exhaust, and
recharge from stormwater runoff contribute to MTBE in groundwater. In small quantities,
MTBE in air dissolves in water such as deposition in rain (Pankow et al. 1997). Recreational
gasoline-powered boating and personal watercraft is thought to be the primary source of MTBE
in surface water. MTBE has been detected in public drinking water systems based on limited
monitoring data (Zogorski et al. 1997). Surveillance of public drinking water systemsin Maine,
begun in February 1997, has detected MTBE at levels ranging from one to 16 ppb in seven
percent of 570 tested systems with a median concentration of three ppb (IPCS 1997, Smith and
Kemp 1998). Sampling program conducted during summer of 1998 found trace levels of MTBE
in 15% of Maine's drinking water supplies. Concentrations above 38 ppb were found in one
percent of the wells (Renner 1999).

MTBE is detected in groundwater following areformulated fuel spill (Garrett et al. 1986, Shaffer
and Uchrin 1997). MTBE in water can be volatilized to air, especially at higher temperature or if
the water is subjected to turbulence. However, it isless easily removed from groundwater than
other VOCs such as benzene, toluene, ethylbenzene, and xylenes (BTEX) that are commonly
associated with gasoline spills. MTBE and BTEX are the most water-soluble fractionsin
gasoline and therefore the most mobile in an aquifer system. Based on equilibrium fugacity
models and especially during warm seasons, the high vapor pressure of MTBE leadsto
partitioning to air and half-livesin moving water are estimated around 4.1 hours (Davidson 1995,
Hubbard et al. 1994). In shallow urban groundwater, MTBE was not found with BTEX.
Landmeyer et al. (1998) presented the areal and vertical distribution of MTBE relative to the
most soluble gasoline hydrocarbon, benzene, in a shallow gasoline-contaminated aquifer and
biodegradation was not a major attenuation process at thissite. MTBE may be fairly persistent
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since it is refractory to most types of biodegradation (Borden et al. 1997, Daniel 1995, Jensen
and Arvin 1990). Adsorption is expected to have little effect and dissolved MTBE will move at
the same rate as the groundwater. MTBE may be volatilized into air or into soil gas from
groundwater and these mechanisms may account for the removal of MTBE from groundwater.

MTBE has been detected in water, mainly by the USGS, in Colorado (Livo 1995, Bruce and
McMahon 1996), California (Boughton and Lico 1998), Connecticut (Grady 1997), Georgia,
Indiana (Fenelon and Moore 1996), Maine (Smith and Kemp 1998), Maryland (Daly and Lindsey
1996), Massachusetts (Grady 1997), Minnesota, Nevada (Boughton and Lico 1998), New
Hampshire (Grady 1997), New Jersey (Terracciano and O'Brien 1997, O'Brien et al. 1998), New
Mexico, New York (Stackelberg et al. 1997, Lince et al. 1998, O'Brien et a. 1998), North
Carolina (Rudo 1995), Pennsylvania (Daly and Lindsey 1996), South Carolina (Baehr et al.
1997), Texas, Vermont (Grady 1997), Wisconsin and other states. A recent USGS NAWQA
survey (Boughton and Lico 1998) reported the detection of MTBE in Lake Tahoe, Nevada and
California, from July to September 1997, in concentrations ranging from 0.18 to 4.2 ppb and to
depths of 30 meters. Zogorski et a. (1998) summarized the findings and research by the USGS
in ground and surface water that MTBE has been detected in 14% of urban wells and two percent
of rural wells sampled from aquifers used for drinking water.

USGS has published the results of the NAWQA Program (Squillace et al. 1995, 1996, 19974,
1997b, 1998) of monitoring wells, which are not drinking water wells. This program analyzed
concentrations of 60 VOCs from 198 shallow wells and 12 springs in eight urban areas (nonein
California) and 549 shallow wellsin 21 agricultural areas (including the San Joaquin Valley).
MTBE was detected in 27% of the urban wells and springs and 1.3% of the agricultural wells.
The average MTBE concentration found in shallow groundwater was 0.6 ppb. MTBE wasthe
second most frequently detected VOC (behind chloroform) in shallow groundwater in urban
wells with a detection frequency of 27% of the 210 wells and springs sampled (Anonymous
1995, Squillace et a. 1996, Zogorski et al. 1998). No MTBE was detected in 100 agricultural
wellsin the San Joaquin Valley.

A recent evaluation of MTBE impacts to California groundwater resources (Happel et al. 1998),
jointly sponsored by the Underground Storage Tank (UST) Program of the California State
Water Resources Control Board (SWRCB), the Office of Fossil Fuels of U.S. Department of
Energy (DOE), and the Western States Petroleum Association (WSPA), found evidence of
MTBE in nearly 80% of the 1,858 monitoring wells from 236 |eaking underground fuel tank
(LUFT) sitesin 24 counties examined by the Lawrence Livermore National Laboratory (LLNL).
LLNL originally estimated that more than 10,000 LUFT sites out of the recognized 32,409 sites
in California are contaminated with MTBE. Recent ongoing monitoring report (UC 1998)
confirmsthat at least 3,000 to 4,500 LUFT sites are contaminated with MTBE. Maximum
concentrations found at these sites ranged from several ppb to approximately 100,000 ppb or 100
ppm, indicating awide range in the magnitude of potential MTBE impacts at gasoline release
sites. MTBE plumes are more mobile than BTEX plumes, and the plumes are usually large
migrates. Primary attenuation mechanism for MTBE isdispersion. LLNL concluded that MTBE
might present a cumulative contamination hazard.

In response to the growing concern over the detection of MTBE in California’ s groundwater and
surface water bodies, the SWRCB was requested to convene an advisory panel to review the
refueling facilities and practices at marinas located on surface water bodies serving as drinking
water sources to determine if any upgrades should be made to eliminate releases to the water
body (Patton et al. 1999a). In addition, SWRCB’s advisory panel was asked to review existing
database of UST contamination sitesto determine if thereisaleak history and identify
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appropriate measures to assure the prevention and detection of oxygenate rel eases from retail
marketing facilities (Patton et al. 1999b).

MTBE was detected in municipa stormwater in seven percent of the 592 samples from 16 U.S.
cities during 1991 to 1995 with arange of 0.2 to 8.7 ppb and a median of 1.5 ppb (Delzer et al.
1997). MTBE was found to be the seventh most frequently detected VOCs in municipal
stormwater. Among the stormwater samples that had detectable concentrations of MTBE, 87%
were collected between October 1 and March 31 which isthe period of time when oxygenated
gasoline is used in CO nonattainment areas (Squillace et al. 1998). Surveys by the U.S. EPA
found that 51 public water suppliersin seven responding states had detected MTBE. There are
ongoing regional studies of MTBE occurrence in California, New England, Long Island, New
Jersey and Pennsylvania (Wiley 1998). MTBE was detected in aquifers (Landmeyer et al. 1997,
1998, Lindsey 1997).

