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Disclaimer
This document is designed to provide technical background information for the
regulatory determinations being made on the second drinking water Contaminant Candidate List
(CCL 2).
This document is not a regulation itself, and it does not substitute for the Safe Drinking
Water Act (SDWA) or the Environmental Protection Agency’s (EPA’s) regulations. Mention of
trade names or commercial products does not constitute endorsement or recommendation for use.
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Executive Summary
This document provides background information to support the Environmental Protection
Agency’s (EPA) regulatory determinations for drinking water contaminants on the second
Contaminant Candidate List (CCL 2). The final regulatory determinations are presented
formally in the Federal Register. This report itself does not constitute regulation.
This regulatory support document is divided into three Parts and fourteen Chapters.
Because EPA understands that members of the public with varied concerns might be more
interested in certain contaminants and less interested in others, the document is designed in such
a way that individual chapters are more or less self-contained and can be distributed separately.
Part I, which includes the first two Chapters, provides preliminary information. Chapter
1 is an introduction to the CCL and regulatory determination process. Chapter 2 provides
general information on the most important sources of data used to evaluate contaminants.
Chapters 3 through 11, in Part II, discuss eleven of the 51 CCL 2 contaminants for which
EPA is making a regulatory determination. These contaminants are: boron, dimethyl
tetrachloroterephthalate (DCPA) mono- and di-acid degradates, 1,1-dichloro-2,2-bis(pchlorophenyl)ethylene (DDE), 1,3-dichloropropene, 2,4- and 2,6-dinitrotoluene, s-ethyl
dipropylthiocarbamate (EPTC), fonofos, terbacil, and 1,1,2,2,-tetrachloroethane. Each chapter
includes information on contaminant properties and sources, environmental fate and behavior,
health effects, use and environmental release, known occurrence in ambient water and drinking
water, and available analytical methods and treatment technologies. For each of these
contaminants, EPA has made a determination that in light of available data, a national primary
drinking water regulation (NPDWR) is not warranted. Those decisions are presented formally in
the Federal Register. In some cases, EPA intends to update existing Health Advisories and/or
provide guidance to states that face local contamination problems.
EPA has not made final regulatory determinations for the remaining CCL 2
contaminants. Because EPA understands that members of the public may have a particular
interest in other CCL 2 contaminants, Chapters 12 through 14, in Part III, discuss the status of
EPA’s evaluation of metolachlor, methyl tert-butyl ether (MTBE), and several microbiological
contaminants. EPA is not precluded from making regulatory determinations on any of these
contaminants before the next round of formal CCL regulatory determinations. EPA anticipates
developing a regulatory support document for perchlorate when the Agency develops its
regulatory determination for this compound.
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Introduction

1.1 Purpose and Scope
The 1996 Safe Drinking Water Act (SDWA) Amendments (section 1412(b)(1)) direct
EPA to publish a list of currently unregulated contaminants that may pose risks for drinking
water (referred to as the Contaminant Candidate List, or CCL) and to make determinations on
whether to regulate at least five contaminants from the CCL with a national primary drinking
water regulation (NPDWR). This regulatory determination support document provides:
(1) a summary of the statutory requirements and previous activities related to the
contaminant candidate list and regulatory determinations,
(2) the approach used to identify and evaluate contaminants for the Agency’s second
round of regulatory determinations,
(3) information and data on the physical and chemical properties, use and environmental
release, environmental fate, potential health effects, and occurrence and exposure
estimates for each of the 11 contaminants that the Agency evaluated,
(4) the final determination for each of the 11 contaminant candidates, and
(5) the Agency’s rationale for its regulatory determination for these 11 contaminants.
The 11 regulatory determination candidates discussed in this document include boron,
the dacthal mono- and di-acid degradates, 1,1-dichloro-2,2-bis(p-chlorophenyl)ethylene (DDE),
1,3-dichloropropene, 2,4-dinitrotoluene, 2,6-dinitrotoluene, s-ethyl dipropylthiocarbamate
(EPTC), fonofos, terbacil, and 1,1,2,2-tetrachloroethane.
Additionally, this support document includes information and data on several
contaminants for which no regulatory determination has been made at this time. These include
metolachlor, methyl tertiary-butyl ether (MTBE), and nine microbial contaminants.

1.2 Background on the CCL and Regulatory Determinations
1.2.1

Statutory Requirements for CCL and Regulatory Determinations

The specific statutory requirements for the CCL and regulatory determinations can be
found in SDWA Section 1412(b)(1). The 1996 SDWA Amendments require EPA to publish the
CCL every five years. The CCL is a list of contaminants that are not subject to any proposed or
promulgated NPDWRs, are known or anticipated to occur in public water systems (PWSs), and
may require regulation under SDWA. The 1996 SDWA Amendments also direct EPA to
determine whether to regulate at least five contaminants from the CCL every five years. SDWA
requires EPA to publish a Maximum Contaminant Level Goal 1 (MCLG) and promulgate an
NPDWR 2 for a contaminant if the Administrator determines that:
1

The MCLG is the "maximum level of a contaminant in drinking water at which no known or anticipated adverse
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(a) the contaminant may have an adverse effect on the health of persons;
(b) the contaminant is known to occur or there is substantial likelihood that the
contaminant will occur in PWSs with a frequency and at levels of public health
concern; and
(c) in the sole judgment of the Administrator, regulation of such contaminant presents a
meaningful opportunity for health risk reduction for persons served by PWSs.
If EPA determines that all three of these statutory criteria are met, it makes a
determination that an NPDWR is needed. In that case, the Agency has 24 months to publish a
proposed MCLG and NPDWR. After the proposal, the Agency has 18 months to publish a final
MCLG and promulgate a final NPDWR (SDWA section 1412(b)(1)(E)). 3
1.2.2

The First Contaminant Candidate List (CCL 1)

Following the 1996 SDWA Amendments, EPA sought input from the National Drinking
Water Advisory Council (NDWAC) on the process that should be used to identify contaminants
for inclusion on the CCL. For chemical contaminants, the Agency developed screening and
evaluation criteria based on recommendations from NDWAC. For microbiological
contaminants, NDWAC recommended that the Agency seek external expertise to identify and
select potential waterborne pathogens. As a result, the Agency convened a workshop of
microbiologists and public health experts who developed criteria for screening and evaluation
and subsequently developed an initial list of potential microbiological contaminants.
The first CCL process benefited from considerable input from the NDWAC, the scientific
community, and the public through stakeholder meetings and the public comments received on
the draft CCL published on October 6, 1997 (62 FR 52193). EPA published the final CCL,
which contained 50 chemical and 10 microbiological contaminants, on March 2, 1998 (63 FR
10273). A more detailed discussion of how EPA developed CCL 1 can be found in the 1997 and
the 1998 Federal Register notices (62 FR 52193 and 63 FR 10273).
1.2.3

The Regulatory Determinations for CCL 1

EPA published its preliminary regulatory determinations for a subset of contaminants
listed on CCL 1 on June 3, 2002 (67 FR 38222). The Agency published its final regulatory
determinations on July 18, 2003 (68 FR 42898). EPA identified 9 contaminants from the 60
contaminants listed on CCL 1 that had sufficient data and information available to make
regulatory determinations. The nine contaminants were Acanthamoeba, aldrin, dieldrin,
hexachlorobutadiene, manganese, metribuzin, naphthalene, sodium, and sulfate. The Agency

effect on the health of persons would occur, and which allows an adequate margin of safety. Maximum contaminant
level goals are nonenforceable health goals." (CFR 141.2)
2

An NPDWR is a legally enforceable standard that applies to PWSs. An NPDWR sets a legal limit (called a
maximum contaminant level or MCL) or specifies a certain treatment technique (TT) for public water systems for a
specific contaminant or group of contaminants.

3

The statute authorizes a nine month extension of this promulgation date.
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determined that an NPDWR was not necessary for any of these nine contaminants. The Agency
issued guidance on Acanthamoeba and health advisories for magnesium, sodium, and sulfate.
The decision-making process that EPA used to make its regulatory determinations for
CCL 1 was based on substantial expert input and recommendations from different groups
including stakeholders, the National Research Council (NRC), and NDWAC. In June 2002,
EPA consulted with the Science Advisory Board (SAB) Drinking Water Committee and
requested its review and comment on whether the protocol EPA developed, based on the
NDWAC recommendations, was consistently applied and appropriately documented. SAB
provided verbal feedback regarding the use of the NRC and NDWAC recommendations in
EPA’s decision criteria for making its regulatory determinations. SAB recommended that the
Agency provide a transparent and clear explanation of the process for making regulatory
determinations. The Agency took SAB’s recommendation into consideration and further
explained the CCL 1 regulatory determination evaluation process in the July 18, 2003 (68 FR
42898) notice and in the supporting documentation.
EPA has used the same approach for the present round of regulatory determinations.
While this document includes a short description of the decision process used to make regulatory
determinations (see section 1.3, below), a more detailed discussion can be found in the 2002 and
the 2003 Federal Register notices (67 FR 38222 and 68 FR 42898).
1.2.4

The Second Contaminant Candidate List (CCL 2)

The Agency published its draft CCL 2 Federal Register notice on April 2, 2004 (69 FR
17406) and the final CCL 2 Federal Register notice on February 24, 2005 (70 FR 9071). The
CCL 2 carried forward the 51 remaining chemical and microbial contaminants that were listed
on CCL 1.
1.2.5

The Regulatory Determinations for CCL 2

The Agency published its preliminary regulatory determinations for contaminants listed on
the CCL 2 Federal Register notice on May 1, 2007 (72 FR 24106). In the May 1, 2007 notice,
EPA made preliminary determinations for 11 of the 51 contaminants listed on the CCL 2. As
discussed in the following sections, EPA is finalizing the determinations for 11 of 51
contaminants listed on CCL 2.

1.3 Summary of the Approach Used to Identify and Evaluate Candidates for
Regulatory Determination 2
Exhibit 1-1 provides a brief overview of the process EPA used to identify which CCL 2
contaminants are candidates for regulatory determinations and the SDWA statutory criteria
considered in making the regulatory determinations.

1-11

EPA – OGWDW

Regulatory Determinations Support Document for CCL 2

June 2008

Exhibit 1-1: General Overview of the Approach Used to Evaluate CCL 2
Contaminants for Regulatory Determinations

A vailab ility of S ufficient Inform ation

R egu latory D eterm in ation

C ontam inant from C C L 2
Potential C andidates
for R egulatory
D eterm ination
(at least five)

Y es to
both
1 - Is an A gency -approved assessm ent
available to determ ine w hether potential
adverse health effect(s) exist and a
potential health reference level (H R L )?

T hree criteria (SD W A 1412(b)(2)(B )(ii):
• Potential adverse hum an health effect?
• K now n/likely to occur at a level and
frequency of concern in PW Ss?
• R egulation presents a m eaningful
opportunity for health risk reduction?

2 - A re data available to evaluate and
give a generally representative idea of
know n or likely occurrence in public
w ater system s (PW Ss) in the U S?
N o to either

Y es to
all three

N ot appropriate to consider
for R egulatory D eterm ination
at this tim e. Identify data gaps,
further data collection and/or
research needs.

C onsider for
regulation

N o to any

N ot appropriate
for regulation

Publish F R notice w ith prelim inary
determ inations and rationale for the decisions.

In identifying which CCL 2 contaminants are candidates for regulatory determinations,
the Agency considered whether sufficient information and/or data were available to characterize
the potential health effects and the known/likely occurrence in and exposure from drinking
water. For health effects, the Agency considered whether an Agency-approved health risk
assessment 4 was available to identify any potential adverse health effect(s) and derive an
estimated level at which no adverse health effect(s) are likely to occur. For occurrence, the
Agency considered whether available information/data provided a representative picture of
known and/or likely occurrence in PWSs. If sufficient information/data were available to
characterize adverse human health effects and known/likely occurrence in PWSs, the Agency
identified the contaminant as a potential candidate for regulatory determinations. In addition to
4

Health information used for the regulatory determinations process includes but is not limited to health assessments
available from the Agency’s Integrated Risk Information System (IRIS), the Agency’s Office of Pesticide Programs
(OPP) in a Reregistration Eligibility Decision (RED), the National Academy of Sciences (NAS), and/or the Agency
for Toxic Substances and Disease Registry (ATSDR).
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information/data for health and occurrence, EPA also considered the availability and adequacy
of analytical methods (for monitoring) and treatment.
In cases where EPA chose a contaminant as a candidate for regulatory determination, the
Agency considered the following in evaluating each of the three statutory criteria (listed above,
in section 1.2.1).
For the current regulatory determination process, the Agency considered the following in
evaluating each of the three statutory criteria.
(1)

First statutory criterion - Is the contaminant likely to cause an adverse effect on the health
of persons? The Agency evaluated the best available, peer-reviewed assessments and
studies to characterize the human health effects that may result from exposure to the
contaminant when found in drinking water. Based on this characterization, the Agency
estimated a health reference level (HRL) for each contaminant. Section 2.1 provides
more detailed information about the approach used to evaluate and analyze the health
information.

(2)

Second statutory criterion - Is the contaminant known or likely to occur in PWSs at a
frequency and level of public health concern? To evaluate known occurrence in PWSs,
the Agency compiled, screened, and analyzed data from several occurrence data sets to
develop representative occurrence estimates for public drinking water systems. EPA
used the HRL estimates for each contaminant as a benchmark against which to conduct
an initial evaluation or screening of the occurrence data. For each contaminant, EPA
estimated the number of PWSs (and the population served by these PWSs) with
detections greater than one-half the HRL (> ½ HRL) and greater than the HRL (> HRL).
To further evaluate the likelihood of a contaminant occurring in drinking water, the
Agency considered information on the use and release of the contaminant into the
environment and supplemental information on occurrence in water (e.g. ambient water
quality data, State ambient or finished water data, and/or special studies performed by
other agencies, organizations, and/or entities). Section 2.2 provides more details on the
approach used to analyze the occurrence information/data.

(3)

Third statutory criterion - In the sole judgment of the Administrator, does regulation of
the contaminant present a meaningful opportunity for health risk reduction for persons
served by PWSs? EPA evaluated the potential health effects and the results of the
occurrence estimates, as well as exposure estimates (i.e., the population exposed and the
sources of exposure) at the health level of concern to determine if regulation presents a
meaningful opportunity for health risk reduction.

If the answers to all three statutory criteria are affirmative for a particular contaminant,
then the Agency makes a determination that regulation is necessary and proceeds to develop an
MCLG and an NPDWR for that contaminant. It should be noted that this regulatory
determination process is distinct from the more detailed analyses needed to develop an NPDWR.
Thus, a decision to regulate is the beginning of the Agency regulatory development process, not
the end.
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If the answer to any of the three statutory criteria is negative based on the available data,
then the Agency makes a determination that an NPDWR is not necessary for that contaminant at
that time.

1.4 Summary of Regulatory Determinations
In a May 1, 2007 FR notice, EPA made preliminary determinations that no regulatory
actions are appropriate for the 11 contaminants evaluated for this second round of regulatory
determinations. EPA is making regulatory determinations only on those CCL 2 contaminants
that have sufficient information to support such a determination at this time. These 11
contaminants are discussed in detail in Chapters 3 through 11 in Part II of this regulatory
determination support document.
In addition, the Agency is evaluating the remaining contaminants on CCL 2 as part of the
new CCL 3 classification process. The new process is an expanded comprehensive system that
evaluates a wider range of existing information, including data published after the CCL 2
preliminary regulatory determinations. EPA anticipates determining future research needs once
the CCL 3 is finalized. However, some of the remaining contaminants are discussed in Chapters
12 through 14 in Part III of this document. The Agency is not precluded from taking action
when information becomes available and will not necessarily wait until the end of the next
regulatory determination cycle before making other regulatory determinations.
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Evaluation of Health and Occurrence Data

2.1 Evaluation of Adverse Health Effects
Section 1412(b)(1)(A)(i) of the Safe Drinking Water Act (SDWA) requires the
Environmental Protection Agency (EPA) to determine whether each candidate contaminant may
have an adverse effect on public health. This section describes the overall process the Agency
used to evaluate health effects information, the approach used to estimate a contaminant health
reference level or HRL (a benchmark against which to conduct the initial evaluation of the
occurrence data), and the approach used to identify and evaluate information on hazard and
dose-response for the contaminants under consideration. More specific information about the
potential for adverse health effects for each contaminant is included in Part II of this document
(“CCL 2 Contaminants Undergoing Regulatory Determination”).
There are two different approaches to the derivation of an HRL. One approach is used
for chemicals that cause cancer and exhibit a linear response to dose. The other applies to
noncarcinogens and carcinogens evaluated using a non-linear approach.
2.1.1

Use of Carcinogenicity Data for the Derivation of a Health Reference Level

For those contaminants considered to be likely or probable human carcinogens, EPA
evaluated data on the mode of action of the chemical to determine the method of low dose
extrapolation. When this analysis indicates that a linear low dose extrapolation is appropriate or
when data on the mode of action are lacking, EPA uses a low dose linear extrapolation to
calculate risk-specific doses. The risk-specific doses are the estimated oral exposures associated
with lifetime excess risk levels that range from one cancer in ten thousand (10-4) to one cancer in
a million (10-6). The risk-specific doses (expressed as mg/kg of body weight per day) are
combined with adult body weight and drinking water consumption data to estimate drinking
water concentrations corresponding to this risk range. EPA generally used the one-in-a-million
(10-6) cancer risk in the initial screening of the occurrence data for carcinogens evaluated using
linear low dose extrapolation. Five of the eleven contaminants undergoing regulatory
determination had data available to classify them as likely or probable human carcinogens.
These five are also the only contaminants for which low dose linear extrapolations were
performed. These five are p,p-dichlorodiphenyldichloroethylene (DDE), 1,3-dichloropropene
(1,3-DCP or Telone), 2,4-dinitrotoluene, 2,6-dinitrotoluene, and 1,1,2,2-tetrachloroethane. The
remaining six contaminants have not been identified as known, or likely, or probable
carcinogens.
2.1.2