Cal/EPA and other state agencies have taken a proactive approach toward investigating MTBE in
water in California. MTBE has recently been detected in shallow groundwater at over 75% of
about 300 leaking UST sitesin the Santa Clara Valley Water District (SCVWD)), at 90 out of 131
fuel leak sites under jurisdiction of the San Francisco Regional Water Quality Control Board
(SFRWQCB) and at over 200 leaking sites in the Orange County Water District. According to
the Santa Ana Regional Water Quality Control Board, MTBE has been found at concentrations
higher than 200 ppb at 68% of the leaking UST sitesin itsjurisdiction and at concentrations
above 10,000 ppb at 24% of the leaking sites. In Solano County, concentrations of MTBE as
high as 550,000 ppb have been reported in groundwater at sites with leaking USTs. However,
these wells are not sources for drinking water (SCDEM 1997). At sites of gasoline leakage,
MTBE concentrations as high as 200,000 ppb have been measured in groundwater (Davidson
1995, Garrett et al. 1986).

In July 1998, the SFRWQCB (1998) has compiled alist of 948 LUFT sitesin the nine Bay Area
counties in which groundwater has been contaminated with MTBE to a concentration of more
than five ppb, which is the detection limit. The MTBE concentrations from the monitoring wells
ranged from six ppb to as high as 19,000,000 ppb or 19,000 ppm. The monitoring well with
19,000,000 ppb of MTBE also was reported with benzene contamination in groundwater at 1,900
ppb and a maximum concentration of 6,100 ppb during the past two years. The range of MTBE
concentrations was from seven to 390,000 ppb in Alameda County, six to 240,000 ppb in Contra
Costa County, six to 210,000 ppb in Marin County, 12 to 60,000 ppb in Napa County, six to
710,000 ppb in San Francisco County, seven to 2,400,000 ppb in San Mateo County, Six to
140,000 ppb in Santa Clara County, nine to 19,000,000 ppb in Solano County, and seven to
390,000 ppb in Sonoma County .

In 1994, SB 1764 (Thompson, California Health and Safety Code, Section 25299.38) established
an independent advisory committee to the SWRCB to review the cleanup of USTsincluding
reguesting companies to monitor MTBE (Farr et al. 1996). State and federal statues require that
all USTsincluding LUFTs be removed, replaced or upgraded to meet current standards by
December 22, 1998. In June 1996, the SWRCB asked local regulatory agencies to require
analysis at all leaking UST sites with affected groundwater. MTBE has been detected at a
majority of the sites. Concentrations of MTBE in shallow groundwater near the source of the
fuel release can exceed 10,000 ppb or 10 ppm (Cal/EPA 1998).

In 1995, ARB requested DHS' Division of Drinking Water and Environmental Management to
test for MTBE in the state's drinking water. In February 1996, DHS sent an advisory letter to
water suppliersit regulates, requesting voluntary testing for MTBE while a monitoring
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regulation was being developed. The regulation was adopted on February 13, 1997, and requires
monitoring of MTBE as an unregulated chemical by the water suppliers from a drinking water
well or a surface water intake at |east once every three years. DHS routinely updates the reported
detection of MTBE in groundwater and surface water sources on its website. DHS uses a
detection limit for purposes of reporting (DLR) for MTBE of five ppb based on consideration of
the State's commercial |aboratories use of MTBE in other common analyses and the potential for
sample contamination and the reporting of false positives. Laboratories are only required to
report MTBE analytical results at or above the five ppb DL R, but some laboratories are reporting
lower concentrations.

According to the DHS report, from February 13 to June 13, 1997, MTBE had been detected in 14
of the 388 drinking water systems that had been monitored. As of December 22, 1997, 18 of the
516 systems monitored had reported MTBE detection. These are drinking water wells tapping
deep aquifers and some aquifers at depths of 200 feet or greater. In addition, approximately
2,500 public drinking water sources had been sampled and reported. Only 33 sources including
19 groundwater sources and 14 surface water sources, nine of which are reservoirs, had reported
detectable concentrations of MTBE. Three groundwater sources including City of Santa Monica
(up to 300 ppb in February 1996), City of Marysville (up to 115 ppb in January 1997), and
Presidio of San Francisco (up to 500 ppb in July 1990 from a currently abandoned well) had
reported concentrations above the U.S. EPA (1997a) advisory level of 20 to 40 ppb. Otherwise,
the range of reported values was less than (<) one to 34.1 ppb in groundwater sources and < one
to 15 ppb in surface water sources (DHS 1997).

The City of Santa Monica has shut down two well fields, Charnock and Arcadia, dueto MTBE
contamination. These well fields used to supply 80% of the drinking water to the city residents.
Concentrations as high as 610 ppb were observed in the Charnock aguifer and the seven wellsin
the field have been closed. Inthe Arcadiawell field, two wells have been closed dueto MTBE
contamination from an UST at a nearby gasoline station (Cal/EPA 1998, Cooney 1997). DHS
(1997) reported MTBE concentrations up to 130 ppb in a Charnock well and 300 ppb in another
Charnock well in February 1996, and up to 72.4 ppb in an Arcadiawell in August 1996. In Santa
Clara County, the Great Oaks Water Company has closed a drinking water well in South San
Jose due to trace MTBE contamination. The Lake Tahoe Public Utilities District has shut down
six of their 36 drinking water wells because of MTBE contamination.

MTBE has also been found in many surface water lakes and reservoirs (DHS 1997). The
reservoirs allowing gasoline powerboat activities have been detected with MTBE at higher
concentrations than those reservoirs prohibiting boating activities. DHS reported MTBE in Lake
Tahoe, Lake Shasta, Whiskeytown Lake in the City of Redding, San Pablo Reservoir in East Bay
Municipal Utility District (EBMUD) in the San Francisco Bay area, Lobos Creek in Presidio of
San Francisco, Del Valle and Patterson Pass of Zone Seven Water Agency serving east Alameda
County, Clear Lake in Konocti County Water District, Canyon Lake in the Elsinore Valley
Municipal Water District, Lake Perrisin the MWDSC in the Los Angeles area, and Alvarado,
Miramar, and Otay Plant influent in City of San Diego. MTBE concentrations ranged from
<oneto 15 ppb. Donner Lake, Lake Merced, Cherry and New Don Pedro Reservoirsin
EBMUD, Anderson and Coyote Reservoirsin the SCVWD, Modesto Reservoir in the Stanislaus
Water District, and Castaic Reservoir in MWDSC also had detectable levels of MTBE.

The City of Shasta Lake domestic water supply intake raw water was reported with 0.57 ppb
MTBE in September 1996 although Lake Shasta had 88 ppb in a surface water sample next to a
houseboat at a marina dock. BTEX were found in lower concentrations than MTBE. Water was
analyzed for hydrocarbons before and after organized jet ski events held in the summer and fall
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of 1996 in Orange County and Lake Havasu (Dale et a. 1997a). MTBE was measured in the
water at the small holding basin in Orange County at concentrations of up to 40 ppb afew days
after the event while there was only negligible BTEX. At the larger Lake Havasu, the MTBE
concentrations increased from below the level of detection to 13 ppb. A recent report to the
SCVWD described the detection of an average concentration of three ppb MTBE in Anderson,
Calero, and Coyote Reservoirs which are drinking water sources where powerboating is alowed.
Calero Reservoir banned jetskisin July 1998. The National Park Serviceis proposing a
systemwide ban on similar types of personal watercraft, which are presently allowed in 34 of
America' s 375 national park units.