Use of Non-carcinogenic Health Effects Data for Derivation of an HRL

For those chemicals not considered to be carcinogenic to humans, EPA generally
calculates a reference dose (RfD). A RfD is an estimate of a daily oral exposure to the human
population (including sensitive subgroups) that is likely to be without an appreciable risk of
deleterious effects during a lifetime. It can be derived from either a “no-observed-adverse-effect
level” (NOAEL), a “lowest-observed-adverse-effect level” (LOAEL), or a benchmark dose, with
uncertainty factors applied to reflect limitations of the data used.
2-9
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The Agency uses uncertainty factors (UFs) to address uncertainty resulting from
incompleteness of the toxicological database. The individual UFs (usually applied as integers of
one, three, or ten) are multiplied together and used to derive the RfD from experimental data.
Individual UFs are intended to account for:
(1) the variation in sensitivity among the members of the human population (i.e.,
intraspecies variability);
(2) the uncertainty in extrapolating animal data to humans (i.e., interspecies variability);
(3) the uncertainty in extrapolating from data obtained in a study with less-than-lifetime
exposure to lifetime exposure (i.e., extrapolating from subchronic to chronic exposure);
(4) the uncertainty in extrapolating from a LOAEL rather than from a NOAEL; and/or
(5) the uncertainty associated with an incomplete database.
For boron, the dacthal (dimethyl tetrachloroterephthalate or DCPA) mono- and di-acid
degradates, s-ethyl dipropylthiocarbamate (EPTC), fonofos, and terbacil, EPA derived the HRLs
using the RfD approach as follows:
HRL = [(RfD x BW)/DWI] x RSC
Where:
RfD = Reference Dose
BW = Body Weight for an adult, assumed to be 70 kilograms (kg)
DWI = Drinking Water Intake, assumed to be 2 L/day (90th percentile)
RSC = Relative Source Contribution, or the level of exposure believed to result from
drinking water when compared to other sources (e.g., food, ambient air).
A 20 percent RSC is being used to estimate the HRL and screen the occurrence data
because it is the lowest and most conservative RSC used in the derivation of a maximum
contaminant level goal (MCLG) for drinking water. For each of the six aforementioned noncarcinogenic compounds for which the Agency has made a regulatory determination, EPA used
the RfD in conjunction with a 20 percent RSC to derive a conservative HRL estimate and
perform an initial screening of the drinking water occurrence data. Since the initial screening of
the occurrence data at this conservative HRL value resulted in a negative determination for each
of these 6 compounds, the Agency determined that it was not necessary to further evaluate the
RSC in making the regulatory determination.
As discussed in Chapter 4, the HRL for the two DCPA degradates is based on the HRL
value derived for the parent compound following the guidance provided by the EPA’s Office of
Pesticide Programs (OPP).
2.1.3

Sources of Data/Information for Health Effects

EPA used the best available peer-reviewed data and analyses in evaluating adverse health
effects. Peer-reviewed health-risk assessments were available for all chemicals considered for
regulatory determinations from the Agency’s Integrated Risk Information System (IRIS)
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Program 1 and/or the OPP Reregistration Eligibility Decisions (RED) 2 . Exhibit 2-1 summarizes
the sources of the health assessment data for each chemical under regulatory determination
consideration. The Agency performed a literature search for studies published after the IRIS or
OPP health-risk assessment was completed to determine if new information suggested a different
outcome. The Agency collected and evaluated any peer-reviewed publications identified
through the literature search for their impact on the RfD and/or cancer assessment. In cases
where the recent data indicated that a change to the existing RfD or cancer assessment was
needed, the updated OW assessment, as described in the health effects support document, was
independently peer-reviewed. All quantitative cancer assessments conducted under the
Guidelines for Carcinogen Risk Assessment (USEPA, 1986) were updated using the Guidelines
for Carcinogen Risk Assessment (USEPA, 1999) as directed in the November 2001 (66 FR
59593) Federal Register notice (USEPA, 2001a).
In March 2005, EPA updated and finalized the Cancer Guidelines and a Supplementary
Children’s Guidance, which include new considerations for mode of action and added guidelines
related to potential risks due to early childhood exposure (USEPA, 2005a; USEPA, 2005b).
EPA updated the earlier assessments (based on the 1986 Guidelines) for DDE, the
dinitrotoluenes (2,4 and 2,6 as a mixture), and 1,1,2,2-tetrachloroethane following the 1999
Guidelines. None of these chemicals have been determined to have a mutagenic mode of action,
which would require an extra factor of safety for children’s health protection. Therefore,
conducting the cancer evaluation using the 2005 Cancer Guidelines would not result in any
change from the assessment updated following the 1999 Guidelines.
The cancer assessment for 1,3-dichloropropene was done by OPP and IRIS (USEPA,
1998 and 2000a) under the Proposed Guidelines for Carcinogen Risk Assessment (61 FR
17960). The Administrator (USEPA, 2005c) has directed that current completed assessments
can be considered to be scientifically sound based on the guidance used when the assessment
was completed until a new assessment is performed by one of the responsible program offices.

1

IRIS is an electronic EPA data base (www.epa.gov/iris/index.html) containing peer-reviewed information on
human health effects that may result from exposure to various chemicals in the environment. These chemical files
contain descriptive and quantitative information on hazard identification and dose response, RfDs for chronic
noncarcinogenic health effects, as well as slope factors and unit risks for carcinogenic effects.

2

The OPP is required under the Federal Insecticide Fungicide and Rodenticide Act (FIFRA) to review all pesticides
registered prior to 1984 and determine whether to reregister them for continued use. The results of the reregistration
analysis are included in the REDs. Copies of the REDs are located at the following web site:
http://cfpub.epa.gov/oppref/rereg/status.cfm?show=rereg.
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Exhibit 2-1: Sources and Dates of EPA Health Risk Assessments
Chemical

IRIS

Date

OPP RED

Date

Boron

X

2004

---

---

Dacthal and its mono- and di-acid
degradates

X

1994

X

1998

1,3-Dichloropropene

X

2000

X

1998

DDE

X

1988

---

---

2,4-Dinitrotoluene

X

1990/1992

---

---

2,6-Dinitrotoluene

X*

1990

---

---

EPTC

X

1990

X

1999

Fonofos

X

1991

X**

1996

Terbacil

X

1989

X

1998

1,1,2,2-Tetrachloroethane

X

1986

---

---

* Applies to a mixture of 98 percent 2,4-dinitrotoluene and 2 percent 2,6-dinitrotoluene
** Health Risk Assessment; RED not completed due to pesticide cancellation.

EPA has prepared several technical health effects support documents 3 for the
contaminants considered for this round of regulatory determinations. These documents address
the exposure from drinking water and other media, toxicokinetics, hazard identification, and
dose-response assessment, and provide an overall characterization of risk from drinking water.

3

The health support documents include the following documents: Health Effects Support Document for Boron
(EPA-822-R-06-005), Health Effects Support Document for Dacthal Degradates: Tetrachloroterephthalic Acid
(TPA) and Monomethyl Tetrachloroterephthalic Acid (MTP) (EPA-822-R-06-006), Health Effects Support
Document for 1,1-Dichloro-2,2-bis(p-chlorophenyl)ethylene (DDE) (EPA-822-R-06-007), Health Effects Support
Document for S-Ethyl dipropylthiocarbamate (EPTC) (EPA-822-R-06-008), Health Effects Support Document for
Fonofos (EPA-822-R-06-009), Health Effects Support Document for Terbacil (EPA-822-R-06-010), Health Effects
Support Document for 1,3-Dichloropropene (EPA-822-R-06-011), Health Effects Support Document for 1,1,2,2Tetrachloroethane (EPA-822-R-06-012), and Health Advisory for 2,4- and 2,6-Dinitrotoluene (EPA-822-R-06-017).
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2.2 Evaluation of Contaminant Occurrence and Exposure
EPA used data from several sources to evaluate occurrence and exposure for the 11
contaminants considered in these regulatory determinations. The major or primary sources of
the drinking water occurrence data used to support these determinations include the following
sources:
•
•
•

the First Unregulated Contaminant Monitoring Regulation (UCMR 1),
the Unregulated Contaminant Monitoring (UCM) program, and
the National Inorganics and Radionuclides Survey (NIRS).

All three are national assessments that were administered or overseen by EPA. General
background and methodological information for each of these sources is summarized in Section
2.2.1 below.
In addition to these primary sources of occurrence data, the Agency also evaluated
supplemental sources of information on contaminant use and release, occurrence in ambient
water, and occurrence in drinking water. These are mostly national assessments by federal
agencies such as EPA and the United States Geological Survey (USGS), but they also include
regional- and State-level surveys and some research performed by private institutions. Section
2.2.2 provides brief summary descriptions of some of the most important supplemental sources
of occurrence information and/or data. A summary of the occurrence data and the results or
findings for each of the 11 contaminants considered for regulatory determination is presented in
Part II (“CCL 2 Contaminants Undergoing Regulatory Determination”).
2.2.1

Primary Data Sources

As previously mentioned, the primary sources of the drinking water occurrence data used
to support the regulatory determinations are the UCMR 1, the UCM program, and NIRS.
Exhibit 2-2 lists the primary data sources the Agency used for each of the 11 contaminants
considered for regulatory determinations.
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Exhibit 2-2: Primary Sources of Drinking Water Occurrence Data Used in the
Regulatory Determination Process
Primary Data Sources
UCMR 1

#

UCM

Contaminant
List 1
Assessment
Monitoring

List 2
Screening
Survey

Round 1
Cross
Section

Round 2
Cross
Section

NIRS

X1

1

Boron

2
3

Dacthal mono- and
di-acid degradates

X

4

DDE

X

5

1,3-Dichloropropene

X2

6

2,4-Dinitrotoluene

X

7

2,6-Dinitrotoluene

X

8

EPTC

X

9

Fonofos

10

Terbacil

11

1,1,2,2Tetrachloroethane

X

X

X

X

X
X

1- For boron, EPA also considered the results of a study funded by the American Water Works Association Research Foundation
(AwwaRF) (Frey et al., 2004).
2- 1,3-Dichloropropene was sampled as a UCM Round 1 and 2 analyte but due to sample degradation concerns the contaminant
was re-analyzed using the samples provided by the small systems that participated in the UCMR List 1 Assessment Monitoring.

Occurrence values from the UCMR 1, UCM, and NIRS data sets represent direct counts
of the number and percent of systems, and population served by systems, with at least one
analytical detection above some specified concentration threshold. EPA considered this to be the
most straightforward and accurate way to present these data for the regulatory determination
process.
While both UCMR 1 and UCM data could support more involved statistical modeling to
characterize occurrence based on mean (rather than peak) concentrations, EPA chose not to
perform this step for the regulatory determinations discussed in this document. EPA believes
that presenting the actual results of the occurrence monitoring is straight-forward and the use of
an analysis based on peak concentrations provides conservative estimates of occurrence and
potential exposure from drinking water. Given that the regulatory determinations for the 11
contaminants discussed here are negative, it is not necessary to go beyond the conservative (peak
concentration) approach used for this analysis.
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The following sections provide a brief summary of the data sources and the approach
used to estimate a given contaminant’s occurrence. For a more detailed description of the UCM
program, see USEPA (2000b) and USEPA (2008a). For a more detailed description of NIRS,
please refer to Longtin (1988) and USEPA (2008a). For the UCMR program, please refer to
USEPA (2001b) and USEPA (2008b).
The First Unregulated Contaminant Monitoring Regulation (UCMR 1)
In 1999, EPA developed the UCMR program in coordination with the Contaminant
Candidate List (CCL) and the National Drinking Water Contaminant Occurrence Database
(NCOD) to provide national occurrence information on unregulated contaminants (September
17, 1999, 64 FR 50556; March 2, 2000, 65 FR 11372; and January 11, 2001, 66 FR 2273). EPA
used data from the UCMR 1 program to evaluate occurrence for nine of the eleven contaminants
considered for these regulatory determinations. These nine contaminants include the dacthal
mono- and di-acid degradates, DDE, 1,3-dichloropropene, 2,4-dinitrotoluene, 2,6-dinitrotoluene,
EPTC, fonofos, and terbacil.
EPA designed the UCMR 1 data collection with three parts (or tiers), primarily based on
the availability of analytical methods. Occurrence data for eight of the nine contaminants listed
in the preceding paragraph are from the first tier of UCMR 1 (also known as UCMR 1 List 1
Assessment Monitoring). Occurrence data for fonofos are from the second tier of UCMR 1 (also
known as the UCMR 1 List 2 Screening Survey). EPA has not collected data as part of the third
tier due to the lack of adequate analytical methods.
The UCMR 1 List 1 Assessment Monitoring was performed for a specified number of
chemical contaminants for which analytical methods have been developed. EPA required all
large 4 public water systems (PWSs), plus a statistically representative national sample of 800
small 5 PWSs to conduct Assessment Monitoring. 6 Approximately one-third of the participating
small systems were scheduled to monitor for these contaminants during each calendar year from
2001 through 2003. Large systems could conduct one year of monitoring anytime during the
2001-2003 UCMR 1 period. EPA specified a quarterly monitoring schedule for surface water
systems and a twice-a-year, six-month interval monitoring schedule for ground water systems.
The objective of the UCMR sampling approach for small systems was to collect contaminant
occurrence data from a statistically selected, nationally representative sample of small systems.
The small system sample was stratified and population-weighted, and included some other
sampling adjustments such as ensuring the selection of at least two systems from each State.
With contaminant monitoring data from all large PWSs and a statistical, nationally
representative sample of small PWSs, the UCMR 1 List 1 Assessment Monitoring program
provides a contaminant occurrence data set suitable for national drinking water estimates.
In total, 372,086 sample results have been collected under the UCMR 1 List 1
Assessment Monitoring program at 3,090 large systems and 797 small systems. Approximately
33,800 samples were collected for each contaminant. The UCMR 1 List 1 Monitoring program
4

Systems serving more than 10,000 people.
Systems serving 10,000 people or fewer.
6
Large and small systems that purchase 100% of their water supply were not required to participate in the UCMR 1
Assessment Monitoring or the UCMR 1 Screening Survey.
5
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included systems from all 50 States, the District of Columbia, four U.S. Territories, and Tribal
lands in five EPA Regions. An additional 3,719 samples were collected for 1,3-DCP at all small
systems that conducted UCMR 1 List 1 Assessment Monitoring.
In addition to the UCMR 1 List 1 Assessment Monitoring, EPA required monitoring for
selected contaminants (including fonofos) for which analytical methods were developed but not
widely used. Known as the UCMR 1 List 2 Screening Survey, EPA randomly selected 300
public water systems (120 large and 180 small systems) from the pool of systems required to
conduct UCMR 1 List 1 Assessment Monitoring. In total, 29,765 sample results have been
collected under the UCMR 1 List 2 Screening Survey from the participating large and small
systems. Approximately 2,300 samples were collected for each contaminant. The UCMR 1 List
2 Screening Survey included systems from 48 States, two U.S. Territories, and Tribal lands in
one EPA Region. EPA used the occurrence data from this survey to evaluate fonofos.
EPA analyzed the UCMR 1 List 1 Assessment Monitoring and List 2 Screening Survey
data to generate the following occurrence and exposure summary statistics:
•
•
•

the total number of systems and the total population served by these systems,
the number and percentage of systems with at least one observed detection that has a
concentration greater than 2 the HRL and greater than the HRL (or in some cases greater
than or equal to the minimum reporting level or MRL), and
the number of people and percentage of the population served by systems with at least
one observed detection greater than 2 the HRL and greater than the HRL (or in some
cases greater than or equal to the MRL). 7

The initial UCMR 1 summary occurrence statistics for dacthal mono- and di-acid degradates,
DDE, 1,3-dichloropropene, 2,4-dinitrotoluene, 2,6-dinitrotoluene, EPTC, fonofos, and terbacil
are presented in Part II of this document.
Note that in some cases, for example DDE, 2,4-dinitrotoluene, and 2,6-dinitrotoluene,
only an MRL analysis was performed because the MRL was higher than the HRL. EPA set the
MRL for UCMR contaminants based on the capability of analytical methods, not anticipated
health levels. In the case of volatile organic compounds (VOCs), the MRL was determined by
multiplying by 10 either the published minimum detection limit or 0.5 µg/L, whichever was
greater. For other contaminants, the MRL was determined by multiplying by 10 the least
sensitive method’s minimum detection limit, or, when available, multiplying by 5 the least
sensitive method’s estimated detection limit (USEPA, 2000c). MRLs were set approximately an
order of magnitude higher than detection limits to ensure consistency, accuracy, and
reproducibility of results.

7

Both Part II of this document and EPA’s technical occurrence document (USEPA, 2008b) also provide summary
statistics for the median and 99th percentile concentrations of all analytical detections and detailed occurrence results
based on UCMR data according to source water type (surface versus ground water), system size, and State.
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The Unregulated Contaminant Monitoring (UCM) Program Rounds 1 and 2
In 1987, EPA initiated the UCM program to fulfill a 1986 SDWA Amendment that
required monitoring of specified unregulated contaminants to gather information on their
occurrence in drinking water for future regulatory decision-making purposes. EPA used data
from the UCM program to evaluate occurrence for 2 of the 11 contaminants considered for these
regulatory determination. These two contaminants are 1,3-dichloropropene and 1,1,2,2tetrachloroethane.
EPA implemented the UCM program in two phases or rounds. The first round of UCM
monitoring generally extended from 1988 to 1992 and is referred to as UCM Round 1
monitoring. The second round of UCM monitoring generally extended from 1993 to 1997 and is
referred to as UCM Round 2 monitoring.
UCM Round 1 monitored for 34 VOCs, including 1,3-dichloropropene and 1,1,2,2tetrachloroethane (52 FR 25720, July 8, 1987). UCM Round 2 monitored for 13 synthetic
organic compounds (SOCs) and sulfate, and the same 34 VOCs from UCM Round 1 monitoring
(57 FR 31776, July 17, 1992).
The UCM Round 1 database contains contaminant occurrence data from 38 States,
Washington, DC, and the U.S. Virgin Islands. The UCM Round 2 database contains data from
34 States and several Tribes. Due to incomplete State data sets, national occurrence estimates
based on raw (unedited) UCM Round 1 or Round 2 data could be skewed to low-occurrence or
high-occurrence settings (e.g., some States only reported detections). To address potential biases
in the data 8 , EPA developed national cross-sections from the UCM Round 1 and Round 2 State
data using an approach similar to that used for EPA’s 1999 Chemical Monitoring Reform
(CMR), the first Six Year Review, and the first CCL Regulatory Determinations. This national
cross-section approach was developed to support occurrence analyses and was supported by
scientific peer reviewers and stakeholders. This approach identified 24 of the original 38 States
from the UCM Round 1 database and 20 of the original 34 States from the UCM Round 2 data
base for the national cross-section.
Because UCM Round 1 and Round 2 data represent different time periods and include
occurrence data from different States, EPA developed separate national cross-sections for each
data set. The UCM Round 1 national cross-section consists of data from 24 States, with
approximately 3.3 million total analytical data points from approximately 22,000 unique PWSs.
The UCM Round 2 national cross-section consists of data from 20 States, with approximately
3.7 million analytical data points from slightly more than 27,000 unique PWSs. The UCM
Round 1 and 2 national cross-sections represent significantly large samples of national
occurrence data. Within each cross-section, the actual number of systems and analytical records
for each contaminant varies. The support document “The Analysis of Occurrence Data from the
Unregulated Contaminant Monitoring (UCM) Program and National Inorganics and
Radionuclides Survey (NIRS) in Support of Regulatory Determinations for the Second Drinking
Water Contaminant Candidate List” (USEPA, 2008a) provides a description of how the national
8

The potential biases in the raw UCM data are due to lack of representativeness (since not all States provided UCM
data) and incompleteness (since some States that provided data had incomplete data sets).
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cross-sections for the Round 1 and Round 2 data sets were developed. Additional background
information can be found in USEPA (2000b).
EPA constructed the national cross-sections in a way that provides a balance and range of
States with varying pollution potential indicators, a wide range of the geologic and hydrologic
conditions, and a very large sample of monitoring data points. While EPA recognizes that some
limitations exist, the Agency believes that the national cross-sections do provide a reasonable
estimate of the overall distribution and the central tendency of contaminant occurrence across the
United States. See Exhibit 2-2 for a listing of States in each national cross-section.

Exhibit 2-3: Cross-section States for UCM Round 1 (24 States) and Round 2 (20
States)
Round 1
Alabama
Alaska*
Arizona
California
Florida
Georgia
Hawaii
Illinois
Indiana
Iowa
Kentucky*
Maryland*

Round 2
Minnesota*
Montana
New Jersey
New Mexico*
North Carolina*
Ohio*
South Dakota
Tennessee
Utah
Washington*
West Virginia
Wyoming

Alaska*
Arkansas
Colorado
Kentucky*
Maine
Maryland*
Massachusetts
Michigan
Minnesota*
Missouri

* Cross-section States in both Round 1 and Round 2
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EPA analyzed the UCM Round 1 and 2 National Cross-Section data to generate the
following initial occurrence and exposure summary statistics:
•
•
•

the total number of systems and the total population served by these systems,
the number and percentage of systems with at least one observed detection that has a
concentration greater than ½ the HRL and greater than the HRL (or in some cases greater
than or equal to the MRL), and
the number of people and percentage of the population served by systems with at least
one observed detection that has a concentration greater than ½ the HRL and greater than
the HRL (or in some cases greater than or equal to the MRL). 9

The initial UCM summary occurrence statistics for 1,3-dichloropropene and 1,1,2,2tetrachloroethane are presented in Part II of this document.
National Inorganics and Radionuclides Survey (NIRS)
In the mid-1980’s, EPA conducted the NIRS to provide a statistically representative
sample 10 of the national occurrence of inorganic contaminants in community water systems
(CWSs) served by ground water. EPA used data from NIRS, as well as a supplemental survey,
to evaluate occurrence for boron.
The NIRS database includes 36 radionuclides and inorganic compounds (IOCs),
including boron. The NIRS provides contaminant occurrence data from 989 ground water CWSs
covering 49 States (all except Hawaii) and does not include surface water systems. The survey
focused on ground water systems, in part because IOCs tend to occur more frequently and at
higher concentrations in ground water than in surface water. Each of the 989 randomly selected
CWSs was sampled once between 1984 and 1986.
EPA analyzed the NIRS data to generate the following occurrence and exposure
summary statistics for boron:
•
•
•

the total number of systems and the total population served by these systems,
the number and the percentage of systems with at least one detection that has a
concentration greater than ½ the HRL and greater than the HRL,
the number of people and percentage of the population served by systems with at least
one observed detection that has a concentration greater than ½ the HRL and greater than
the HRL. 11

9

Part II of this document and EPA’s technical occurrence document (USEPA, 2008a) also provide summary
statistics for the median and 99th percentile concentrations of all analytical detections and detailed occurrence results
based on the UCM Round 1 and 2 National Cross-Sections according to source water type (surface versus ground
water), system size, and State.
10
NIRS was designed to provide results that are statistically representative of national occurrence at CWSs using
ground water sources and is stratified based on system size (population served by the system). Most of the NIRS
data are from smaller systems (92 percent from systems serving 3,300 persons or fewer).
11
Part II of this document and EPA’s UCM/NIRS technical occurrence document (USEPA, 2008a) also provide the
number and percentage of systems with detections, the 99th percentile concentration of all samples, the 99th
percentile concentration of samples with detections, and the median concentration of samples with detections.
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Results of the NIRS analyses of boron are reported in Part II, Chapter 3. Because the NIRS data
were collected in a randomly designed sample survey, these summary statistics are
representative of national occurrence in ground water CWSs.
One limitation of the NIRS is a lack of occurrence data for surface water systems. To
provide perspective on the occurrence of boron in surface water systems relative to ground water
systems, EPA reviewed and took into consideration a recent boron occurrence survey funded by
the American Water Works Association Research Foundation (AwwaRF) (Frey et al., 2004). A
short description of the AwwaRF study is provided below in Section 2.2.2, and the results of the
AwwaRF survey are presented in Chapter 3 (the boron chapter).
2.2.2

Supplemental Data Sources

The Agency evaluated several sources of supplemental occurrence information to
augment the primary drinking water occurrence data, to evaluate the likelihood of contaminant
occurrence, and/or to more fully characterize a contaminant’s presence in the environment. This
section provides brief descriptions of many of the supplemental information/data sources cited in
Part II (and Part III) of this document.
National Center for Food and Agricultural Policy (NCFAP) Pesticide Use Database
The National Center for Food and Agricultural Policy (NCFAP), a private non-profit
institution, maintains a national Pesticide Use Database. NCFAP annual pesticide use estimates
for circa 1992 and circa 1997 are based on State-level commercial agriculture usage patterns for
the periods 1990-1993 and 1995-1998, and State-level crop acreage for 1992 and 1997. The
database contains estimates of pounds applied and acres treated in each State for 220 active
ingredients and 87 crops. The majority of the chemicals monitored are herbicides, but the
database also follows significant numbers of fungicides and insecticides (NCFAP, 2000).
The NCFAP database has several limitations. First, the database only includes
applications of pesticides to cropland (foliar, soil, and in furrow applications). Non-cropland
applications, such as uses for homes, greenhouses, livestock, or ornamentals, are not included.
The database does not include non-bearing orchards or vineyards, or governmental Areawide
Eradication programs. Second, in interpreting the NCFAP database, it should be noted that
records are compiled from a wide variety of sources. NCFAP states that there is no way to
determine the accuracy of any of the estimates in the database, adding that some are based on
surveys of farmers, while others are expert opinions from knowledgeable extension service
specialists. When data for particular States and crops are unavailable, as they are in many cases,
values are assigned on the basis of data from a nearby State (NCFAP, 2000).
USGS Pesticide Use Maps
The USGS has produced maps of pesticide use for 208 compounds used in U.S. crop
production. The maps are based on pesticide use rates compiled by NCFAP (see NCFAP
Pesticide Use Database, above). For each of the compounds, NCFAP has developed two use
coefficients, the percent of acres treated for 87 specific crops and the pounds of an active
ingredient applied annually to each acre of that crop. The maps combine the NCFAP State2-20
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based pesticide use coefficients with county-level crop acreages obtained from the 1992 Census
of Agriculture. This produces maps showing the distribution of average annual pesticide use.
Map resolution is based at the county-level (USGS, 2004).
The maps have the same limitations in data as the NCFAP database, as described above.
Additionally, the NCFAP estimates of applied pesticides are averaged at the State-level, while
the maps extrapolate to the county-level by using county crop acreages from the Census of
Agriculture. Consequently, the maps do not truly represent the local variability of cropping and
management practices found within many States. Furthermore, the 1992 Census of Agriculture
may not have represented all crop usage, nor included all types of pasture (USGS, 2004).
Toxics Release Inventory (TRI)
EPA established the Toxics Release Inventory (TRI) in 1987 in response to Section 313
of the Emergency Planning and Community Right-to-Know Act (EPCRA). EPCRA section 313
requires facilities to report to both EPA and the States annual information on toxic chemical
releases from facilities that meet reporting criteria. EPCRA section 313 also requires EPA to
make this information available to the public through a computer database. The database is
accessible through TRI Explorer, which can be accessed at http://www.epa.gov/triexplorer. In
1990 Congress passed the Pollution Prevention Act, which required that additional data on waste
management and source reduction activities be reported under TRI. The TRI database details
not only the types and quantities of toxic chemicals released to the air, water, and land by
facilities, but also provides information on the quantities of chemicals sent to other facilities for
further management (USEPA, 2002a and 2003).
Facilities are required to report releases and other waste management activities related to
TRI chemicals if they manufacture, process, or otherwise use more than established threshold
quantities of these chemicals. Currently, for most chemicals the thresholds are 25,000 pounds
for manufacturing and processing and 10,000 pounds for use. Both the number and type of
facilities required to report has increased over time so that in 2002 over 24,000 industrial and
Federal facilities submitted in excess of 93,000 reports on toxic releases. In 2000, special
thresholds were added for persistent bioaccumulative toxic chemicals, for example dioxin and
dioxin-like compounds (USEPA, 2002a). Today, TRI includes information on releases of nearly
670 chemicals.
Although TRI can provide a general idea of release trends, it is far from exhaustive and
has significant limitations. For example, small facilities (those with fewer than 10 full-time
employees and those that do not exceed manufacture and use limits) are not required to report
releases. In addition, the reporting threshold for the manufacturing and processing of TRI
chemicals changed between 1987 and 1989, dropping from 75,000 pounds per year in 1987 to
50,000 in 1988 to the current 25,000 in 1989; this creates the potential for misleading data trends
over time (USEPA, 1996). Finally, TRI data are meant to reflect releases and should not be used
to estimate general public exposure to a chemical (USEPA, 2002a).
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USGS National Water Quality Assessment (NAWQA)
The USGS instituted the National Water Quality Assessment (NAWQA) program in
1991 to examine ambient water quality status and trends in the United States. The NAWQA
program is designed to apply nationally consistent methods to provide a consistent basis for
comparisons among study basins across the country and over time. These occurrence
assessments serve to facilitate interpretation of natural and anthropogenic factors affecting
national water quality. For more detailed information on the NAWQA program design and
implementation, please refer to Leahy and Thompson (1994) and Hamilton et al. (2004).
Study Unit Monitoring
The NAWQA program conducts monitoring and water quality assessments in significant
watersheds and aquifers referred to as “study units.” The program’s sampling approach is not
“statistically” designed (i.e., it does not involve random sampling), but it provides a
representative view of the nation’s waters in its coverage and scope. Together, the 51 study units
monitored between 1991 and 2001 include the aquifers and watersheds that supply more than
60% of the nation’s drinking water and water used for agriculture and industry. The NAWQA
program monitors the occurrence of chemicals such as pesticides, nutrients, VOCs, trace
elements, and radionuclides, and the condition of aquatic habitats and fish, insects, and algal
communities (NRC, 2002; Hamilton et al., 2004). NAWQA has collected data from over 6,400
surface water and 7,000 ground water sampling points. (The NAWQA Data Warehouse can be
reached via a link from the following website: http://water.usgs.gov/nawqa/data.html).
Monitoring of study units occurs in stages. Between 1991 and 2001, approximately onethird of the study units at a time were studied intensively for a period of three to five years,
alternating with a period of less intensive research and monitoring that lasted between five and
seven years. Thus, all participating study units rotated through intensive assessment in a tenyear cycle (Leahy and Thompson, 1994). The first ten-year cycle was designated Cycle 1.
Summary reports are available for the 51 study units that underwent intensive monitoring in
Cycle 1 (USGS, 2001). Cycle 2 monitoring is scheduled to proceed in 42 study units from 2002
to 2012 (Hamilton et al., 2004).
USGS Analysis: National Synthesis Programs
Through a series of National Synthesis efforts, the USGS NAWQA program is preparing
comprehensive analyses of data on topics of particular concern. These data are aggregated from
the individual study units and other sources to provide a national overview.
Pesticide National Synthesis
The Pesticide National Synthesis began in 1991. Results from the most recent USGS
Pesticide National Synthesis analysis, based on complete Cycle 1 (1991-2001) data from
NAWQA study units, are posted on the NAWQA Pesticide National Synthesis website (Martin
et al., 2003; Kolpin and Martin, 2003; Nowell, 2003; Nowell and Capel, 2003). USGS considers
these results to be provisional. Data for surface water, ground water, bed sediment, and biota are
presented separately, and results in each category are subdivided by land use category. Land use
2-22