The Carson publicly owned treatment works (POTW) in Carson, California has also reported
MTBE initswastewater. The Carson POTW processes the largest volume of refinery
wastewater in the nation (13 refineries sporadically discharge wastewater to the POTW).
Refineriesin California perform their own pretreatment prior to discharging to sewers. The
refineries’ discharges contain average levels from one to 7,000 ppb (seven ppm) with
concentrations occasionally as high as 40,000 ppb. Californiarefineries are situated mainly
along the coast and discharge directly or indirectly to marine waters. No Californiarefineries
discharge their wastewater to sources of drinking water.

METABOLISM AND PHARMACOKINETICS

The available information on the metabolism and pharmacokinetics of MTBE is limited to
humans and rats with little information from mice. MTBE can be absorbed into the body after
inhalation in humans (Johanson et al. 1995, Nihlen et al. 19983, 1998b, Vainiotalo et al. 1998)
and rats (Buckley et al. 1997, Miller et a. 1997, Prah et al. 1994, Savolainen et al. 1985),
ingestion or skin contact in rats (Miller et al. 1997). It is metabolized and eliminated from the
body within hours. MTBE caused lipid peroxidation in the liver and induction of hepatic
microsomal cytochrome Pyso content in mice (Katoh et al. 1993). The major metabolic pathway
of MTBE in both animals and humans is oxidative demethylation leading to the production of
TBA (Poet et a. 1997c). In animas, HCHO is also a metabolite (Hutcheon et a. 1996). This
reaction is catalyzed by cytochrome Pys, enzymes (Brady et al. 1990, Hong et al. 1997b).

MTBE and TBA have been detected in blood, urine, and breath of humans exposed to MTBE via
inhalation for 12 hours. Nihlen et al. (1998b) in a chamber study exposing human subjects for
two hours suggests that TBA in blood or urine is a more appropriate biological exposure marker
for MTBE than the parent ether itself. Bonin et al. (1995) and Lee and Weisel (1998) described
analytical methods for detecting MTBE and TBA in human blood and urine at concentrations
below one ppb. A recent Finnish study, Saarinen et al. (1998) investigated the uptake of 11
driversto gasoline vapors during road-tanker loading and unloading. The total MTBE uptake
during the shift was calculated to be an average of 106 + 65 nmole. The mean concentrations of
MTBE and TBA detected in the first urine after the work shift were 113 + 76 and 461 + 337
nanomole/L, and those found 16 hours later in the next morning were 18 + 12 and 322 + 213
nanomole/L, respectively.

Absorption

Thereis limited information on the rate and extent that M TBE enters the systemic circulation.
MTBE is lipophilic which will facilitate its absorption across the lipid matrix of cell membranes
(Nihlen et al. 1997). Initsliquid or gaseous state, MTBE is expected to be absorbed into the
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blood stream (Nihlen et al. 1995). MTBE is absorbed into the circulation of rats following oral,
intraperitoneal (i.p.), intravenous (i.v.), or inhalation exposures (Bioresearch Laboratories 1990a,
1990b, 1990c, 1990d, Miller et al. 1997, NSTC 1997). Dermal absorption of MTBE islimited,
as compared with other routes.

The concentration-time course of MTBE in blood plasma of male rats administered 40 mg/kg/day
by oral, dermal, or i.v. routes was followed (Miller et al. 1997). Peak blood concentrations of
MTBE (Cmax) were obtained within five to 10 minutes. Higher levels of MTBE were seen after
oral versusi.v. exposure indicating elimination of the latter viathe lungs. Miller et al. (1997)
compared the areas under the concentration-time curves (AUC) for MTBE following i.v. and ora
administrations and concluded that MTBE was completely absorbed from the gastrointestinal
tract. Plasmalevels of MTBE following dermal exposure were limited; peak concentrations
were achieved two to four hours after dosing. Absorption ranged from 16 to 34% of applied
doses of 40 mg/kg/day and 400 mg/kg/day respectively. After inhalation exposure, plasma
concentrations of MTBE reached apparent steady state within two hours at both low (400 ppm)
and high (8,000 ppm) doses. Peak MTBE concentrations were reached at four to six hours and
were 14 and 493 ppb, respectively.

Distribution

Oncein the blood, MTBE is distributed to all major tissuesin therat. Due to its hydrophilic
properties, neither MTBE nor its metabolites would be expected to accumulate in body tissues.
TBA appears to remain longer, and chronic exposure could result in accumulation to some
steady-state level, but this needs further study. Once absorbed, MTBE is either exhaled as the
parent compound or metabolized. Oxidative demethylation by cytochrome P,so-dependent
enzymesisthefirst step in the metabolism that yields HCHO and TBA. TBA isdetected in
blood and urine and appears to have alonger half-life in blood than MTBE (Poet et al 1996, Prah
et a. 1994, Prescott-Mathews et al. 1996, Savolainen et al. 1985).

Metabolism

The metabolism of absorbed MTBE proceeds in a similar fashion regardless of route of
exposure. MTBE is metabolized via microsomal enzymes in the cells of organs (Turini et al.
1998). MTBE undergoes oxidative demethylation in the liver viathe cytochrome Pyso-dependent
enzymes (Pyso 11 EL, Pysol IB1, and Puso [1A6 are thought to be involved) to give TBA and HCHO
(Brady et al. 1990, Hong et a. 1997b). Rat olfactory mucosa displays a high activity in
metabolizing MTBE via the cytochrome Pyso-dependent enzymes (Hong et al. 1997a). In vitro
studies of MTBE in human (Poet and Borghoff 1998) and rat (Poet and Borghoff 1997b) liver
microsomes confirm that MTBE is metabolized by P,so-dependent enzymes and suggest that the
metabolism of MTBE will be highly variable in humans. TBA may be eliminated unchanged in
expired air or may undergo secondary metabolism forming 2-methyl-1,2-propanediol and a-
hydroxyisobutyric acid. Both of these latter metabolites are excreted in the urine and account for
about 14% and 70% respectively of urine radioactivity for **C-MTBE dosed rats (Miller et al.
1997). Two unidentified minor metabolites are also excreted in urine.

Bernauer et al. (1998) studied biotransformation of *C- and 2-**C-labeled MTBE and TBA in
rats after inhalation or gavage exposure to identify 2-methyl-1,2-propanediol and 2-
hydroxyisobutyrate as major metabolitesin urine by *C nuclear magnetic resonance and gas
chromatography/mass spectrometry. In one human individual given five mg *C-TBA/kg orally,
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2-methyl-1,2-propanediol and 2-hydroxyisobutyrate were major metabolitesin urine. The results
suggest that TBA formed from MTBE be extensively metabolized by further oxidation reactions.
In vitro evidence suggests that TBA may also undergo oxidative demethylation to produce
HCHO and acetone (Cederbaum and Cohen 1980). Identification of **CO, in expired air of “C-
MTBE treated rats suggests some complete oxidation of MTBE or metabolites occurs, probably
viaHCHO. Studiesin humans are more limited but TBA has been observed as a blood
metabolite of MTBE. The participation of hepatic cytochrome Pyso-dependent enzymes also
indicates a potential role of co-exposure to other environmental chemicalsin affecting MTBE
metabolism and toxicity (Hong et al. 1997b, NSTC 1997).