EPA – OGWDW

Regulatory Determinations Support Document for CCL 2

June 2008

categories include agricultural, urban, mixed (deeper aquifers of regional extent in the case of
ground water), and undeveloped. The National Synthesis analysis for pesticides is a first step
toward the USGS goals of describing the occurrence of pesticides in relation to different land use
and land management patterns, and developing a deeper understanding of the relationship
between spatial occurrence of contaminants and their fate, transport, persistence, and mobility
characteristics.
The surface water summary data presented by USGS in the Pesticide National Synthesis
(Martin et al., 2003) only include stream data. Sampling data from a single one-year period,
generally the year with the most complete data, were used to represent each stream site. Sites
with few data or significant gaps were excluded from the analysis. NAWQA stream sites were
sampled repeatedly throughout the year to capture and characterize seasonal and hydrologic
variability. In the National Synthesis analysis, the data were time-weighted to provide an
estimate of the annual frequency of detection and occurrence at a given concentration.
The USGS Pesticide National Synthesis only analyzed ground water data from wells;
data from springs and agricultural tile drains were not included. The sampling regimen used for
wells was different than that for surface water. In the National Synthesis analysis (Kolpin and
Martin, 2003), USGS uses a single sample to represent each well, generally the earliest sample
with complete data for the full suite of analytes.
The NAWQA program monitored bed sediment and fish tissue at sites considered likely
to be contaminated and at sites that represent various land uses within each study unit. Most
sites were sampled once in each medium. In the case of sites sampled more than once, a single
sample was chosen to represent the site in the Pesticide National Synthesis analysis (Nowell,
2003). In the case of multiple bed sediment samples, the earliest one with complete data for key
analytes was used to represent the site. In the case of multiple tissue samples, the earliest sample
from the first year of sampling that came from the most commonly sampled type of fish in the
study unit was selected.
As part of the National Pesticide Synthesis, USGS also analyzed the occurrence of select
semi-volatile organic compounds (SVOCs) in bed sediment at sites considered likely to be
contaminated and sites that represent various land uses within each study unit (Nowell and
Capel, 2003). Most sites were sampled only once. When multiple samples were taken, the
earliest one was used to represent the site in the analysis.
Over the course of Cycle 1 (1991-2001), NAWQA analytical methods may have been
improved or changed. Hence, reporting levels (RLs) varied over time for some compounds. In
the summary tables, the highest RL for each analyte is presented for general perspective. In the
ground water, bed sediment, and tissue data analyses, the method of calculating concentration
percentiles sometimes varied according to how much of the data was censored at particular
levels by the laboratory (i.e., because of the relatively large number of non-detections in these
media).
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VOC National Synthesis
The Volatile Organic Compound (VOC) National Synthesis began in 1994. The most
comprehensive VOC National Synthesis reports to date are one random survey and one focused
survey funded by the AwwaRF) and carried out by USGS in collaboration with the Metropolitan
Water District of Southern California and the Oregon Health & Science University. The random
survey (Grady, 2003) targeted surface and ground waters used as source water by CWSs.
Samples were taken from the source waters of 954 CWSs in 1999 and 2000. The random survey
was designed to be nationally representative of CWS source water. In the focused survey
(Delzer and Ivahnenko, 2003), 451 samples were taken from source waters serving 134 CWSs
between 1999 and 2001. These surface and ground waters were chosen because they were
suspected or known to contain methyl tertiary butyl ether (MTBE). The focused survey was
designed to provide insight into temporal variability and anthropogenic factors associated with
VOC occurrence. Details of the monitoring plan for these two studies, including detection
limits, are provided by Ivahnenko et al. (2001). Separately, AwwaRF also published the results
of this monitoring effort (AwwaRF, 2003).
Additional products of the VOC National Synthesis include a compilation of historical
VOC monitoring data from multiple studies (Squillace et al., 1999). The data, collected from
2,948 wells between 1985 and 1995 by local, state, and federal agencies, were reviewed to
ensure they met data quality criteria. Most of the data were from early study unit monitoring.
The samples represent both urban and rural areas, and both drinking water and non-drinking
water wells. A full analysis of 10 years of study unit monitoring data has not yet been performed
by the VOC National Synthesis.
Trace Elements National Synthesis
A National Synthesis effort for trace elements is underway. However, the only trace
element being considered for regulatory determination at this time, boron, was not included
among the analytes in Cycle 1 data collection. Boron is included among the trace element
analytes in NAWQA Cycle 2.
EPA Analysis of NAWQA Study Unit Monitoring Results
Whereas the NAWQA program often uses the most representative data for a site to
calculate summary statistics, EPA, with the cooperation of USGS, has performed a summary
analysis of all Cycle 1 water monitoring data from all study units (1991-2001) for many of the
Second Contaminant Candidate List (CCL 2) contaminants being considered for regulatory
determination. EPA’s analysis of the NAWQA data is analogous to the simple, straight-forward
“Stage 1” analysis the Agency performed on finished drinking water data from CWS
monitoring. That is, all the occurrence data for a particular contaminant were compiled and
analyzed using non-parametric methods to yield simple summary statistics to characterize
contaminant occurrence. The analysis was performed on Cycle 1 data for DDE, DCPA, the
mono-acid degradate of DCPA, EPTC, fonofos, metolachlor, MTBE, terbacil, and 1,1,2,2tetrachloroethane. (Data were unavailable for boron, 1,3-dichloropropene, and 2,4- and 2,6dinitrotoluene.)
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The surface water data consist of stream samples; all surface water data were included in
the EPA summary analysis. For ground water, all well data were used; as with the USGS
National Pesticide Synthesis, data from springs and drains were excluded. For each
contaminant, EPA calculated detection frequencies simply as the percentage of samples and the
percentage of sites with at least one detection. (A detection is an analytical result equal to or
greater than the reporting limit.) EPA used USGS data without any censoring or weighting.
From samples with detects a number of descriptive statistics were also calculated, including the
minimum, median, 95th percentile, 99th percentile, and maximum concentrations. Reporting
limits varied over time during the NAWQA program. The highest reporting limit used for each
contaminant is presented with the results of the analysis. Note that because reporting limits
varied, the minimum concentration reported as a detection is often lower than the highest
reporting limit. All statistics were calculated in SAS®.
USGS National Highway Runoff Data and Methodology Synthesis (USGS
Stormwater Studies)
In addition to the NAWQA project, USGS has prepared additional surveys of national
contaminant occurrence. For the National Highway Runoff Data and Methodology Synthesis,
USGS conducted a review of 44 studies of SVOCs and VOCs in runoff conducted since 1970
(Lopes and Dionne, 1998). Most of the studies focused on SVOCs in urban stormwater and
sediments. USGS evaluated the reviewed studies for data quality, including documentation of
sampling protocols and methods, limits of reporting and detection, and protocols of qualitycontrol and quality-assurance.
The Synthesis reports on a number of deficiencies in available data on highway and
stormwater runoff which prevent full comparisons between studies. The greatest problem
reported was that only 10 percent of the studies accurately described where in the stream crosssection study samples were taken. As SVOCs concentrate in suspended solids and suspended
solids are seldom uniformly distributed in the stream profile, the absence of such data limits the
reliability of findings. Another problem reported was that only 30 percent or fewer of the studies
documented detection limits or quality control procedures. This limits the extent to which the
findings of different studies can be compared. Finally, the report noted that many of the loading
factors and regression equations used in the reviewed sources (particularly those from the 1970s)
were out-of-date and needed to be readjusted if their results are to be adapted to the present day.
Of the 44 publications that the Synthesis reviews, two types of studies (encompassing
several publications) deserve mention due to their wide geographic distribution. The first is the
priority pollutant monitoring project of the Nationwide Urban Runoff Program (NURP). This
program reported monitoring of EPA priority pollutants in 15 cities in 14 States from 1979 to
1982. The second is a set of USGS urban stormwater studies conducted in cities with a
population of 100,000 or more that were required by EPA to obtain National Pollutant Discharge
Elimination System (NPDES) permits. These studies involved monitoring in 16 cities in 11
States since 1991.
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Pesticides in Ground Water Database (PGWDB)
The Pesticides in Ground Water Database (PGWDB) is a compilation of data from
ground water studies conducted by federal, State, and local governments, the pesticide industry,
and other institutions between 1971 and 1991 (USEPA, 1992). Data from 68,824 wells in 45
States are included. The vast majority of the wells (65,865) were drinking water wells.
Monitoring was conducted for 258 pesticides and 45 degradates. Not all studies tested for every
compound.
Because PGWDB data come from multiple sources, they should be interpreted with
caution. Different studies were conducted for different reasons, and used different sampling
techniques and analytical methods. Detection limits were not uniform. The data are not
geographically representative: results might be biased high because areas with suspected
contamination are likely to have been sampled more frequently than pristine areas.
National Pesticide Survey (NPS)
In 1990, EPA completed a national survey of pesticides in drinking water wells. The
purpose of the National Pesticide Survey (NPS) was to determine the national occurrence
frequencies and concentrations of select pesticides in the nation’s drinking water wells, and to
improve EPA’s understanding of how pesticide occurrence in ground water correlates with
patterns of pesticide usage and ground water vulnerability. The survey included approximately
1,300 CWS wells and rural domestic wells. Sampling was conducted between 1988 and 1990.
The survey targeted areas representing a variety of pesticide usage levels and ground water
vulnerability. The survey was designed to provide a statistically reliable estimate of pesticide
occurrence in the nation’s drinking water wells. It was not designed to provide statistically valid
results at the State- or local-level. Wells were sampled for 101 pesticides, 25 pesticide
degradates, and nitrate (USEPA, 1990).
Community Water System Survey (CWSS)
The 2000 Community Water System Survey (CWSS) (USEPA, 2002b; 2002c) gathered
data on the financial and operating characteristics of a random sample of CWSs nationwide. In
addition, the Survey asked all “very large” CWSs, those that serve more than 500,000 people (a
total of 83 systems), to provide monitoring results for five regulated compounds (arsenic,
atrazine, 2,4-D, simazine, and glyphosate) and four unregulated compounds (radon, MTBE,
metolachlor, and boron), including results from raw water at each intake and from finished water
at treatment plant. EPA received completed questionnaires from 58 systems. However, not all
systems answered every question. Note that because reported results are incomplete, they are
more illustrative than statistically representative.
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AwwaRF Boron Study
The American Water Works Association Research Foundation funded a survey to
evaluate the occurrence of boron (as well as hexavalent chromium) in drinking water sources
(Frey et al., 2004). The AwwaRF study recruited 189 PWSs representing 407 source waters in
41 States. Of the 407 source water sample kits distributed in 2003, approximately 342 were
returned. Of these 342 samples, 341 were analyzed for boron. Approximately 67 percent (or
228) represented ground water sources and 33 percent (or 113) represented surface water
sources.
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Executive Summary
Boron, an inorganic compound (IOC), is a non-volatile metalloid that is ubiquitous in the
environment in compounds called borates. Common borates include boron oxide, boric acid,
and borax. Anthropogenic boron compounds include boron halides (e.g., boron trichloride and
boron trifluoride). Borates and other boron compounds are used in the production of glass,
ceramics, soaps, fire retardants, pesticides, cosmetics, photographic materials, and high energy
fuels.
Boron enters the environment mainly through the weathering of rocks, boric acid
volatilization from seawater, and volcanic and geothermal activity. To a lesser extent, boron is
released to the environment from anthropogenic sources (e.g., via industrial air emissions,
fertilizer and herbicide applications, and industrial and municipal wastes). Limited data are
available on the quantity of anthropogenic releases. Toxic Release Inventory (TRI) data suggest
that air emissions dominate industrial boron trihalide releases. Boron trichloride releases
fluctuate in the range of hundreds of pounds per year, and boron trifluoride releases fluctuate in
the range of tens of thousands of pounds per year. Around 1990, the quantity of boron minerals
used annually for agricultural purposes was estimated to have been approximately 293,000
pounds.
The Institute of Medicine of the National Academies categorizes boron as a possible
trace mineral nutrient for humans. It may interact with Vitamin D and calcium homeostasis,
influence estrogen metabolism, and play a role in cognitive function. The estimated average
dietary intake of boron in U.S. male adults is 1.5 mg/day. Large doses (on the order of 20 mg/kg
or more) can cause nausea and vomiting. Chronic low-level oral exposure causes developmental
defects in animal subjects. Based on developmental defects in rats, the EPA reference dose
(RfD) for boron is 0.2 mg/kg/day. EPA calculated a health reference level (HRL) of 1.4 mg/L or
1,400 µg/L for boron using the RfD of 0.2 mg/kg-day and a 20 percent screening relative source
contribution (RSC). Sensitive subpopulations may include developing fetuses and individuals
with impaired kidney function.
EPA evaluated boron occurrence in drinking water using data collected from 989 ground
water public water systems (PWSs) by the National Inorganics and Radionuclides Survey
(NIRS). The NIRS data indicate that approximately 4.3 percent of the ground water PWSs had
detections of boron at levels greater than 700 µg/L (1/2 the HRL), affecting approximately 2.9
percent of the population served by these ground water systems. Approximately 1.7 percent of
the ground water PWSs had detections of boron at levels greater than 1,400 µg/L (the HRL),
affecting approximately 0.4 percent of the population served by these ground water systems.
Because NIRS only investigated ground water systems, the Agency evaluated the results
of a survey funded by the American Water Works Association Research Foundation (AwwaRF)
to gain a better understanding of the potential occurrence of boron in surface water systems. Of
341 samples analyzed for boron, approximately 67 percent represented ground water sources and
33 percent represented surface water sources. Of the ground water sources, 3.1% had boron
concentrations that exceeded the HRL of 1,400 µg/L; the highest observed concentration was
approximately 3,300 µg/L. In contrast, none of the surface water sources exceeded the boron
HRL of 1,400 µg/L, and the highest concentration in surface water was 345 µg/L. These results
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indicate that boron contamination occurs less frequently and at lower concentrations in surface
water than in ground water.
EPA evaluated supplementary data on boron occurrence in ambient and drinking water
from additional sources, including the United States Geological Survey (USGS) National
Ambient Water Quality Assessment (NAWQA) program and the Community Water System
Survey (CWSS).
The Agency has made a determination not to regulate boron with a national primary
drinking water regulation (NPDWR). While boron was found at levels greater than the HRL
(and ½ the HRL) in several of the ground water systems surveyed by NIRS, it was not found at
levels greater than the HRL (or ½ the HRL) in the surface waters sources evaluated in the
AwwaRF study. Taking this surface water information into account, the Agency believes the
overall occurrence and exposure from both surface and ground water systems together is likely
to be lower than the values observed for the NIRS ground water data. Because boron is not
likely to occur at levels of concern when considering both surface and ground water systems, the
Agency believes that an NPDWR does not present a meaningful opportunity for health risk
reduction.
The Agency plans to update the Health Advisory for boron to provide more recent health
information. The updated Health Advisory will provide information to any States with public
water systems that may have boron above the HRL. If a State finds highly localized occurrence
of boron at concentrations above the HRL, it should consider whether State-level guidance (or
some other type of action) may be appropriate.
The Agency’s regulatory determination for this contaminant is presented formally in the
Federal Register.

3-4

EPA – OGWDW

Regulatory Determinations Support Document for CCL 2

June 2008

Contents
Executive Summary ...........................................................................................................................3-3
Contents .............................................................................................................................................3-5
Exhibits ..............................................................................................................................................3-7
Abbreviations.....................................................................................................................................3-9
3
Boron......................................................................................................................................3-11
3.1
Definition ...............................................................................................................................3-11
3.1.1 Properties and Sources...............................................................................................3-11
3.1.2 Environmental Fate and Behavior .............................................................................3-13
3.2
Health Effects.........................................................................................................................3-13
3.3
Occurrence and Exposure ......................................................................................................3-15
3.3.1 Use and Environmental Release ................................................................................3-15
3.4
Technology Assessment.........................................................................................................3-21
3.4.1 Analytical Methods....................................................................................................3-21
3.4.2 Treatment Technologies ............................................................................................3-22
3.5
Regulatory Determination......................................................................................................3-23
3.6
References..............................................................................................................................3-23

3-5

EPA – OGWDW

Regulatory Determinations Support Document for CCL 2

3-6

June 2008

EPA – OGWDW

Regulatory Determinations Support Document for CCL 2

June 2008

Exhibits
Exhibit 3-1: Physical and Chemical Properties ................................................................................3-12
Exhibit 3-2: Environmental releases (in pounds) of boron trichloride in the United States, 19952003............................................................................................................................3-16
Exhibit 3-3: Environmental releases (in pounds) of boron trifluoride in the United States, 19952003............................................................................................................................3-17
Exhibit 3-4: Summary NIRS Occurrence Statistics for Boron in Ground Water Systems................3-19

3-7

EPA – OGWDW

Regulatory Determinations Support Document for CCL 2

3-8

June 2008

EPA – OGWDW

Regulatory Determinations Support Document for CCL 2

Abbreviations
AwwaRF
BMD
CAS
CCL 2
CWSS
GW
HF
HRL
ICP
ICP-AES
IOC
IOM
LOAEL
MDL
MRL
MTBE
NAWQA
NIRS
NOAEL
NPDWR
PTFE
PWS
RfD
RO
RSC
SM
SW
SW
TRI
USGS

American Water Works Association Research Foundation
Benchmark Dose
Chemical Abstracts Service
Second Contaminant Candidate List
Community Water Systems Survey
Ground Water
Hollow-Fiber
Health Reference Level
Inductively Coupled Plasma
Inductively Coupled Plasma-Atomic Emission Spectrometry
Inorganic Compound
Institute of Medicine
Lowest-Observed-Adverse-Effect Level
Method Detection Limit
Minimum Reporting Level
Methyl Tertiary Butyl ether
National Water Quality Assessment
National Inorganics and Radionuclides Survey
No-Observed-Adverse-Effect Level
National Primary Drinking Water Regulation
Polytetrafluoroethylene
Public Water System
Reference Dose
Reverse Osmosis
Relative Source Contribution
Standard Method
Spiral-Wound
Surface Water
Toxics Release Inventory
United States Geological Survey

3-9

June 2008

EPA – OGWDW

Regulatory Determinations Support Document for CCL 2

3-10

June 2008

EPA – OGWDW

Regulatory Determinations Support Document for CCL 2

3

June 2008

Boron

3.1 Definition
Boron, an inorganic compound (IOC), is a non-volatile metalloid that is ubiquitous in the
environment in compounds called borates. Common borates include boron oxide, boric acid,
and borax. Anthropogenic boron compounds include boron trichloride and boron trifluoride.
The Chemical Abstracts Service (CAS) registry number of elemental boron is 7440-42-8.
Borates and other boron compounds have their own registry numbers.
3.1.1

Properties and Sources

Elemental boron is not readily found in nature, yet borates are natural and ubiquitous.
Elemental boron exists as a solid at room temperature, either as black monoclinic crystals or as a
yellow or brown amorphous powder when impure. Boron is an essential nutrient for plants and
an essential element for many organisms (USEPA, 1994a). Borates are most predominantly
found in nature in oceans, sedimentary rocks, coal, shale, and some soils. Boron enters the
environment mainly through the weathering of rocks, boric acid volatilization from seawater,
and volcanic and geothermal activity (HSDB, 2004; ATSDR, 1992). To a lesser extent, boron is
also released to the environment through anthropogenic sources. Anthropogenic boron
compounds include boron halides (boron trichloride and boron trifluoride) as well as borates.
Boron compounds are used in the production of glass, ceramics, soaps, fire retardants, pesticides,
cosmetics, photographic materials, and high energy fuels (USGS, 2004; ATSDR, 1992). Boron
compounds are registered as pesticides in the U.S. for use as insecticides, herbicides, and
fungicides. In such roles, boron compounds can act in a number of ways, such as through
poisoning, desiccation, or inhibition of growth (USEPA, 1994a). The production and use of
products containing boron compounds adds to the release of boron into the environment.
Physical and chemical properties of boron and selected boron compounds are summarized in
Exhibit 3-1.
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Exhibit 3-1: Physical and Chemical Properties
Identification: Boron and Boron Compounds

CAS number
Molecular Formula

boron

boron oxide

boric acid

borax

borax,
anhydrous

boron
trichloride

boron
trifluoride

7440-42-8

1303-86-2

10043-35-3

1303-96-4

1303-96-4

10294-34-5

7637-07-02

B

B2O3

H3BO3

Na2B4O7 •
10H2O

Na2B4O7

BCl3

BF3

Physical and Chemical Properties
Boiling Point

2,550 °C

1

1,500 °C 1

-11/2 H2O,
300 °C 1

-10H2O,
320 °C 2

Decomposes at
1,575 °C 1

Melting Point

2,300 °C

1

450 ± 2 °C 1

169 ± 1 °C
tr to HBO2 1

75 °C, -8H2O,
60 °C 2

741 °C

Molecular Weight

10.81 /mol

69.64 g/mol 2

61.84 g/mol 2

381.37 g/mol 1

-99.9 °C 1

-107 °C 2

-126.8 °C 1

201.22 g/mol 1

117.19 g/mol 2

67.81 g/mol 2

-----

-----

-----

-----

-----

-----

-----

Log Kow

-----

-----

-----

-----

-----

-----

-----

2

rapidly hydrates
to boric acid 1

63.5 g/L
at 30 °C 1

20.1 g/L
at 0 °C 1

10.6 g/L
at 0 °C; 87.9
g/L at 40 °C 1

decomposes

1.56x 10
atm at 2,140
°C 2

-5

-----

-----

-----

-----

100 mm Hg
1
at 33.5 °C

40 mm Hg at
-131°C (solid);
760 mm Hg at
-110.7 °C (liq) 1

Henry’s Law Constant

-----

-----

-----

-----

-----

-----

-----

Freundlich Isotherm
Constant (K)

-----

-----

-----

-----

-----

-----

-----

Vapor Pressure

2

2

Log Koc

Water Solubility

1

2

1

12.5 °C

insoluble

Weast, 1988 (as cited in ATSDR, 1992 and HSDB, 2004)
Budavari, 1989 (as cited in HSDB, 2004)
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Environmental Fate and Behavior

Little is known about the residence time of boron compounds in air, soil, or water.
Limited data are available regarding their transport and partitioning in these media (ATSDR,
1992).
The adsorption of borates and boric acids to soils is controlled by the presence of
aluminum and iron oxides and, to a lesser extent, organic matter (Bingham et al., 1971; Sakata,
1987; Parks and White, 1952 all as cited in ATSDR, 1992). Soils rich in these oxides, like the
Ultisols of the southeastern United States, will experience significant adsorption of available
borates. In some environments, adsorption to soil particles may be irreversible (Rai et al., 1986
as cited in ATSDR, 1992). Boron is found in soil (as borates) at an average concentration of 10
mg/kg (Weast, 1988 as cited in HSDB, 2004).
When released to the atmosphere, borates exist as particulate matter or aerosols, with a
half-life on the order of days, depending on particle size and atmospheric conditions. Deposition
can occur through dryfall, and wet deposition is also possible in the case of more soluble borates
(USEPA, 1987 as cited in ATSDR, 1992).
In water, boron readily hydrolyzes and may polymerize in concentrated solutions
(ATSDR, 1992). Adsorption to sediments is thought likely to be the most significant fate
pathway for boron in water (Rai et al., 1986 as cited in ATSDR, 1992). The extent of adsorption
is determined by the pH of the water and the chemical composition of the sediment. The greatest
adsorption takes place in a pH range of 7.5 to 9.0 (Keren et al., 1981; Keren and Mezuman,
1981; Waggott, 1969 all as cited in ATSDR, 1992). Boron compounds in water may also coprecipitate as hydroxyborate compounds with aluminum, iron, or silicon (Biggar and Fireman,
1960 as cited in ATSDR, 1992). Boron is typically found in salt water at concentrations of 4.6
mg/L (Weast, 1988 in HSDB, 2004).
Aquatic plants and animals accumulate boron, but residues do not increase through the
food chain (Moore, 1991). Even though it is found in many fruits and vegetables, boron does not
accumulate in human tissues (Butterwick et al., 1989 as cited in ATSDR, 1992; Waggot, 1969 as
cited in ATSDR, 1992).

3.2 Health Effects
The Institute of Medicine (IOM, 2001) of the National Academies categorizes boron as a
possible trace mineral nutrient for humans. Boron is essential for plant growth and deficiency
studies in animals and humans have provided some evidence that low intakes of boron affects
cellular function and the activity of other nutrients. It may interact with Vitamin D and calcium
homeostasis, influence estrogen metabolism, and play a role in cognitive function (IOM, 2001).
Iyengar et al. (1988, as cited in USEPA, 2004a) reported an average dietary intake of 1.5
mg/day for male adults based on the Food and Drug Administration Total Diet Study.
Some human oral data are available from cases where boron was ingested as a medical
treatment. When the amount ingested was less than 3.68 mg/kg, subjects were asymptomatic,
while doses of 20 and 25 mg/kg resulted in nausea and vomiting. Case reports and surveys of
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accidental poisonings indicate that the lethal doses of boron range from 15 to 20 grams
(approximately 200 to 300 mg/kg) for adults, 5 to 6 grams (approximately 70 to 85 mg/kg) for
children, and 2 to 3 grams (approximately 30 to 45 mg/kg) for infants (USEPA, 2004b).
The primary adverse effects seen in animals after chronic exposure to low doses of boron
generally involve the testes and developing fetus. Chronic effects of dietary boron exposure in
two-year studies included testicular atrophy and spermatogenic arrest in dogs, decreased food
consumption, suppressed growth, and testicular atrophy in rats, and decreased survival, testicular
atrophy, and interstitial cell hyperplasia in mice. Although researchers observed some increases
in tumor incidences in the liver and in subcutaneous tissues in mice, based on comparisons to
historic controls, these tumors were determined not to be associated with exposure to boron from
boric acid (USEPA, 2004b). Boron is not considered mutagenic and the Agency determined that
there are inadequate data to assess the human carcinogenic potential for boron (USEPA, 2004a).
In developmental studies with rats, mice, and rabbits, oral exposure to boric acid resulted
in decreased pregnancy rate, increased prenatal mortality, decreased fetal weights, and increased
malformations in fetuses and pups. However, these reproductive effects were associated with
maternal toxicity including changes in maternal organ weights, body weights, weight gain, and
increased renal tubular dilation and/or regeneration (Price et al., 1990, 1994, 1996; Heindel et
al., 1992, 1994; Field et al., 1989; all as cited in USEPA, 2004b). Reproductive effects in males
were noted in the subchronic and chronic studies described in the preceding paragraphs.
The EPA reference dose (RfD) for boron is 0.2 mg/kg/day (USEPA, 2004a) based on
developmental effects in rats from two studies (Price et al., 1996; Heindel et al., 1992; both as
cited in USEPA, 2004b). The RfD was derived using the benchmark dose (BMD) method
(BMDL05 from Allen et al., 1996 as cited in USEPA, 2004b). EPA calculated the health
reference level (HRL) of 1.4 mg/L or 1,400 µg/L for boron using the RfD of 0.2 mg/kg/day and a
20 percent screening relative source contribution.
EPA also evaluated whether health information is available regarding the potential
effects on children and other sensitive populations. Studies in rats, mice, and rabbits identify the
developing fetus as potentially sensitive to boron. Price et al. (1996 as cited in USEPA, 2004b)
identified a “lowest-observed-adverse-effect level” (LOAEL) of 13.3 mg/kg-day and a
“no-observed-adverse-effect level” (NOAEL) of 9.6 mg/kg-day in the developing fetus, based on
decreased fetal body weight in rats. Accordingly, boron at concentrations greater than the HRL
might have an effect on prenatal development. Individuals with severely impaired kidney
function might also be sensitive to boron exposure since the kidney is the most important route
for excretion.
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3.3 Occurrence and Exposure
3.3.1

Use and Environmental Release

The major commercial uses of boron are in the production of glass and ceramics.
According to the United States Geological Survey (USGS), in 2003 these industries accounted
for 78 percent of U.S. consumption of boron compounds. The industries were primarily located
in the North Central United States and Eastern United States. Soaps and detergents accounted
for an additional 6 percent of U.S. consumption, agriculture accounted for 4 percent, fire
retardants accounted for 3 percent, and other uses accounted for 9 percent (USGS, 2004).
Experimental uses include recyclable sodium borohydride fuel for powering fuel cell vehicles
(USGS, 2004). Borax and boric acid are used as a neutron absorber in atomic reactors; other
miscellaneous uses of borates are found in cosmetics and leather tanning (ATSDR, 1992).
Boron trichloride is used in the manufacture and purification of boron, for catalysis of organic
reactions, in semiconductors, in purification of metal alloys, and in bonding of iron and steels.
Boron trifluoride is used predominately in catalysis, but is also used as a fumigant, in metallurgy,
and for neutron detection (Windholz et al., 1983).
According to the website of Rio Tinto Borax, the largest commercial producer of borates,
world demand for borates is distributed among the following major uses: insulation fiberglass,
textile fiberglass, and heat-resistant glass account for 42 percent of world demand; ceramic tile
bodies and ceramic and enamel frits and glazes account for 14 percent; detergents, soaps, and
personal care products account for approximately 10 percent; agricultural micronutrients account
for 7 percent; and other uses, including wood preservatives, flame retardants, and pest control
products, account for 27 percent (Rio Tinto Borax, 2004).
The United States, Turkey, and Russia are the leading producers of boron compounds,
followed by Argentina, Chile, and China (USGS, 2004). In 2003, Turkey produced the greatest
quantity of ore, while the U.S. led in production of refined boron compounds. U.S. boron
resources, mostly sediments and brines, are primarily located in California. U.S. production of
boron compounds between 1999 and 2003 ranged between 518,000 metric tons and 618,000
metric tons (measured as boric oxide). In 2003, the U.S. imported approximately 174,000 metric
tons of boron compounds and exported approximately 244,000 metric tons (USGS, 2004).
Environmental boron can have natural or anthropogenic sources. Boron is a naturally
occurring compound, usually found in inorganic form in sediments and sedimentary rocks.
Natural weathering of rocks is thought to be the primary source of boron compounds in water
and soil (Butterwick et al., 1989 as cited in ATSDR, 1992). Such weathering varies
geographically, however. In the United States, the richest deposits are in California. Releases to
air from oceans, volcanos, and geothermal steam are other natural sources of boron in the
environment (Graedel, 1978 as cited in ATSDR, 1992). Global releases of elemental boron
through weathering, volcanic, and geothermal processes are estimated at approximately 360,000
metric tons annually (Moore, 1991). Human causes of boron contamination include releases to
air from power plants, chemical plants, and manufacturing facilities. Fertilizers, herbicides, and
industrial wastes are among the sources of soil contamination. Contamination of water can come
directly from industrial wastewater and municipal sewage, as well as indirectly from air
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deposition and soil runoff (ATSDR, 1992). Borates in detergents, soaps, and personal care
products can also contribute to the presence of boron in water.
Boric acid and its sodium salts are registered for use as pesticides. Data from the U.S.
Bureau of Mines, cited in EPA’s 1994 reregistration eligibility document for boron pesticides
(USEPA, 1994a), suggest that approximately 293,000 pounds of boron minerals were used
annually for “agricultural purposes” around 1990. In the reregistration eligibility document EPA
stated that the amount of boron used specifically as pesticide is somewhat less than the amount
used for agricultural purposes, and that boric acid use declined significantly during the 1980s
(USEPA, 1994a).
Two anthropogenic boron compounds, boron trichloride and boron trifluoride, are listed
as Toxics Release Inventory (TRI) chemicals. For a discussion of the nature and limitations of
TRI data, see Chapter 2.
TRI data for boron trichloride (see Exhibit 3-2) are reported for the years 1995 to 2003
(USEPA, 2006). For boron trichloride, on-site air emissions constitute all of the total releases
(on- and off-site), and these have generally fluctuated in the range of hundreds of pounds per
year during the period of record. TRI releases for boron trichloride were reported from facilities
in 6 States (Arizona, California, Indiana, New Mexico, Pennsylvania, and Wisconsin).

Exhibit 3-2: Environmental releases (in pounds) of boron trichloride in the United
States, 1995-2003
Year
1995
1996
1997
1998
1999
2000
2001
2002
2003
1

On-Site Releases
Air
Surface Water Underground
Emissions Discharges1
Injection
5
0
37
0
754
0
0
750
0
0
350
0
605
0
626
0
0
258
0
0
5
0

Releases
to Land
0
0
0
0
0
0
0
0
0

Off-Site
Releases
0
0
0
0
0
0
0
0
0

Total On- &
Off-site
Releases
5
37
754
750
350
605
626
258
5

“-“ denotes blank cells on reporting forms. “0” is entered when the reporting forms contained only zeros or ANA’s.

Source: USEPA, 2006.

Boron trifluoride releases, also for the years 1995 to 2003 (see Exhibit 3-3), are similarly
dominated by on-site air emissions. Boron trifluoride releases ranged in the tens of thousands of
pounds annually. TRI releases for boron trifluoride were reported from facilities in 14 States
(AL, AR, DE, FL, KY, LA, MD, NY, OH, OK, PA, SC, TN, and TX) (USEPA, 2006).
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Exhibit 3-3: Environmental releases (in pounds) of boron trifluoride in the United
States, 1995-2003
Year
1995
1996
1997
1998
1999
2000
2001
2002
2003

On-Site Releases
Air
Surface Water Underground Releases to
Emissions
Discharges
Injection
Land
25,019
0
0
0
29,881
0
0
0
21,290
0
0
0
37,802
5
0
0
16,725
0
0
0
11,595
0
0
0
11,496
0
0
0
10,114
0
0
0
7,513
0
0
0

Off-Site
Releases

Total On- & Offsite Releases

929
0
5
0
0
250
0
0
4,295

25,948
29,881
21,295
37,807
16,725
11,845
11,496
10,114
11,808

Source: USEPA, 2006.

3.3.2

Ambient Water Occurrence

Ambient lakes, rivers, and aquifers are the source of most drinking water. Data on the
occurrence of boron in ambient water, as well as biotic tissue and bed sediment, are available
from the National Water Quality Assessment (NAWQA) program of the USGS. For more
information on this program, see Chapter 2. The Minnesota Pollution Control Agency has also
surveyed boron in ground water.
NAWQA
No national NAWQA data are available on the occurrence of boron in ambient waters.
However, some regional data are available. Boron was among the analytes in USGS ground
water monitoring in the Sacramento Valley in California in 1996 (Dawson, 2001) and the lower
Illinois River Basin from 1984 to 1991 (Warner, 1999). Boron was also an analyte in NAWQA
studies of bed sediments and/or fish tissues from the Tualatin River Basin of Oregon from 1992
and 1996 (Bonn, 1999), the Lower Snake River Basin of Idaho and Oregon in 1997 (Clark and
Maret, 1998), and the Yellowstone River Basin in Montana, North Dakota, and Wyoming from
1976 to 1979 (Peterson and Zelt, 1999).
In ground water from the Sacramento Valley aquifer, boron was detected in all 31
samples, in concentrations ranging from 12 µg/L to 1,100 µg/L. The median concentration was
42 µg/L. Two of the 31 samples had concentrations in excess of the then-current Health
Advisory Level of 600 µg/L (Dawson, 2001). (That lifetime Health Advisory Level was
associated with an RfD of 0.09 mg/kg/day. In June 2004 EPA established the current RfD of
0.02 mg/kg/day.)
In the lower Illinois River Basin, 71 percent of ground water samples collected between
1984 and 1991 contained boron concentrations higher than the minimum reporting level for this
study of 50 µg/L. The highest detected concentration was 2,100 µg/L. Higher boron
concentrations were generally found in deeper and more ancient aquifers (Warner, 1999).
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At a minimum reporting level of 0.2 µg/g dry weight, boron was detected in 100 percent
of ten fish tissue samples from the Tualatin River Basin. The median concentration was 1.2 µg/g
and the maximum concentration was 3.5 µg/g (Bonn, 1999).
At a minimum reporting level of 0.1 µg/g dry weight, boron was detected in most or all
of 25 fish tissue samples from the Lower Snake River Basin, in concentrations as high as 1.8
µg/g (Clark and Maret, 1998).
At a reporting limit of 10 mg/kg, boron was detected in 98 percent of bed sediment
samples in the Yellowstone River Basin. The median concentration was 28 mg/kg and the 95th
percentile concentration was 57 mg/kg (Peterson and Zelt, 1999).
Minnesota Pollution Control Agency
As a baseline survey of ground water quality in the State, the Minnesota Pollution
Control Agency took samples from 954 drinking water wells between 1992 and 1996. Seventy
(8.7 percent of) samples had boron concentrations in excess of 600 µg/L, and another 25 samples
had concentrations between 500 and 600 µg/L. High boron concentrations in Cretaceous,
Precambrian, and buried Quaternary aquifers are likely due to the natural abundance of boron in
the earth’s crust. High boron concentrations in surficial Quaternary aquifers, on the other hand,
are likely due to anthropogenic factors. The overall median concentration of boron was 46 µg/L
(MPCA, 1998).
3.3.3

Drinking Water Occurrence

In the 1980s, EPA collected nationally representative data on boron occurrence in
drinking water from public water systems served by ground water as part of the National
Inorganics and Radionuclides Survey (NIRS). More recently, the American Water Works
Association Research Foundation (AwwaRF) conducted a study of boron occurrence that
included both ground water and surface water systems.
NIRS
Between 1984 and 1986, single samples were taken from 989 community public water
systems (PWSs) under NIRS. Only systems served by ground water were included in the survey.
Systems were selected to be geographically representative, and to include a representative
distribution of system sizes. For more details on NIRS, see Chapter 2 and USEPA (2008).
Results of the survey are presented in Exhibit 3-4. Approximately 81.9 percent of
groundwater PWSs had detections of boron (that is, concentrations at or above the minimum
reporting level: ≥ MRL, or ≥ 0.005 mg/L). These detections affected about 88.1 % of the
population served by the PWSs, equivalent to approximately 75.5 million people served by
ground water nationally. Detections at a concentration greater then one-half the HRL (> 2
HRL, or > 0.7 mg/L) occurred in 4.3% of surveyed PWSs, affecting 2.9% of the population
served, equivalent to approximately 2.5 million people nationally. Concentrations greater than
the HRL (> HRL, or > 1.4 mg/L) were found in approximately 1.7% of surveyed PWSs,
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affecting 0.4% of the population served, equivalent to approximately 0.4 million people
nationally.