Excretion

Elimination of MTBE and its metabolites by Fischer 344 ratsis primarily viathe lungs (expired
air) and the kidneys (urine). In expired air, MTBE and TBA are the predominant forms. After
i.v. administration of “*C-MTBE to male rats most of the radioactivity was excreted in the
exhaled air (60%) and urine (34.9%) with only two percent in the feces and 0.4% remaining in
the tissues/carcass. Most of the administered dose was eliminated as M TBE during the first three
hours following administration. About 70% of the dose recovered in the urine were eliminated in
the first 24 hours and 90% in 48 hours. After dermal exposure to MTBE for six hours, 70 to
77% of the applied radioactivity was unabsorbed while 7.6 to 18.9% was excreted in expired air,
6.3t0 16.2% in urine, and 0.25 to 0.39% in feces at 40 and 400 mg/kg/day respectively. A
negligible amount (< 0.2%) was found in tissues/carcass. The composition of **C-radiolabel in
expired air was 96.7% MTBE and 3.3% TBA at the high dose. After inhalation exposures most
of the **C was eliminated in the urine with 64.7% after single and 71.6% after repeated low
doses. At the high dose, alarger fraction was eliminated in exhaled air: 53.6% compared to 17%
for single or 21% for repeated low doses. Lessthan 1% of the dose was recovered in the feces
and < 3.5% in the tissues/carcass. The composition of **C-radiolabel in exhaled breath in the
first six hours following administration of MTBE was 66 to 69% MTBE and 21 to 34% TBA.

By 24 hours post-dose 85 to 88% of the urine radioactivity was eliminated in rats from all
exposure groups (Miller et al. 1997).

Pulmonary elimination of MTBE after intraperitoneal injection in mice (Y oshikawa et al. 1994)
at three treated doses (50, 100 and 500 mg/kg) indicated an initial rapid decrease of the
elimination ratio followed by a slow decrease at the doses of 100 and 500 mg/kg. The calculated
half-lives of the two elimination curves obtained by the least squares method were approximately
45 minutes and 80 minutes. The pulmonary elimination ratios at the three different doses were
from 23.2% to 69%. Most of the excreted MTBE was eliminated within three hours.

In a human chamber study (Buckley et al. 1997), two subjects were exposed to 1.39 ppm MTBE,
that is comparable to low levels which might be found in the environment for one hour, followed
by clean air for seven hours. The results showed that urine accounted for less than one percent
of the total MTBE elimination. The concentrations of MTBE and TBA in urine were similar to
that of the blood ranging from 0.37 to 15 ng/L and two to 15 ny/L, respectively. Human breath
samples of end-expiration volume were collected from two individuals during motor vehicle
refueling, one person pumping the fuel and a nearby observer, immediately before and for 64
minutes after the vehicle was refueled with premium grade gasoline (Lindstrom and Pleil 1996).
Low levels of MTBE were detected in both subjects' breaths before refueling and levels were
increased by afactor of 35 to 100 after the exposure. Breath elimination indicated that the half-
life of MTBE in thefirst physiological compartment was between 1.3 and 2.9 minutes. The
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breath elimination of MTBE during the 64-minute monitoring period was about four-fold for the
refueling subject comparing to the observer subject.

Johanson et al. (1995) and Nihlen et al. (1998a, 1998b) reported toxicokinetics and acute effects
of inhalation exposure of 10 male subjectsto MTBE vapor at five, 25, and 50 ppm for two hours
during light physical exercise. MTBE and TBA were monitored in exhaled air, blood, and urine.
The elimination of MTBE from blood was multi-phasic with no significant differences between
exposure levels. The elimination phases had half-lives of one minute, 10 minutes, 1.5 hours, and
19 hours respectively. Elimination of MTBE in urine occurred in two phases with average half-
lives of 20 minutes and three hours. Excretion of MTBE appeared to be nearly complete within
10 hours. For TBA excretion the average post-exposure half-lives in blood and urine were 10
and 8.2 hours respectively. Some exposure dependence was noted for the urinary half-life with
shorter values seen at the highest exposure level (50 ppm ~ 2 hour). A low renal clearance for
TBA (0.6 to 0.7 mL/hour/kg) may indicate extensive blood protein binding or renal tubular
reabsorption of TBA.

Pharmacokinetics

The plasma elimination half-life (ty,) of MTBE in male rats was about 0.45 to 0.57 hour after
i.v., ora (low dose), and inhalation exposures. A significantly longer ty, of 0.79 hour was
observed with the high oral dose of 400 mg/kg/day. For dermal exposure the initial MTBE
elimination ty, was 1.8 to 2.3 hours. TBA elimination ty, values were 0.92 hour fori.v., 0.95to
1.6 hoursfor oral, 1.9 to 2.1 hours for dermal, and 1.8 to 3.4 hours for inhal ation exposures. The
apparent volume of distribution for MTBE ranged from 0.25to 0.41 L after i.v., oral, and
inhalation dosing and from 1.4 to 3.9 liters (L) after dermal exposures. The total plasma
clearance of MTBE, corrected for relative bioavailability, ranged from 358 to 413 mL/hour in
i.v., oral, and dermal administrations. Inhalation values ranged from 531 mL/hour for low single
dose to 298 mL/hour for high single dose. For oral administration of 40 or 400 mg/kg/day
MTBE the AUC vaues were 17 and 230 (ng/mL)hour for MTBE and 39 and 304 (rmg/mL)hour
for TBA (Miller et a. 1997).

The disposition and pharmacokinetics observed in these studies are similar to those observed in
human volunteers following inhalation and dermal exposures (U.S. EPA 1993). For inhalation
exposure to five mg/m3 for one hour the ty, value for MTBE was 36 minutes. Blood TBA levels
rose during exposure and remained steady for up to seven hours post-exposure suggesting a
longer ty, for TBA in humans compared to rats. Other more recent data (cited in NSTC 1997)
indicate a multi-exponential character to MTBE elimination from human blood with t,, values of
two to five minutes, 15 to 60 minutes and greater than 190 minutes. These results possibly
indicate amore complex distribution or binding of MTBE in humans than observed in rats. Such
differences probably are related to larger fat compartments in humans compared to rats.

Overall, these studies show that following i.v., oral, or inhalation exposures MTBE is absorbed,
distributed, and eliminated from the body with a half-life of about 0.5 hour. Dermal absorption
islimited. The extent of metabolism to TBA (and HCHO) the major metabolite is somewhat
dependent on route and dose. TBA is eliminated from the body with a half-life of one to three
hours or longer in humans. Virtualy al MTBE is cleared from the body 48 hours post-exposure.
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Physiologically-Based Pharmacokinetic (PBPK) Models