Exhibit 3-4: Summary NIRS Occurrence Statistics for Boron in Ground Water
Systems
NIRS Data on Boron

National System
& Population
Numbers1

989

59,440

99 Percentile Concentration (all samples)

2.44 mg/L

--

Health Reference Level (HRL)

1.4 mg/L

--

Minimum Reporting Level (MRL)

0.005 mg/L

--

Maximum Concentration of Detections

3.95 mg/L

--

99th Percentile Concentration of Detections

2.6 mg/L

--

0.047 mg/L

--

1,482,153

85,681,696
National
Extrapolation

Frequency Factors

Total Number of Ground Water Samples/Systems
th

Median Concentration of Detections
Total Population Served by Ground Water
Occurrence by Sample/System

Number

Percentage

Ground Water PWSs with Detections (> MRL)
Range of NIRS States

810
0 - 74

81.9%
0 - 100%

48,682
N/A

Ground Water PWSs > 1/2 HRL
Range of NIRS States

43
0-8

4.3%
0 - 37%

2,584
N/A

Ground Water PWSs > HRL
Range of NIRS States

17
0-5

1.7%
0 - 26%

1,022
N/A

Population Served by GW PWSs with Detections
Range of NIRS States

1,306,048
0 - 343,465

88.1%
0 - 100%

75,501,000
N/A

Population Served by GW PWSs > 1/2 HRL
Range of NIRS States

42,702
0 - 20,465

2.9%
0 - 34%

2,469,000
N/A

Population Served by GW PWSs > HRL
Range of NIRS States

6,443
0 - 2,500

0.4%
0 - 34%

372,000
N/A

Occurrence by Population Served

nd

1. Total PWS and population numbers are from EPA’s March 2000 Water Industry Baseline Handbook, 2 Edition. National
extrapolations are generated by multiplying the system/population percentages and the national Baseline Handbook
system/population numbers.
Abbreviations:
PWS = Public Water Systems; GW = Ground Water; N/A = Not Applicable; Total Number of Samples/Systems = total number of
th
th
samples/systems on record for the contaminant; 99 Percentile Concentration = the concentration in the 99 percentile sample (out
of either all samples or just samples with detections); Median Concentration of Detections = the concentration in the median sample
(out of samples with detections); Total Population Served = the total population served by PWSs for which sampling results are
available; Ground Water PWSs with Detections, PWSs > 2 HRL, or PWSs > HRL = GW PWSs with at least one sampling result
greater than or equal to the MRL, exceeding the 2 HRL benchmark, or exceeding the HRL benchmark, respectively; Population
Served by GW PWSs with Detections, by PWSs > 2 HRL, or by PWSs > HRL = population served by GW PWSs with at least one
sampling result greater than or equal to the MRL, exceeding the 2 HRL benchmark, or exceeding the HRL benchmark, respectively.
Notes:
-Only results at or above the MRL were reported as detections. Concentrations below the MRL are considered non-detects.
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AwwaRF Boron Study
Both ground water PWSs and surface water PWSs were included in a boron survey
funded by the American Water Works Research Foundation (Frey et al., 2004). The AwwaRF
study recruited 189 PWSs representing 407 source waters in 41 States. Of the 407 source water
sample kits distributed in 2003, approximately 342 were returned. Of these 342 samples, 341
were analyzed for boron. Approximately 67 percent (or 228) represented ground water sources
and 33 percent (or 113) represented surface water sources. The samples were analyzed for boron
with a method detection limit of 2.0 µg/L (Frey et al., 2004).
Boron was detected with concentrations equal or greater than the method detection limit
in 226 of 228 ground water samples (99.1%) and 110 of 113 surface water samples (97.3%).
Boron concentrations greater than ½HRL, or >0.7 mg/L, were found in 20 of 228 ground water
samples (8.8%) and no surface water samples (0%). Boron concentrations greater than the HRL,
or >1.4 mg/L, were found in seven of 228 ground water samples (3.1%) and no surface water
samples (0%). The seven HRL exceedances were found at five systems. The highest
concentration detected in ground water was approximately 3.32 mg/L, and the highest
concentration in surface water was 0.345 mg/L (Seidel, 2006). The median concentrations were
0.0514 mg/L in ground water and 0.029 mg/L in surface water (Frey et al., 2004).
Although the survey was not statistically representative, it indicates some general trends.
On the whole, boron contamination of surface water is less significant than contamination of
ground water. No geographic trends were evident in ground water results, but surface water
contamination appeared to be more prevalent in the Western U.S. than the Eastern U.S.
Longitudinal sampling (i.e., sampling at multiple points along the path of water undergoing
treatment) at 15 systems revealed that a wide variety of treatment techniques were largely
ineffective at removing boron, so boron concentrations in source water (such as those collected
in this study) are likely to be indicative of concentrations in finished water (Frey et al., 2004).
Community Water System Survey (CWSS)
The 2000 Community Water System Survey (CWSS) (USEPA, 2002a; 2002b) gathered
data on the financial and operating characteristics of a random sample of community water
systems nationwide. In addition, the Survey asked all “very large” community water systems,
those that serve more than 500,000 people (a total of 83 systems), to provide monitoring results
for five regulated compounds (arsenic, atrazine, 2,4-D, simazine, and glyphosate) and four
unregulated compounds (radon, methyl tertiary-butyl ether [MTBE], metolachlor, and boron),
including results from raw water at each intake and from finished water at each treatment plant.
EPA received completed questionnaires from 58 systems. However, not all systems answered
every question. Note that because reported results are incomplete, they are more illustrative than
statistically representative.
Results of raw water monitoring are aggregated by type of intake. In raw ground water,
34 observations of boron occurrence were reported. Among detects, the median concentration
was 120 µg/L and the 90th percentile concentration was 273 µg/L. Non-detects were reported at
2.6 percent of ground water intakes. In raw surface water, 15 observations of boron occurrence
were reported. Among detects, the median concentration was 59 µg/L and the 90th percentile
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concentration was 180 µg/L. Non-detects were reported at 22.2 percent of surface water intakes
(USEPA, 2002b).
Results of finished water monitoring are aggregated by system type. At systems
primarily served by ground water, 5 observations of boron occurrence were reported. Among
detects, the median concentration was 102 µg/L and the 90th percentile concentration was 234
µg/L. No non-detects were reported. At systems primarily served by surface water, 14
observations of boron occurrence were reported. Among detects, the median concentration was
56 µg/L and the 90th percentile concentration was 500 µg/L. Non-detects were reported at 9.1
percent of treatment plants. At systems primarily served by purchased water, 6 observations of
boron occurrence were reported. Among detects, the median concentration was 164 µg/L and
the 90th percentile concentration was 200 µg/L. Non-detects were reported at 1.8 percent of
treatment plants (USEPA, 2002b).

3.4 Technology Assessment
3.4.1

Analytical Methods

Boron can be detected using EPA Method 200.7. Method 200.7 relies on inductively
coupled plasma-atomic emission spectrometry (ICP-AES). A full description of EPA Method
200.7 can be found in EPA’s Methods for the Determination of Metals in Environmental
Samples Supplement 1 (USEPA, 1994b). A brief summary of this method is provided below. It
should be noted that the analytical result of this method is for the amount of elemental boron; the
method does not identify the boron compound(s) present.
EPA Method 200.7
In EPA Method 200.7 (Revision 4.4), “Determination of Metals and Trace Elements in
Water and Wastes by ICP/Atomic Emission Spectrometry,” an aliquot of a well-mixed, acidpreserved aqueous sample is accurately transferred for sample processing. The sample is made
up to one-half the original aliquot volume, mixed, and then allowed to settle overnight if the
prepared aliquot contains undissolved material. Note that in low-turbidity water, boron
determinations can be completed by “direct analysis” of acid-preserved samples. The analysis
involves multielemental determinations by ICP-AES using sequential or simultaneous
instruments. The instruments measure characteristic atomic-line emission spectra by optical
spectrometry. Samples are nebulized and the resulting aerosol is transported to the plasma torch.
Element-specific emission spectra are produced by a radio-frequency ICP. The spectra are
dispersed by a grating spectrometer, and the intensities of the line spectra are monitored at
specific wavelengths by a photosensitive device (USEPA, 1994b).
Note that boron samples can become contaminated by borosilicate glass. Only plastic or
polytetrafluoroethylene (PTFE) labware should be used when collecting, storing, and handling
water samples for boron analysis (USEPA, 1994b).
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The method detection limit (MDL 1 ) for boron using Method 200.7 is reported to be 0.003
mg/L (USEPA, 1994b). The average recovery ranges from 97 to 98 percent depending on the
spike concentration and whether tap or well water was used.
Another possible method for boron detection is Standard Method (SM) 4500-B B. The
analytical range for this method is between 100 to1,000 µg/L. This method, known as the
Curcumin Method, is available in the 19th edition of Standard Methods for the Examination of
Water and Wastewater (AWWA, 1995).
3.4.2

Treatment Technologies

Treatment technologies do not influence the determination of whether or not a
contaminant should be regulated. However, before a contaminant can be regulated with a
national primary drinking water regulation (NPDWR), treatment technologies must be readily
available. There is no evidence that boron and boron compounds are significantly removed by
conventional treatments, such as coagulation/flocculation, sedimentation, and inert media
filtration. Two treatment technologies that may be appropriate are ion exchange and reverse
osmosis.
Ion exchange involves the selective removal of charged inorganic species from water
using an ion-specific resin. The surface of the ion exchange resin contains charged functional
groups that hold ionic species by electrostatic attraction. As water passes by the resin, charged
ions on the resin surface are exchanged for the contaminant species in the water. When all of the
resin’s available exchange sites have been replaced with ions from the feed water, the resin is
exhausted and must be regenerated or replaced.
Wong (1984) evaluated eight technologies for their ability to remove boron from
evaporator product water at power plants. Boron concentration in the evaporator-product water
averaged 11 mg/L, and ranged as high as 38 mg/L. Only three technologies successfully reduced
boron levels to below 0.3 mg/L. These were a boron-specific ion exchange resin, a process of
coagulation, precipitation and filtration, and a strong-base anion-exchange resin. Wong
dismissed the coagulation, filtration, and filtration process as unacceptable due to high chemical
dosage requirements and high operating cost. Of the two ion exchange methods, Wong
determined that the strong-base anion exchange resin would have lower regeneration costs, at
least in the case of the evaporator product water, which is low in dissolved solids.
Reverse osmosis (RO) is similar to other membrane processes, such as ultrafiltration and
nanofiltration, in that water passes through a semi-permeable membrane. However, in the case
of RO, the membrane is non-porous. RO involves the use of applied hydraulic pressure to
oppose the osmotic pressure across the membrane, forcing the water from the concentrated1

The Method Detection Limit is a statistical estimate of the minimum concentration of a substance that can be
measured and reported with 99 percent confidence that the analyte concentration is greater than zero, i.e., greater
than the background signal. The calculation of the MDL is based upon the precision of a series of replicate
measurements of the analyte at low concentrations. The MDL incorporates estimates of the accuracy of the
determination. The MDL is not a concentration that can typically be measured by the method on a routine basis.
Detection limits may vary between analysts and laboratories under various laboratory conditions.

3-22

EPA – OGWDW

Regulatory Determinations Support Document for CCL 2

June 2008

solution side to the dilute-solution side. The water dissolves into the membrane, diffuses across,
then dissolves out into the permeate. Most inorganic and many organic contaminants are
rejected by the membrane and will be retained in the concentrate.
Folster et al. (1980) tested hollow-fiber (HF) RO and spiral-wound (SW) RO in two
separate treatment plants in New Mexico. At the treatment plant in San Jon, with influent boron
levels of 0.75 mg/L, HF RO and SW RO removed 15 percent and 3 percent of boron,
respectively. At Alamogordo, however, where influent concentrations were lower (0.09 mg/L),
HF RO and SW RO were ineffective; in fact, boron concentrations rose to 0.14 mg/L and 0.13
mg/L, respectively. These findings suggest that the potential for RO use in boron treatment is
limited.

3.5 Regulatory Determination
The Agency has made a determination not to regulate boron with a national primary
drinking water regulation (NPDWR). While boron was found at levels greater than the HRL
(and ½ the HRL) in several of the ground water systems surveyed by NIRS, it was not found at
levels greater than the HRL (or ½ the HRL) in the surface waters sources evaluated in the
AwwaRF study. Taking this surface water information into account, the Agency believes that
the overall national occurrence and exposure from both surface and ground water systems
together is likely to be lower than the values observed for the NIRS ground water data. Because
boron is not likely to occur at levels of concern when considering both surface and ground
waters systems, the Agency believes that an NPDWR does not present a meaningful opportunity
for health risk reduction.
The Agency plans to update the Health Advisory for boron to provide more recent health
information. The updated Health Advisory will provide information to any States with public
water systems that may have boron above the HRL. If a State finds highly localized occurrence
of boron at concentrations above the HRL, it should consider whether State-level guidance (or
some other type of action) may be appropriate.
The Agency’s regulatory determination for this contaminant is presented formally in the
Federal Register.
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Executive Summary
Dimethyl tetrachloroterephthalate (DCPA), a synthetic organic compound (SOC)
marketed under the trade name “Dacthal,” is a pre-emergent herbicide historically used to
control weeds in ornamental turf and plants, strawberries, seeded and transplanted vegetables,
cotton, and field beans. As of 1990, more than 80 percent of its use was for turf, including golf
courses and home lawns. Available data indicate that DCPA use declined significantly over the
course of the 1990s. On July 27, 2005, in response to concerns about groundwater
contamination (especially for one of the DCPA degradates), the registrant voluntarily terminated
most uses for products containing DCPA. DCPA is currently registered only for use on sweet
potatoes, eggplant, kale, and turnips.
DCPA is not particularly mobile or persistent in the environment. Biodegradation and
volatilization are the primary dissipation routes. Degradation of DCPA forms two breakdown
products, the mono-acid degradate (monomethyl tetrachloroterephthalate or MTP) and the diacid degradate (tetrachloroterephthalic acid or TPA). The di-acid, which is the major degradate,
is mobile and persistent in the field, with a potential to leach into water.
The present toxicity database for MTP and TPA is not sufficient to derive reference doses
(RfDs) for these two chemicals. However, since the available data indicate that neither MTP nor
TPA is more toxic than their parent compound, DCPA, the Agency believes that the RfD for the
DCPA parent would be protective against exposure from the two DCPA metabolites. Both
compounds are formed in the body from the DCPA parent, and therefore the toxicity of the
degradates is reflected in the observed toxicity of the parent compound. The RfD of 0.01
mg/kg/day for DCPA is based on a chronic rat study with a no-observed-adverse-effect level
(NOAEL) of 1.0 mg/kg/day, and incorporates an uncertainty factor of 100. Using the DCPA
RfD of 0.01 mg/kg/day and a 20 percent screening relative source contribution (RSC), the
Agency calculated a health reference level (HRL) of 0.07 mg/L or 70 µg/L for DCPA and used
this HRL for TPA and MTP. No sensitive subpopulations have been identified. Based on the
cancer data for DCPA and evidence that neither TPA nor DCPA is mutagenic, the Agency
concludes that TPA is unlikely to pose a cancer risk.
EPA evaluated the occurrence of the DCPA degradates in drinking water based on data
from the First Unregulated Contaminant Monitoring Regulation (UCMR 1). The results for the
two degradates are reported in aggregate. While the UCMR 1 data indicate that the DCPA
degradates were the most commonly reported analytes in the monitoring survey (detected at a
minimum reporting level or MRL of 1 µg/L in 776 samples from 177 of the 3,876 public water
systems or PWSs sampled, in 24 States and 1 Territory), very few systems exceeded thresholds
of health concern. Approximately 0.05 percent of the 3,876 PWSs sampled had a detection of
the DCPA degradates at levels greater than ½ the DCPA HRL (35 µg/L), affecting
approximately 0.33 percent of the population served. Approximately 0.03 percent of the 3,876
PWSs sampled had a detection of the DCPA degradates at levels greater than the DCPA HRL
(70 µg/L), affecting less than 0.01 percent of the population served.
EPA evaluated additional data on the occurrence of DCPA and its degradates in ambient
and drinking water from several sources. These supplemental sources included: the United
States Geological Survey’s (USGS’s) National Ambient Water Quality Assessment (NAWQA)
4-3

program, studies performed by the DCPA or dacthal registrant, the Pesticides in Ground Water
Database, and the National Pesticide Survey.
The Agency has made a determination not to regulate the DCPA mono-acid degradate
and/or the DCPA di-acid degradate with a national primary drinking water regulation (NPDWR).
Because these degradates appear to occur infrequently at health levels of concern in PWSs, the
Agency believes that an NPDWR does not present a meaningful opportunity for health risk
reduction. While the Agency recognizes that these degradates have been detected in the PWSs
monitored under the UCMR 1, only 1 PWS detected the degradates at a concentration above the
HRL.
The Agency plans to update the Health Advisory for the DCPA parent to include the
mono- and di- acid degradates, as well as any recent health information related to these
compounds. The updated Health Advisory will provide information to any States with public
water systems that may have DCPA degradates at levels above the HRL. If a State finds highly
localized occurrence of DCPA degradates at concentrations above the HRL, it should consider
whether State-level guidance (or some other type of action) may be appropriate.
The Agency’s regulatory determination for these contaminants is presented formally in
the Federal Register.
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4