Computer-based PBPK models have been developed for rats (Borghoff et a. 1996a, Rao and
Ginsberg 1997). These models vary in complexity, metabolic parameters, and one chemical
specific parameter. The Borghoff et al. (1996a) model uses five compartments for MTBE and
either five or two for TBA. While model predictions of MTBE blood concentrations and
clearance following inhalation or oral exposures were generally good, the model underpredicted
MTBE blood levels at 8,000 ppm by afactor of two. Accurate model predictions of TBA blood
levels and clearance were more elusive with the two compartment model giving more accurate
predictions at lower oral and inhalation doses than at higher doses or than the five compartment
model. The Rao and Ginsberg (1997) model is more complex using eight compartments for
MTBE and eight for TBA. While both models assume two Michaelis-Menten processes
(Vmaxc/Km) from MTBE to TBA namely high capacity to low affinity (Vmaxc,/Km,), and low
capacity to high affinity (Vmaxc,/Kmy), the Rao and Ginsberg (1997) model uses different
parameters than Borghoff et al. (1996a) with alower Vmaxc,/Km;. Rao and Ginsberg (1997) use
alower tissue/blood partition coefficient for TBA in the dowly perfused compartment (e.g.,
muscle) of 0.4 versus 1. Predictions of blood levels and clearance rates for MTBE and TBA with
MTBE inhalation exposures appear to be more accurate with thismodel. Similar validationis
claimed for the oral and i.v. routes for MTBE exposure and for i.p. exposure to TBA athough
these data have not been seen in detail. Rao and Ginsberg (1997) used their model to evaluate
some key uncertainties of acute inhalation exposuresto MTBE during bathing and showering and
concluded that the acute central nervous system (CNS) toxicity islikely due to MTBE rather than
to its TBA metabolite. The simulated brain TBA concentration for CNS effects was in the 500 to
600 mg/L range. In contrast, the simulated brain concentration for MTBE's CNS effects was
considerably lower (89 to 146 mg/L). By comparing TBA only versus MTBE exposure studies
the authors concluded that under conditions where MTBE dosing produced acute CNS toxicity,
the simulated TBA brain concentrations were too low to be effective.

Despite the lack of human data on tissue/blood partition coefficients and other key parameters,
both models have been adjusted to human anatomical and physiological values and estimated
metabolic and chemical parameters and compared with limited human blood data. Although the
Borghoff et a. (1996a) model was able to predict MTBE levels seen in Cain et a. (1996) during
inhalation exposure, it underpredicted MTBE blood concentrations after exposure, resulting in a
faster clearance than seen experimentally. The Rao and Ginsberg (1997) model more closely
simulated the data (1.7 ppm MTBE for one hour) of Cain et al. (1996) but underpredicted the
peak and postexposure concentrations at higher inhal ation exposures of five and 50 ppm MTBE
for two hours (Johanson et al. 1995). It is clear that while human MTBE PBPK models may be
improved considerably, they may prove useful in their present state to assess risks associated
with some environmental exposuresto MTBE (e.g., exposures when taking a shower).

TOXICOLOGY

Thetoxicology profile of MTBE has been summarized in the U.S. (Von Burg 1992, ATSDR
1996) and in Great Britain (BIBRA 1990). Zhang et a. (1997) used computer modeling to
predict metabolism and toxicological profile of gasoline oxygenatesincluding MTBE based on
structure activity relationships. Health risk assessment of MTBE has been performed (Gilbert
and Calabrese 1992, Hartly and Englande 1992, Hiremath and Parker 1994, Stern and Tardiff
1997, Tardiff and Stern 1997). The general toxicity of MTBE is not considered as "highly
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hazardous" in a hazard ranking system for organic contaminants in refinery effluents (Siljeholm
1997) and is considered as |ess hazardous than most chemicals in 10 ranking systemsin the
Chemical Scorecard of the Environmental Defense Fund (EDF 1998). A substantial amount of
health-related research has been conducted or initiated on MTBE in recent years (ATSDR 1996,
U.S. EPA 1997a). A recent literature review (Borak et al. 1998) summarizes the exposure to
MTBE and acute human health effects including nine epidemiological studies, ten industrial
hygiene studies, and 12 clinical studies. However, most of the studies and reviews focus on the
inhalation route of exposure in human health effects and laboratory animal toxicities. No studies
were located regarding toxic effects in humans after oral exposure to MTBE alone. Because this
document is mainly concerned with the effects of MTBE in drinking water, it focuses on oral
toxicity studiesin animals. Thereislimited information on dermal exposure effectsin humans
and animals. Very little is known about the toxic effects of MTBE in plants and ecosystems.

Toxicological Effects in Animals

Table 4 summarizes the lowest concentrations resulting in toxicity in laboratory animals via
inhalation or oral exposure as reported in the ATSDR (1996) document and the latest U.S. EPA
(1997c) advisory. Clary (1997) reviewed the systemic toxicity of MTBE including 12 inhalation
and four oral studies. Stelljes (1997) summarized similar information based on only the ATSDR
(1996) document. The various noncancer health effects via oral route of exposure in all tested
species and the duration of exposure are summarized in Table 5. The highest NOAELs and all
the lowest observed adverse effect level (LOAELS) are also included in Table 5. Details of each
of the studies listed in Table 5 are described in the following sections on acute, subacute,
subchronic and chronic toxicity. The cancer effects observed in animals are discussed in a
separate section on carcinogenicity in this chapter. There were no studies located regarding
cancer in humans after oral, or any other exposureto MTBE.

In animal studies, oral exposureto MTBE for acute, subacute, subchronic, or chronic duration
appears to be without effects on the cardiovascular, musculoskeletal, dermal, ocular, or
reproductive systems. In acute and subacute oral exposure studies, limited effects on the
respiratory, gastrointestinal, hematological, hepatic, renal, or neurological systems and some
minor systemic toxicities have been observed. In subchronic oral exposure, limited effects on
gastrointestinal, hematological, hepatic, or renal systems and some minor systemic toxicities
have been observed. In chronic oral exposure, the main observation is cancer and preneoplastic
effects (ATSDR 1996). In this document, all the potential toxic effects of MTBE have been
reviewed with an emphasis on the oral exposure; particularly the potential reproductive,
developmental and carcinogenic effects have been extensively reviewed by OEHHA staff.

Some acute, intermediate or chronic duration minimal risk levels (MRLS) have been derived by
the ATSDR for inhalation or oral exposureto MTBE (ATSDR 1996). U.S. EPA (1997¢) listsin
IRIS a Reference Concentration (RfC) for inhalation that is similar to the ATSDR's inhalation
MRL. However, the current IRIS (U.S. EPA 1997c¢) does not list a Reference Dose (RfD) for
ingestion (U.S. EPA 1987b) that is similar to the ATSDR'singestion MRL. In addition to the
key documents from governmental agencies and literature search articles mentioned above,
toxicology information in the TOMES PLUSA database (Hall and Rumack 1998) also has been
used in the following summary of toxic effects of MTBE.
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Table 4. Summary of Selected Data on MTBE:
Noncancer Toxic Effects in Animals*

Dose level Inhalation (mg/m?®) Oral (mg/kg/day)
ACUTE SUBACUTE/ CHRONIC ACUTE SUBACUTE/
SUBCHRONIC SUBCHRONIC
NOAEL 1,440 1,440 1,440 40 100
LOAEL 3,600 2,880 10,800 90 300
Letha Dose 649,000 NA NA 3,866 NA

*Values represent the lowest reported in ATSDR (1996) and U.S. EPA (1997a)

METHYL TERTIARY BUTYL ETHER in Drinking Water
California Public Health Goal (PHG) 28 March 1999



Table 5. Significant Noncancer Health Effects
and Levels of Oral Exposure to MTBE in Animals*