DCPA Mono- and Di-Acid Degradates

4.1 Definition
Dimethyl tetrachloroterephthalate (DCPA), a synthetic organic compound (SOC), is a
phthalate herbicide. Common names for DCPA include Dacthal, 2,3,5,6-tetrachloro-1,4benzenedicarboxylic acid dimethyl ester, dimethyl 2,3,5,6-tetrachloroterephthalate, chlorthal
dimethyl, and Rid. The Chemical Abstracts Service (CAS) registry number for DCPA is 186132-1. In the environment, DCPA is readily metabolized. Tetrachloroterephthalic acid (TPA or
di-acid; C8H2Cl4O4; CAS number 2136-79-0) is the only significant DCPA metabolite, with
monomethyl tetrachloroterephthalic acid (mono-acid; C9H4Cl4O4; CAS number 887-54-7) as a
minor metabolite (USEPA, 1998).
4.1.1

Properties and Sources

DCPA is synthesized for use as a pre-emergent herbicide on annual grasses and broadleaf
weed species. As of 1990, more than 80 percent of DCPA use was for turf, including golf
courses and home lawns (USEPA, 1990a). Extoxnet (1996) estimated that roughly 20 percent
was used around homes and gardens (Extoxnet, 1996). DCPA does not occur naturally in the
environment. As of 1998, the manufacturing of DCPA was limited to three products registered
to ISK Biosciences Corporation (formerly Fermenta ASC Corporation) (USEPA, 1998). In
2005, many uses of DCPA were voluntarily cancelled by the current registrant, AMVAC (70 FR
43408). Technical grade DCPA exists as a colorless or white crystal. DCPA is virtually
insoluble in water. It is soluble in the following organic solvents in descending order of
solubility: benzene, toluene, xylene, dioxane, acetone, and carbon tetrachloride (USEPA, 1998).
Biodegradation is the primary dissipation process of DCPA, and degradation can occur by
several lytic and metabolic pathways (e.g., photolysis, or aerobic and anaerobic metabolism).
With the hydrolyzation of one ester bond, DCPA degrades to the mono-acid. When the second
ester bond is hydrolyzed, it is degraded to the di-acid. Some physical and chemical properties of
DCPA are listed in Exhibit 4-1. No information is available on the physical and chemical
properties of the mono- and di-acid degradates.
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Exhibit 4-1: Physical and Chemical Properties of DCPA
Identification
Chemical Abstracts Service
(CAS) Number

1861-32-1

Molecular Formula

C10H6Cl4O4
Physical and Chemical Properties

Boiling Point

360 - 370 °C 1

Melting Point

156 °C 2

Molecular Weight

331.99 g/mol 1

Log Koc

3.81 3

Log Kow

4.19 4

Water Solubility

0.5 mg/L at 25 °C 5

Vapor Pressure

2.5 x 10-6 mm Hg at 25 °C 6

Henry’s Law Constant

2.18 x 10-6 atm-m3/mol 7

Freundlich Isotherm Constant (K)

--

1

Tomlin, 1997 (as cited in HSDB, 2004)

2

Budavari, 1989 (as cited in HSDB, 2004)

3

Lyman et al., 1990 (as cited in HSDB, 2004)

4

Hansch et al., 1995 (as cited in HSDB, 2004)

5

Yalkowsky and Dannenfelser, 1992 (as cited in HSDB, 2004)

6

Glotfelty et al., 1984 (as cited in HSDB, 2004)

7

HSDB, 2004

4.1.2

Environmental Fate and Behavior

DCPA is neither particularly persistent nor mobile in the environment. Although DCPA
is relatively stable to hydrolysis and photolysis, it is susceptible to microbial degradation and
volatilization. In laboratory studies, DCPA half-lives ranged between 15 and 30 days (USEPA,
1998). In most soils and ground water, the half-life of DCPA is more variable, ranging from 14
to 100 days (Wauchope et al., 1992 as cited in Extoxnet, 1996). DCPA’s adsorption to clay and
organic matter results in minimal soil mobility (HSDB, 2004).
Microbial degradation of DCPA occurs under aerobic and anaerobic soil conditions. The
degradation rate increases with temperature and soil moisture (USEPA, 1998). The primary
product of both aerobic and anaerobic metabolism is the di-acid degradate, which is mobile,
persistent, and will leach in any type of soil. Under anaerobic soil conditions, the estimated halflife of DCPA is 37 to 59 days, with the final product being the di-acid degradate (USEPA, 1998).
Under aerobic conditions, the estimated half-life is 18 to 37 days. In a 1993 study by
Wettasinghe and Tinsley cited in the Reregistration Eligibility Decision (RED), essentially all of
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the DCPA was transformed to di-acid DCPA after 197 days, although minor amounts of monoacid DCPA were observed (USEPA, 1998). In a 300-day study, the half-life of mono-acid
DCPA was about 2.8 days, while di-acid DCPA was persistent and barely degraded at all
(Doran, 1990 as cited in USEPA, 1998).
Accumulation of DCPA in water is a major fate process for this contaminant. There is
virtually no degradation of DCPA in water ranging from moderately acidic to moderately
alkaline (pH 5.0 to pH 9.0). Breakdown is due to the action of sunlight and the half-life is
greater than 1 week (Extoxnet, 1996). Substantial bioaccumulation of DCPA was observed in
bluegill sunfish. Bioconcentration factors of 1,984, 777, and 2,574 were measured in whole fish,
edible tissue, and viscera, respectively (USEPA, 1998). DCPA metabolism in fish tissues is
inconsequential, but demethylation is detectable (Szalkowski et al., 1980; Szalkowski et al.,
1981 both as cited in USEPA, 1998).
Volatilization is also a major route of DCPA dissipation from soil. Despite a relatively
low Henry’s Law Constant (see Exhibit 4-1) and a high log Koc, numerous published studies
document the volatility of parent DCPA (USEPA, 1998). Nash and Gish (1989 as cited in
USEPA, 1998) suggest that DCPA volatilization may be controlled by adsorption and diffusion;
thus vapor pressure would not be a good indicator (USEPA, 1998). Volatilization accounts for
20 to 40 percent of DCPA loss under normal soil conditions, but can be significantly higher with
increased field moisture and soil temperature (USEPA, 1998).
In the atmosphere, DCPA exists in both the vapor phase and the particulate phase. In the
vapor phase, DCPA degrades through a reaction with photochemically produced hydroxyl
radicals and has an estimated half-life of 36 days (HSDB, 2004). Wet and dry deposition can
physically remove particulate-phase DCPA from the atmosphere (HSDB, 2004). Atmospheric
transport has been implicated in DCPA contamination of crops that were not treated with DCPA
(USEPA, 1998).

4.2 Health Effects
Currently, no subchronic or chronic studies are available to assess the toxicological
effects of MTP (the mono-acid degradate) and 3 studies in rats (30 and 90-day feeding studies
and a one-generation reproductive study) are available for TPA (the di-acid degradate). The
effects of exposure were mild (weight loss and diarrhea) and occurred at doses greater than or
equal to 2,000 mg/kg/day. No reproductive effects were observed.
The present toxicity database for MTP and TPA is not sufficient to derive reference doses
(RfDs) for these two chemicals. However, since the available data indicate that neither MTP nor
TPA are more toxic than their parent compound, DCPA, the Agency suggests that the RfD for
the DCPA parent would be protective against exposure from these two DCPA metabolites
(USEPA, 1998). Both compounds are formed in the body from the DCPA parent and therefore,
the toxicity of these degradates is reflected in the toxicity of the parent. The RfD for DCPA is
0.01 mg/kg/day based on a chronic rat study (ISK Biotech Corporation, 1993) with a
no-observed-adverse-effect level (NOAEL) of 1.0 mg/kg/day and an uncertainty factor of 100
for rat to human extrapolation and intra-species variability.
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No carcinogenicity studies have been performed using either TPA or MTP. Based on the
cancer data for the parent and lack of mutagenicity for TPA and DCPA, the Agency (USEPA,
2004) concludes that TPA is unlikely to pose a cancer risk. Klopman et al. (1996) evaluated the
carcinogenic potential of TPA based on its chemical and biological properties, as well as by a
variety of computational tools, and determined that it did not present any substantial
carcinogenic risk. There was suggestive evidence that DCPA could be carcinogenic based on an
increased incidence of thyroid and liver tumors in rats. The presence of hexachlorobenzene and
dioxin as impurities in the material tested could have contributed to the cancer risk.
Using the DCPA RfD of 0.01 mg/kg/day (USEPA, 1994) and a 20 percent screening
relative source contribution (RSC), the Agency calculated a health reference level (HRL) of 0.07
mg/L or 70 µg/L for DCPA and used this HRL for TPA and MTP.
EPA also evaluated whether health information is available regarding the potential
effects on children and other sensitive populations. There are no data that identify a particular
sensitive population for DCPA exposure. Results of a single developmental study indicate that
exposure to pregnant dams with doses less than or equal to 2,500 mg/kg/day of TPA via gavage
did not have an adverse effect on the fetus. EPA did not identify any data that suggest genderrelated differences in toxicity or sensitivity in the elderly.

4.3 Occurrence and Exposure
4.3.1

Use and Environmental Release

DCPA, marketed under the trade name “Dacthal,” was first introduced as a pesticide in
1958. Until recently it was registered for both commercial and residential use, including use as a
selective pre-emergence weed control on ornamental turf and plants, strawberries, seeded and
transplanted vegetables, cotton, and field beans (USEPA, 1998). On July 27, 2005, in response
to concerns about groundwater contamination (especially for one of the DCPA degradates), the
registrant voluntarily terminated residential uses of DCPA and many uses on vegetable and nut
products (70 FR 43408). The only uses retained were for sweet potatoes, eggplant, kale, and
turnip.
To prevent the direct ingestion of DCPA by humans or livestock, DCPA use is subject to
certain restrictions. These restrictions prohibit: direct application of DCPA to water or wetlands;
effluent discharge containing DCPA to sewage plants without notifying the proper authorities;
effluent discharge to rivers, lakes, ponds or other bodies of fresh- or saltwater; feeding clippings
or vegetation treated with DCPA to livestock; and grazing livestock in treated areas (USEPA,
1998).
Several studies and reports, described below, provide estimates of recent DCPA use in
the United States. However, these estimates should be interpreted with caution, because none of
them consider all uses. In 1990, an EPA report suggested that more than 80 percent of DCPA
use was on turf, including golf courses and home lawns (USEPA, 1990a). It is not clear how the
percentage of turf use may have changed since then, and what percentage of DCPA use
(including turf use) is commercial as opposed to residential.
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EPA’s estimate of commercial DCPA use in the early 1990s, based on proprietary data as
well as data from the United States Department of Agriculture, the State of California, and the
National Center for Food and Agricultural Policy (NCFAP), is that approximately 1.6 million
pounds of active ingredient (a.i.) (range of 1.1 million pounds to 2.1 million pounds) were used
annually on about 241,000 to 404,000 acres (USEPA 1998). That estimate includes application
on golf courses and sod farms (totaling approximately 225,000 to 450,000 pounds a.i. on 37,000
to 58,000 acres), but does not include residential uses. Separately, EPA has estimated that
annual use of DCPA in homes and gardens between 1994 and 1999 has consistently fallen in the
range of 1 million to 3 million pounds a.i. (USEPA 1997, 1999, 2002)
NCFAP lists annual DCPA use on 26 crops totaling approximately 1.7 million pounds
a.i. on approximately 273,000 acres around the year 1992, and annual DCPA use on 18 crops
totaling approximately 0.6 million pounds a.i. on approximately 106,000 acres around the year
1997 (NCFAP, 2003). The NCFAP estimates are based on State-level usage patterns for the
periods 1990-1993 and 1995-1998, keyed to State-level crop acreage for 1992 and 1997. Only
cropland uses are included in these data; the estimates include sod farms but exclude golf
courses and residential uses. For more information on NCFAP pesticide use estimates, see
Chapter 2.
The United States Geological Survey (USGS) has combined State-level NCFAP pesticide
usage data with more precise county-level Census of Agriculture acreage data to calculate
national pesticide use (Thelin and Gianessi, 2000). Annual DCPA use around 1992 was
estimated to be approximately 998,000 pounds a.i. on approximately 185,000 acres. While
USGS has not published national estimates for 1997, an estimate of approximately 525,000
pounds a.i. can be inferred from the “total pounds applied” and “percent national use” data in the
1997 geographical distribution map (Exhibit 4-2). USGS estimates, based partly on NCFAP
data, also have limitations; the estimates reflect cropland uses, including sod farming, but no
other uses.
Total annual DCPA usage in recent years, including agricultural usage, commercial nonagricultural turf usage (e.g., on golf courses), and residential usage, can not be estimated with
precision from the data summarized above. The annual total might fall anywhere between 1.5
million and 5 million pounds. No trends are apparent in the EPA estimates of homeowner use,
but both the NCFAP data and the USGS estimates suggest a significant decline in agricultural
use of DCPA during the 1990s (i.e., from 1.0-1.7 million pounds a.i. per year to 0.5-0.6 million
pounds a.i. per year). With the recent termination of many DCPA uses, it is reasonable to expect
that DCPA applications will continue to decline.
Exhibit 4-2 shows the estimated geographic distribution and intensity of typical annual
DCPA use in the United States in the late 1990s. A breakdown of use by crop is also included.
The map indicates that agricultural uses of DCPA are generally concentrated along the entire
eastern seaboard, in the Great Lakes States, and in a large, ten-State area of the west, stretching
from Washington and Idaho to California, Colorado, and Texas. The map was created by the
USGS using NCFAP State-level estimates of pesticide use rates from 1995-1998 and
county-level data on harvested crop acreage from the 1997 Census of Agriculture (USGS, 2004).
Due to the nature of the data sources, non-agricultural uses are not reflected here and variations
in use at the county-level are also not well represented (Thelin and Gianessi, 2000). For more
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information on the USGS pesticide use maps, see Chapter 2. As noted above, approximately 80
percent of DCPA use is for weed control on turf, including golf courses, and home lawns; these
uses are not represented in the map. The actual geographic distribution of most DCPA use,
therefore, is not well known.

Exhibit 4-2: Estimated Annual Agricultural Use of DCPA (c. 1997)

Source: USGS, 2004

The DCPA mono- and di-acid degradates have no known uses, and the application of
DCPA is the only known source of the degradates in the environment.
4.3.2

Ambient Water Occurrence

Ambient lakes, rivers, and aquifers are the source of most drinking water. Data on the
occurrence of DCPA and its mono-acid degradate in ambient surface and ground water are
available from the National Water Quality Assessment (NAWQA) program of the USGS. For
details on the NAWQA program, see discussion in Chapter 2. NAWQA data have been
analyzed independently by USGS and EPA. In addition, several smaller studies of ambient
occurrence were conducted for purposes of pesticide reregistration.
NAWQA National Pesticide Synthesis
Surface Water and Ground Water
Under the NAWQA program, USGS monitored DCPA (listed as “dacthal”) and DCPA
mono-acid degradate (listed as “dacthal monoacid”) between 1992 and 2001 in representative
watersheds and aquifers across the country. Reporting limits varied but did not exceed 0.003
µg/L for DCPA and 0.070 µg/L for the degradate.
In surface water NAWQA samples (Exhibit 4-3), DCPA was found at frequencies
ranging from 6.34% of samples in undeveloped areas to 11.46% of samples in agricultural
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settings, 15.4% of samples in mixed land use settings, and 21.78% of samples in urban areas.
The higher frequency of occurrence in samples from urban areas may reflect that the majority of
DCPA use is on turf (e.g., golf courses and lawns) rather than on agricultural crops. The 95th
percentile concentrations were a non-detect in undeveloped settings, 0.003 µg/L in agricultural
settings, 0.004 µg/L in mixed land use settings, and 0.007 µg/L in urban land use settings. The
highest concentration, estimated at 40 µg/L, was found at an agricultural site (Martin et al.,
2003).