Species/ Exposure/ System NOAEL LOAEL Reference
(Strain) Duration/ (mg/kg/day) (mg/kg/day)
Frequency
(Specific
route)
ACUTE EXPOSURE
Death
Rat once 3,866 (L Ds) ARCO
(gavage) 1980
Mouse once 4,000 (L Dsp) Littleet al.
(gavage) 1979
Systemic Toxicity
Rat once Respiratory 4,080 (labored ARCO
(gavage) respiration) 1980
Neurological 1,900 (dlight to
marked CNS
depression)
2,450 (ataxia)
Rat (Sprague- once (gavage Gastrointestinal 100 (diarrhea)  Robinson et
Dawley) inoil) Neurological 900 1,200 (profound a. 1990
but transient
anesthesia)
Rat (Fischer once (gavage Neurological 40 400(drowsiness) Bioresearch
344) in water) Labs. 1990b
Rat (Sprague-  once Neurological 90 (salivation)  Johnson et
Dawley) (gavage) 440 (Male) al. 1992,
(hypoactivity, Klanetal.
ataxia) 1992
1,750 (Female)
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Species/ Exposure/ System NOAEL LOAEL Reference

(Strain) Duration/ (mg/kg/day) (mg/kg/day)
Frequency
(Specific
route)
SUBACUTE EXPOSURE
Systemic Toxicity
Rat (Sprague- 14 days Respiratory 1,428 Raobinson
Dawley 7 days/week  Cardiovascular 1,428 et a. 1990
once/day Gastrointestinal 357 (diarrhea)
(gavagein  Hematological 1,428 357 (Mae)
oil) (Female) (decreased
monaocytes)
Hepatic 714 (Mae) 1,071 (Made)
[increased serum
glutamic-
oxal oacetic
transaminase
(SGOT) and lactic
dehydrogenase]
1,428 (Female)
[decreased blood
urea nitrogen
(BUN) values]
Renal 1,071 (Mae) 1,428 (Male)
1,428 (increased hyaline
(Female) droplets)
Endocrine 1,428
Body weight 714 1,071 (Female)

(Female) (unspecified reduced
357 (Male)  weight gain)

Immunological/ 1,428
Lymphoreticular
Neurological 1,071 1,428 (profound but

transient anesthesia,
hypoactivity, ataxia)
Reproductive 1,428

Other 1,071 (Mae) 1,428 (Male)
357 (Female) 714 (Female)
(elevated
cholesterol)
Mouse (CD-1) 3 weeks, Body weight 1,000 Ward et
5days’'week  Reproductive 1,000 al. 1994,
(gavagein ail) 1995
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Species/ Exposure/ System NOAEL LOAEL Reference
(Strain) Duration/ (mg/kg/day) (mg/kg/day)

Frequency

(Specific

route)

SUBCHRONIC EXPOSURE

Death
Rat (Sprague- 16 weeks 250 (Female) Belpoggi
Dawley) 4 days/week (increased etal.
once/day mortality) 1995
(gavagein ail)
Systemic Toxicity
Rat (Sprague- 4 weeks Respiratory 1,750 Johnson
Dawley) 5daysweek  Cardiovascular 1,750 etal.
once/day Gastrointestinal 440 1,750 1992,
(gavage) (inflammation, Klan et al.
submucosal 1992
edema, epithelial
hyperplasia,

stomach ulcers)
Hematological 1,750
Muscle/skeleton 1,750

Hepatic 440 1,750 (increased
relative liver
weights)

Renal 1,750 440 (Male)

(Female) (increased hyaline
dropletsin
proximal
convoluted tubules
and increased
relative kidney
weights)

Endocrine 1,750

Dermal 1,750

Ocular 1,750

Body weight 1,750

Immunological/ 1,750

Lymphoreticular

Neurological 440 (hypoactivity,
ataxia)

Reproductive 1,750

Other 440 1,750 (increased
serum cholesterol)
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Species/ Exposure/ System NOAEL LOAEL Reference
(Strain) Duration/ (mg/kg/day) (mg/kg/day)

Frequency

(Specific

route)

SUBCHRONIC EXPOSURE (Continued)

Systemic Toxicity

Rat (Sprague- 90 days Respiratory 1,200 Raobinson
Dawley) 7 days'week  Cardiovascular 1,200 etal.
once/day Gastrointestinal al treated doses 1990
(gavagein (diarrheq)
oil)

Hematological 900 1,200 (increased
monocytes,
decreased mean
corpuscular
volume in males,
increased red
blood cell,
hemoglobin,
hematocrit and
decreased white
blood cellsin
females)

Hepatic al treated doses
(decreased BUN
values)

Renal 900 (Male) 1,200 (Male)

1,200 (hyaline droplets,

(Female) granular casts)

100 300 (alterationsin
kidney weights)

Endocrine 1,200

Body weight 1,200

Immunological/ 1,200

Lymphoreticul ar

Reproductive 1,200

Other 300 (Male) 900 (Male)

100 (Female)
(elevated
cholesterol)
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Species/ Exposure/ System NOAEL LOAEL Reference
(Strain) Duration/ (mg/kg/day) (mg/kg/day)

Frequency

(Specific

route)

CHRONIC EXPOSURE

Systemic Toxicity

Rat (Sprague- 104 weeks Respiratory 1,000 Belpogai
Dawley) 4 days/week  Cardiovascular 1,000 et al. 1995
once/day Gastrointestinal 1,000
(gavagein  Muscle/skeleton 1,000
oil) Hepatic 1,000
Renal 1,000
Endocrine 1,000
Derma 1,000
Body weight 1,000
Immunological/ 1,000 250 (Female)
Lymphoreticular (Male) (dysplastic
proliferation
of lympho-
reticular
tissues,
possibly
preneoplastic)

Reproductive 1,000

* adapted from ATSDR (1996) and U.S. EPA (1997¢)

Acute Toxicity

Studies of the systemic effects of MTBE have been conducted in animals, but the majority
involves inhal ation exposure (Clary 1997). Inhalation or contact with MTBE may irritate or burn
skin and eyes. Vapors may cause dizziness or suffocation. Acute toxicity studiesin animals
demonstrate the extremely low toxicity of MTBE (ARCO 1980, Little et al. 1979, Reese and
Kimbrough 1993).

The oral LDsgs (letha doses with 50% kill) are approximately 3,866 mg/kg or four mL/kg in rats,
and approximately 4,000 mg/kg or 5.96 mL/kg in mice. The inhalation four-hour L Css (lethal
concentrations with 50% kill) in rats have been calculated to be approximately 39,395 ppm for
96.2% MTBE, 33,370 ppm for 99.1% MTBE and 23,576 ppm for MTBE. The inhalation 10-
minute LCs, in mice is approximately 180,000 ppm and the inhalation 15-minute LCsy in miceis
approximately 141 g/m>. Theinhalation LTs, (time at which death occurs in 50% of the exposed
animals) in mice exposed to 209,300 ppm MTBE is 5.6 minutes (ATSDR 1996). The dermal

L D5, is estimated to be greater than 10 mL/kg in New Zealand rabbits (HSDB 1997). Thei.p.
LDsyis 1.7 mL/kg or approximately 1,100 mg/kg in mice and greater than 148 mg/kg in rats
(Arashidani et a. 1993, RTECS 1997).
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Zakko et a. (1997) reported cytotoxicity of MTBE to intestinal mucosa of rats viai.p. injection
similar to the effects of MTBE treatment for gallstone dissolution in humans. MTBE infused
intraduodenally for three hoursin male New Zealand rabbits caused local intestinal cytotoxic and
systemic hepatoxic effects (Clerici et al. 1997).

At lethal doses, ocular and mucous membrane irritation, ataxia, |abored breathing, CNS
depression, and general anesthetic effects precede death. An inhalation study also demonstrated
inflammation in the nasal mucosa of rats at a dose of 3,000 ppm for six hours per day for nine
days (HSDB 1997). Mice that inhaled up to approximately 8,400 ppm MTBE for one hour had
approximately a 52% decrease in breathing frequency (Tepper et a. 1994). The decrease
occurred immediately, reached a maximum by 10 minutes and returned to baseline 15 minutes
after exposure. High oral doses of greater than 4,080 mg of MTBE/kg caused labored respiration
in rats (ARCO 1980). A four-hour direct exposure to MTBE vapor at concentrations greater than
18,829 ppm in an inhalation study resulted in ocular dischargesin rats (ARCO 1980). A six-hour
inhalation study produced signs of reversible CNS depression following exposure to 8,000 ppm
and, to alesser extent, to 4,000 ppm vapor with a NOAEL of 800 ppm (Dodd and Kintigh 1989,
Daughtrey et al. 1997). Asindicated in Tables4 and 5, a NOAEL of 40 mg/kg/day and a
LOAEL of 90 mg/kg/day are established by these acute oral exposure experiments based on the
neurological effects (Bioresearch Laboratories 1990b, Johnson et al. 1992, Klan et a. 1992).

Subacute Toxicity

In a consecutive 14-day study, Sprague-Dawley rats (10/sex/dose) were administered MTBE in
corn oil by gavage at zero, 357, 714, 1,071 or 1,428 mg/kg/day. MTBE appearsto be irritating to
the gastrointestinal tract of rats as evidenced by diarrhea and histological lesions at all levels of
MTBE by the third day of dosing throughout the 14-day study. Decreased lung weight was
observed in femalerats at all MTBE doses and at 714 mg/kg/day in malerats. Decreased levels
of monocytesin blood were observed in male rats at all MTBE doses. Increased liver enzymesin
males at 1,071 mg/kg/day and decreased blood urea nitrogen (BUN) valuesin females at 1,428
mg/kg/day were observed. At the highest dose, anesthesia was immediate, but recovery was
complete within two hours. Ataxia and hyperactivity, an increase in the weight of kidneys,
adrenal glands, and liversin both genders at 1,428 mg/kg/day, and an increase in hyaline droplet
formation in kidneys of male rats at 1,428 mg/kg/day were observed. Increasesin relative kidney
weights were noted in the males at 1,071 and at 1,428 mg/kg/day and in females at the 1,428
mg/kg/day dose. Although there was a dose-related decrease in body weight gain, it was
significant only in females at the highest treatment regimen. At 1,428 mg/kg/day in males and at
714 mg/kg/day in females, elevated cholesterol was observed. There were no gross lesions seen
at any treatment level. Based on the increasesin relative kidney weight, a NOAEL of 714
mg/kg/day and a LOAEL of 1,071 mg/kg/day are established by these experiments (Robinson et
al. 1990). These studiesindicate that the male kidney is the primary target of short-term toxicity
at relatively high doses. Subchronic toxicity studies of TBA indicated that, in rodents, the
urinary tract is atarget system and males are more sensitive to TBA toxicity than females (NTP
1995).

Subchronic Toxicity

In a 104-week gavage cancer study, increased mortality was observed in female Sprague-Dawley
rats at 250 mg/kg/day beginning at 16 weeks from the start of the study (Belpoggi et al. 1995).
Daily oral administration in rats for four weeks resulted in increased hyaline droplets and kidney
weight in males at 440 mg/kg/day and higher doses, and stomach ulcers, increased liver weights
and serum cholesterol at 1,750 mg/kg/day (Johnson et al. 1992, Klan et al. 1992).
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Sprague-Dawley rats (10/sex/dose) were treated orally with MTBE in corn oil for 90 days at zero,
100, 300, 900, or 1,200 mg/kg/day. Anesthesiawas evident at the highest dose, but as in the 14-
day study, full recovery occurred in two hours. There was a significant decreasein final body
weight of females only at the highest level of treatment. The diarrhea seen in the treated animals
was considered to be the consequence of the bolus dosing regime. In femalerats, there were
significantly increased heart weights at 900 mg/kg/day and increases in relative kidney weights at
300, 900, and 1,200 mg/kg/day. In male rats, increases were noted only at the two highest
treatment levels. BUN levels were significantly reduced in both males and females at all MTBE
doses. Reductions in serum calcium and creatinine were observed in males and a reduction in
cholesterol in females was reported, but there were no clear dose-dependent results. Based on the
alterations in kidney weights, aNOAEL and LOAEL of 100 and 300 mg/kg/day, respectively, are
identified from this study (Robinson et al. 1990).

The subchronic data from the study by Robinson et al. (1990) were proposed by U.S. EPA
(1996a) to develop adraft RfD and adraft Drinking Water Equivalent Level (DWEL) for kidney
effectsfrom MTBE. Theincrease in kidney weights at doses of 300 mg/kg/day and higher was
considered to be an adverse effect, since increases in organ weights are a marker for adverse
organ effects (Weil 1970). The diarrhea observed was considered to be a gastrointestinal
complication of the gavage dosing. Based on the NOAEL of 100 mg/kg/day, a DWEL for kidney
effects of 3,500 ppb can be derived for a 70 kg male adult with two liters (L) of daily water
consumption (DWC), using an uncertainty factor of 1,000. The uncertainty factor reflectsa 10
for the less-than-lifetime duration of the study, a 10 for interspecies variability, and a 10 for
intraspecies variability. Using an additional uncertainty factor of 10 for potential carcinogenicity
and a 20% default relative source contribution (RSC), U.S.EPA (1996a) drafted a lifetime Health
Advisory (HA) of 70 ppb or 70 ng/L. Details of the equation and calculation of the HA are
described later in the chapter on the calculation of the PHG.

Genetic Toxicity

The results of genetic toxicity studies for MTBE were generally negative; however, positive
results have been reported in one in vitro test system in studies that included information on
mechanisms of action, and in onein vivo test system . Asdetailed later in this section, MTBE
was not mutagenic in bacteria and tissue culture gene mutation assays, a sister chromatid
exchange assay, a Drosophila sex-linked recessive lethal test, in vitro and in vivo chromosomal
aberration assays, in vivo and in vitro unscheduled DNA synthesis assays, an in vivo DNA repair
assay, an in vivo cytotoxicity assay, and in vitro and in vivo micronucleus assays. The only
positive in vitro genotoxicity test was for forward mutations in the mouse lymphoma assay with
exogenous activation (ARCO 1980, Mackerer et al. 1996) and Mackerer et al. (1996) suggested
that HCHO was the metabolite responsible for mutagenic activity in the assay (Garnier et al.
1993). The only positive in vivo genotoxicity test was for DNA strand breaksin the rat
lymphocyte comet assay (Lee et al. 1998). ATSDR (1996) indicated that MTBE hasllittle or no
genotoxic activity. However, the positive results in the mouse lymphoma and rat lymphocyte
assays indicate that the genetic toxicity of MTBE needs to be investigated further.

MTBE was negative in the Ames in vitro assay for reverse mutation in Salmonella typhimurium
strains TA1535, TA1537, TA1538, TA98, and TA100 in the absence or presence of metabolic
activation (ARCO 1980, Cinelli et a. 1992, Life Science Research Roma Toxicology Centre
S.P.A.1989a). Since MTBE isvolatile, aclosed system was used in arecent microsuspension
assay (Kado et al. 1998), and negative results were observed even though some elevated revertant
values were seen with TA100 and TA104. MTBE produced no evidence of a dose-related
increase for sister chromatid exchange (ARCO 1980), for gene mutation in Chinese
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hamster V79 cells (Life Science Research Roma Toxicology Centre S.P.A. 1989b) and for in
vitro unscheduled DNA synthesisin primary rat hepatocytes (Life Science Research Roma
Toxicology Centre S.P.A. 1989c, Vergnes and Chun 1994). It was negative for micronuclei
formation in erythrocytes (Vergnes and Kintigh 1993).

The only in vitro test system in which MTBE has tested positive is the activated mouse
lymphoma forward mutation assay (ARCO 1980, Mackerer et a. 1996). TBA, one of MTBE's
major metabolites, was negative in this assay (McGregor et a. 1988). MTBE was positive for
forward mutations in mouse lymphoma L5178Y tk*/tk” cellsin the presence, but not the absence,
of metabolic activation (ARCO 1980, Stoneybrook Labs. Inc. 1993). HCHO, another one of
MTBE's metabolites, is genotoxic, causing both gene mutations and chromosomal damage in the
presence of exogenous metabolic activation systems. HCHO is aso a known carcinogen causing
nasal tumorsin rodents when inhaled at high concentrations, and may also cause nasopharyngeal
tumorsin humans viainhalation. Work by Mackerer et al. (1996) suggested that HCHO was the
MTBE metabolite responsible for mutagenic activity in the activated mouse lymphoma forward
mutation assay. Additional studies from this laboratory demonstrated that the HCHO was
produced from in vitro metabolism of MTBE in this assay system (Garnier et al. 1993).

MTBE was assessed for itsin vivo mutagenic potential (McKee et al. 1997). It was negativein
the sex-linked recessive lethal assay in Drosophila melanogaster (Sernau 1989). It was negative
for chromosomal aberrationsin Fischer 344 rats exposed viainhalation (Vergnes and Morabit
1989), in Sprague-Dawley rats (ARCO 1980) and CD-1 mice (Ward et al. 1994) exposed orally.
It was negative for hypoxanthine-guanine phosphoribosyl transferase (hprt) mutant frequency
increase in spleen lymphocytes of CD-1 mice exposed orally for six weeks (Ward et al. 1994,
1995), for micronuclel formation in bone marrow in mice exposed viainhalation (Vergnes and
Kintigh 1993) or viai.p. injection (Kado et al. 1998), for in vivo DNA repair increase in cultured
primary hepatocytes of CD-1 mice exposed viainhalation (Vergnes and Chun 1994) and for anin
Vivo cytotoxicity assay in rats exposed viainhalation (Vergnes and Morabit 1989).

The only in vivo test system in which MTBE has tested positive is the rat lymphocyte comet
assay, as reported in arecent meeting abstract (Lee et al. 1998). Rats were treated with MTBE
by gavage, and lymphocytes assessed for akaline-labile strand breaks. A significant increasein
DNA strand breaks was reported for the highest dose group. Anincrease in apoptotic comets
was also observed in lymphocytes from exposed rats, but this result was not statistically
significant for any one dose group.

MTBE isvolatile and water-soluble. Given the technical difficulties associated with testing
volatile chemicalsin bacterial and cultured cell systems, it is possible that careful delivery to
genetic materials may have yielded data on reasons for the relative lack of genotoxic activity of
MTBE invitro (Mackerer et al. 1996, Kado et al. 1998). Additionally, thein vivo test systems
used to test MTBE were primarily chromosomal damage assays, with two exceptions being the
spleen lymphocyte hprt mutation assay (Ward et a. 1994) and the in vivo-in vitro mouse
hepatocyte unscheduled DNA synthesis assay (Vergnes and Chun 1994). Only onein vivo assay
system, the hprt mutation assay, had the potential to detect gene mutations, and it is relatively
insensitive in detecting genotoxic chemicals with known fal se negatives. 1n vivo genotoxicity
and metabolism datais not available for anumber of the organ systems such asrat kidney, testis,
and spleen and bone marrow, which devel oped tumors in carcinogenicity bioassays.

Developmental and Reproductive Toxicity

No human studies relevant to MTBE reproductive and devel opmental toxicity were located.
There are alimited number of animal developmental and reproductive toxicity studies, al using
the inhal ation route of exposure, as listed bel ow:
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one developmental toxicity study in rats exposed to 250 to 2,500 ppm for six hours per day on
gestation days (gd) six to 15 (Conaway et al. 1985, Bio/dynamics, Inc. 1984a),

two developmental toxicity studiesin mice exposed to 250 to 2,500 ppm for six hours per day
on gestation days six to 15 (Conaway et a. 1985, Bio/dynamics, Inc. 1984b), or to 1,000 to
8,000 ppm for six hours per day on gestation days six to 15 (Bevan et al. 1997b, Tyl and
Neeper-Bradley 1989),

one developmental toxicity study in rabbits exposed to 1,000 to 8,000 ppm for six hours per
day on gestation days six to 18 (Bevan et al. 1997b, Tyl 1989),

one single generation reproductive toxicity study in rats exposed to 300 to 3,400 ppm (Biles
et al. 1987),

one two-generation reproductive toxicity study in rats exposed to 400 to 8,000 ppm (Bevan et
al. 1997a, Neeper-Bradley 1991).

Study designs and results are outlined in Table 6. Some information on reproductive organs can
also be obtained from subchronic and chronic toxicity studies (also outlined in Table 6), and
there are afew recent studies of possible endocrine effects.

While no effects on fertility endpoints were reported, these studies provide evidence for adverse
effects of MTBE on development. Reduced fetal weight and increased frequency of fetal
skeletal variations were reported in mice after MTBE exposure during organogenesis, with a
NOAEL of 1,000 ppm (Bevan et al. 1997b, Tyl and Neeper-Bradley 1989). Also, in the rat two-
generation study, increased postnatal death and decreased postnatal weights were found; the
NOAEL was 400 ppm MTBE (Bevan et a. 1997a). A provisiona RfC of 173 ppm (48 mg/m?®)
has been derived using U.S. EPA risk assessment methodology (Sonawane 1994) on the basis of
developmental toxicity that occurred in the two-generation rat study (Bevan et al. 1997a, Neeper-
Bradley 1991). Additionally, a projected no-effect-concentration in drinking water for humans
of 2.31t0 9.2 mg/L has been derived by U.S. EPA (19974) based on arange of NOAELSs (250 to
1,000 ppm) in the two developmental toxicity studiesin mice. The NSTC (1997) report stated
that "MTBE is not expected to pose a reproductive or developmental hazard under the
intermittent, low-level exposure experienced by humans'.

The developmental and reproductive toxicity studies were of good quality, and generally
conformed to U.S. EPA testing g