Exhibit 4-3: USGS National Synthesis Summary of NAWQA Monitoring of DCPA
(Dacthal) in Ambient Surface Water, 1992-2001

Land Use Type

No. of
Samples
(and No.
of Sites)

Detection
Frequency

50th Percentile
(Median)
Concentration

95th Percentile
Concentration

Maximum
Concentration

Agricultural

1,890 (78)

11.46%

<RL

0.003 µg/L

40 µg/L (E)

Mixed

1,020 (47)

15.40%

<RL

0.004 µg/L

0.179 µg/L

Undeveloped

60 (4)

6.34%

<RL

<RL

0.003 µg/L

Urban

902 (33)

21.78%

<RL

0.007 µg/L

0.045 µg/L

Abbreviations:
RL = Reporting limit. Reporting limits for dacthal varied, but did not exceed 0.003 µg/L.
E = Estimated (outside normal calibration limits)
Note: The USGS Pesticide National Synthesis used one year of data, generally the year with the most sampling results, to
represent each site in this analysis. The sampling results were time-weighted, to eliminate bias from more frequent sampling at
certain times of year. Detection Frequencies and Percentile Concentrations can be interpreted as representing annual occurrence.
For instance, the detection frequency can be thought of as the percent of the year in which detections are found at a typical site in
th
this land use category, and the 95 percentile concentration can be thought of as a concentration that is not exceeded for 95% of
the year at a typical site in this land use category.
Source: Martin et al., 2003

The DCPA mono-acid degradate was not detected in surface water samples in
undeveloped areas, mixed land use settings, or urban areas (Exhibit 4-4). It was detected in
0.18% of surface water samples in agricultural settings. The 95th percentile concentrations were
non-detects in all land use settings. The maximum surface water concentration in agricultural
settings was 0.430 µg/L (Martin et al., 2003).
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Exhibit 4-4: USGS National Synthesis Summary of NAWQA Monitoring of DCPA’s
Mono-Acid Degradate in Ambient Surface Water, 1992-2001

Land Use
Type

No. of
Samples
(and No. of
Sites)

Detection
Frequency

50th Percentile
(Median)
Concentration

95th Percentile
Concentration

Maximum
Concentration

Agricultural

1,233 (48)

0.18%

<RL

<RL

0.430 µg/L

Mixed

561 (25)

0.00%

<RL

<RL

<RL

Undeveloped

19 (1)

0.00%

<RL

<RL

<RL

Urban

503 (18)

0.00%

<RL

<RL

<RL

Abbreviations:
RL = Reporting limit. Reporting limits for dacthal mono-acid varied, but did not exceed 0.070 µg/L.
Note: The USGS Pesticide National Synthesis used one year of data, generally the year with the most sampling results, to
represent each site in this analysis. The sampling results were time-weighted to eliminate bias from more frequent sampling at
certain times of year. Detection Frequencies and Percentile Concentrations can be interpreted as representing annual occurrence.
For instance, the detection frequency can be thought of as the percent of the year in which detections are found at a typical site in
th
this land use category, and the 95 percentile concentration can be thought of as a concentration that is not exceeded for 95% of
the year at a typical site in this land use category.
Source: Martin et al., 2003

In ground water (Exhibit 4-5), DCPA detection frequencies ranged from 0% (no detects)
in undeveloped settings to 0.44% in mixed land use (major aquifer) settings, 0.96% in urban
settings, and 1.18% in agricultural settings. The 95th percentile concentrations were non-detects
in all land use settings. The highest ground water concentration, estimated at 10 µg/L, was
found at an agricultural site (Kolpin and Martin, 2003).
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Exhibit 4-5: USGS National Synthesis Summary of NAWQA Monitoring of DCPA
(Dacthal) in Ambient Ground Water, 1992-2001
Land Use
Type
Agricultural
Mixed (Major
Aquifer)
Undeveloped
Urban

1,443

1.18%

50th Percentile
(Median)
Concentration
<RL

2,717

0.44%

<RL

<RL

0.004 µg/L

67
834

0.00%
0.96%

<RL
<RL

<RL
<RL

<RL
0.011 µg/L

No. of
Wells

Detection
Frequency

95th Percentile
Concentration

Maximum
Concentration

<RL

10 µg/L (E)

Abbreviations:
RL = Reporting limit. Reporting limits for dacthal varied, but did not exceed 0.003 µg/L.
E = Estimated (outside normal calibration limits)
Notes: The USGS Pesticide National Synthesis considered each well a distinct site in this analysis. Each well was represented by
one sample: normally the first one taken, but possibly a later sample if the first sample was not analyzed for the full range of
analytes.
Percentile Concentrations were drawn from the range of detects and non-detects. The method for calculating Percentile
Concentrations varied depending on how much of the data was censored at particular levels by the laboratory.
Source: Kolpin and Martin, 2003

The DCPA mono-acid degradate was not detected in ground water samples in
undeveloped areas, mixed land use (major aquifer) settings, or urban areas (Exhibit 4-6). It was
detected in 0.08% of ground water samples in agricultural settings. The 95th percentile
concentrations were non-detects in all land use settings. The maximum ground water
concentration in agricultural settings was 1.1 µg/L (Kolpin and Martin, 2003).

Exhibit 4-6: USGS National Synthesis Summary of NAWQA Monitoring of DCPA’s
Mono-Acid Degradate in Ambient Ground Water, 1992-2001
Land Use
Type
Agricultural
Mixed (Major
Aquifer)
Undeveloped
Urban

1,217

0.08%

50th Percentile
(Median)
Concentration
<RL

1,474

0.00%

<RL

<RL

<RL

46
619

0.00%
0.00%

<RL
<RL

<RL
<RL

<RL
<RL

No. of
Wells

Detection
Frequency

95th Percentile
Concentration

Maximum
Concentration

<RL

1.1 µg/L

Abbreviations:
RL = Reporting limit. Reporting limits for dacthal mono-acid varied, but did not exceed 0.07 µg/L.
Notes: The USGS Pesticide National Synthesis considered each well a distinct site in this analysis. Each well was represented by
one sample: normally the first one taken, but possibly a later sample if the first sample was not analyzed for the full range of
analytes.
Percentile Concentrations were drawn from the range of detects and non-detects. The method for calculating Percentile
Concentrations varied depending on how much of the data was censored at particular levels by the laboratory.
Source: Kolpin and Martin, 2003
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Bed Sediments and Biotic Tissue
The NAWQA program also investigated the occurrence of select organochlorine
compounds, including DCPA, in bed sediments and biotic tissue. Sampling was conducted at
1,310 sites from 1992 to 2001. Method detection limits were 5 µg/kg dry weight in sediment,
and 5 µg/kg wet weight in tissue. Details regarding sampling techniques and analytical methods
are described by Nowell (2003). Organochlorines can be present in biotic tissue and in bed
sediments of aquatic systems even when they are undetectable in the water column using
conventional methods. The occurrence of a toxic compound in stream sediments is pertinent to
drinking water concerns because some desorption of the compound from sediments into water,
albeit at low rates, may be expected to occur through equilibrium reactions.
Exhibit 4-7 presents the NAWQA occurrence data for DCPA in bed sediment. These
data indicate that DCPA occurred in bed sediment at detection frequencies ranging from 0.0% in
urban settings to 0.5% in undeveloped settings, 0.6% in mixed land use settings, and 1.8% in
agricultural land use settings. The 95th percentile concentrations in all land use settings were
non-detects. The highest concentration, 33.7 µg/kg dry weight, was found in a mixed land use
setting (Nowell, 2003).

Exhibit 4-7: USGS National Synthesis Summary of NAWQA Monitoring of DCPA
in Bed Sediment, 1992-2001
Land Use
Type
Agricultural
Mixed
Undeveloped
Urban

No. of
Sites
282
338
224
166

Detection
Frequency
1.8%
0.6%
0.5%
0.0%

50th Percentile
(Median)
Concentration
<RL
<RL
<RL
<RL

95th Percentile
Concentration
<RL
<RL
<RL
<RL

Maximum
Concentration
25 µg/kg
33.7 µg/kg
5 µg/kg
<RL

Abbreviations:
RL = Reporting limit. Reporting limits for DCPA varied, but did not exceed 5 µg/kg.
Notes: For bed sediment, all weights are dry weights.
Most sites were sampled only once. In the case of sites sampled multiple times, USGS used a single sample (the earliest sample
with complete data for key analytes) to represent each site in this analysis.
Percentile Concentrations were drawn from the range of detects and non-detects. The method for calculating Percentile
Concentrations varied depending on how much of the data was censored at particular levels by the laboratory.
Source: Nowell, 2003

In whole fish, DCPA detection frequencies ranged from 1.9% in undeveloped settings to
2.0% in urban settings, 4.5% in mixed settings, and 5.0% in agricultural settings (Exhibit 4-8).
The 95th percentile concentrations in all settings were non-detects. The highest concentration, 78
µg/kg wet weight, was found in an agricultural setting (Nowell, 2003).
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Exhibit 4-8: USGS National Synthesis Summary of NAWQA Monitoring of DCPA
in Whole Fish, 1992-2001
Land Use
Type

No. of
Sites

Detection
Frequency

Agricultural
Mixed
Undeveloped
Urban

204
207
162
100

5.0%
4.5%
1.9%
2.0%

50th Percentile
(Median)
Concentration
<RL
<RL
<RL
<RL

95th Percentile
Concentration

Maximum
Concentration

<RL
<RL
<RL
<RL

78 µg/kg
63 µg/kg
32 µg/kg
8.5 µg/kg

Abbreviations:
RL = Reporting limit. Reporting limits for DCPA varied, but did not exceed 5 µg/kg.
Notes:
For whole fish, all weights are wet weights.
Most sites were sampled only once. In the case of sites sampled multiple times, USGS used a single sample (from the first year of
sampling, the earliest sample of the variety of fish most often sampled in that Study Unit) to represent each site in this analysis.
Percentile Concentrations were drawn from the range of detects and non-detects. The method for calculating Percentile
Concentrations varied depending on how much of the data was censored at particular levels by the laboratory.
Source: Nowell, 2003

EPA Summary Analysis of NAWQA Data
Whereas the NAWQA program often uses the most representative data for a site to
calculate summary statistics, EPA, with the cooperation of USGS, has performed a summary
analysis of all Cycle 1 water monitoring data from all study units (1991-2001) for many of the
Second Contaminant Candidate List (CCL 2) contaminants being considered for regulatory
determination, including DCPA and the mono-acid degradate. Detection frequencies were
simply computed as the percentage of samples and sites with detections (i.e., with at least one
result equal to or greater than the reporting limit). Note that reporting limits were not uniform.
Sample detections can be biased by frequent sampling in areas with high (or low) occurrence.
Calculating the percentage of sites with detections can reduce this bias. For more details on the
data set and the EPA analysis, see Chapter 2.
The results of the EPA analysis are presented in the following two Exhibits. Overall,
DCPA was detected in 10.9% of samples and at 6.3% of sites. DCPA was detected more
frequently in surface water than in ground water, and the highest concentration (100 µg/L) was
found in surface water.
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Exhibit 4-9: EPA Summary Analysis of DCPA Data from NAWQA Study Units,
1992-2001
Concentration Values
(of detections, in µg/L)

Detection Frequency
(detections are results ≥ RL1)

surface
water
ground
water
all
sites
1

95th
99th
Median Percen- Percen- Maximum
tile
tile

Number
of
Samples

% Samples
with
Detections

Number
of Sites

% Sites
with
Detections

Minimum

14,872

15.1%

1,907

21.0%

0.000004

0.003

0.078

0.99

100

6,080

0.8%

5,211

0.8%

0.0006

0.002

0.011

10

10

20,952

10.9%

7,118

6.3%

0.000004

0.003

0.0756

1

100

RLs (Reporting Limits) for DCPA varied but did not exceed 0.003 µg/L. See Chapter 2 for more information.

Note that because this EPA analysis involves more data points than the USGS analyses presented above, a direct comparison is
not possible.

The DCPA mono-acid degradate was detected in 0.2% of samples and at 0.3% of sites.
The DCPA mono-acid degradate was detected more frequently in surface water than in ground
water, and the highest concentration (1.2 µg/L) was found in surface water.

Exhibit 4-10: EPA Summary Analysis of DCPA Mono-Acid Degradate Data from
NAWQA Study Units, 1992-2001
Concentration Values
Detection Frequency
(of detections, in µg/L)
(detections are results ≥ RL1)
%
95th
% Sites
99th
Number
Samples Number
Minimum Median Percen- Percenof
with
of Sites
with
Samples
Detections
tile
tile
Detections
surface
water
ground
water
all
sites
1.

Maximum

5,535

0.3%

894

1.1%

0.007

0.11

1.2

1.2

1.2

4,019

0.05%

3,645

0.1%

0.0395

0.5698

1.1

1.1

1.1

9,554

0.2%

4,539

0.3%

0.007

0.11

1.2

1.2

1.2

RLs (Reporting Limits) for DCPA mono-acid varied but did not exceed 0.07 µg/L. See Chapter 2 for more information.

Note that because this EPA analysis involves more data points than the USGS analyses presented above, a direct comparison is
not possible.

Pesticide Reregistration Studies
Several small-scale studies on DCPA occurrence began in 1992 in support of DCPA
reregistration. The studies are summarized in EPA’s RED for DCPA (USEPA, 1998).
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For ground water, two monitoring studies were conducted. In New York State, a total of
29.4 pounds a.i. per acre were applied in three applications to a turf crop. Nine wells were tested
over 17 months for detection of DCPA and its two metabolites. In California, a total of 18.2
pounds a.i. per acre were applied in two applications to an onion crop. Eight wells were tested
over 22 months for detection of DCPA residues. In both ground water studies, the detection
limit was 0.1 µg/L (USEPA, 1998).
Detected concentrations of DCPA and its two degradates were summed together. The
New York site had an average sum of 50.36 µg/L for nine wells, and the California site had an
average sum of 12.75 µg/L for eight wells (USEPA, 1998).
4.3.3

Drinking Water Occurrence

Nationally representative data on the occurrence of DCPA mono-acid and di-acid
degradates in drinking water have been collected by large and small public water systems in
accordance with EPA’s First Unregulated Contaminant Monitoring Regulation (UCMR 1). For
details on the UCMR 1, see Chapter 2 and USEPA (2008). Supplemental data from State and
regional studies provide an indication of DCPA occurrence, and the occurrence of its most
common degradates, in high-use areas.
UCMR 1
UCMR 1 monitoring was conducted primarily between 2001 and 2003, though some
results were not collected and reported until as late as 2006. As List 1 contaminants, DCPA
mono- and di-acid degradates were scheduled to be monitored by all large community water
systems (CWSs) and non-transient non-community water systems (NTNCWSs) and a
statistically representative sample of small CWSs and NTNCWSs. The data presented in this
report reflect UCMR 1 analytical samples submitted and quality-checked under the regulation as
of March 2006. DCPA degradate data were collected and submitted by 797 (99.6 percent) of the
800 small systems selected for the small system sample and 3,079 (99.3 percent) of the 3,100
large systems defined as eligible for the UCMR 1 large system census.
Because the analytical method approved for UCMR 1 use does not distinguish between
the two degradates, they are measured and reported in aggregate. The DCPA degradate data
have been analyzed at the level of simple detections (at or above the minimum reporting level, ≥
minimum reporting level (MRL), or ≥ 1 µg/L), exceedances of the HRL (> HRL, or > 70 µg/L),
and exceedances of one-half the value of the HRL (> 2 HRL, or > 35 µg/L). Results of the
analysis are presented in Exhibits 4-11 and 4-12.
Among small systems, DCPA degradate detections (≥ MRL, or ≥ 1 µg/L) were reported
by 2.13% of public water systems (PWSs), representing 3.19% of the population served,
equivalent to approximately 1.1 million people nationally. All but one of these systems was
served by ground water. Only a single small system had a concentration greater than half the
Health Reference Level (> 2 HRL, or > 35 µg/L) and the full HRL (> HRL, or > 70 µg/L); this
ground water system represented 0.13% of small PWSs and 0.02% of the population served by
them, equivalent to 113,000 persons nationally.
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Among large systems, 160 systems (5.20%) had detections (≥ MRL, or ≥ 1 µg/L),
affecting approximately 11.3 million people (5.07% of the population served). Most of these
were ground water systems. A single large system had a concentration greater than half the
Health Reference Level (> 2 HRL, or > 35 µg/L); this surface water system represented 0.03%
of large PWSs and 0.33% of the population served by them (approximately 738,000 people). No
large systems had detections at concentrations greater than the HRL (> HRL, or > 70 µg/L).
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Exhibit 4-11: Summary UCMR 1 Occurrence Statistics for DCPA Mono- and DiAcid Degradates in Small Systems (Based on Statistically Representative National
Sample of Small Systems)
UCMR Data Small Systems

Frequency Factors

National System &
Population Numbers1

Total Number of Samples

3,272

--

Percent of Samples with Detections

1.16%

--

99th Percentile Concentration (all samples)

1.3 µg/L

--

Health Reference Level (HRL)

70 µg/L

--

Minimum Reporting Level (MRL)

1 µg/L

--

Maximum Concentration of Detections

190 µg/L

--

99th Percentile Concentration of Detections

190 µg/L

--

Median Concentration of Detections

1.8 µg/L

--

797
590
207

60,414
56,072
4,342

2,760,570
1,939,815
820,755

45,414,590
36,224,336
9,190,254

Total Number of PWSs
Number of GW PWSs
Number of SW PWSs
Total Population
Population of GW PWSs
Population of SW PWSs
Occurrence by System

Number

Percentage

PWSs with Detections (> MRL)
GW PWSs with Detections
SW PWSs with Detections

17
16
1

2.13%
2.71%
0.48%

National Extrapolation2
689
652
37

PWSs > 1/2 HRL
GW PWSs > 1/2 HRL
SW PWSs > 1/2 HRL

1
1
0

0.13%
0.17%
0.00%

373
373
0

PWSs > HRL
GW PWSs > HRL
SW PWSs > HRL
Occurrence by Population Served

1
1
0

0.13%
0.17%
0.00%

373
373
0

87,933
86,433
1,500

3.19%
4.46%
0.18%

1,118,000
1,074,000
44,000

Population Served by PWSs > 1/2 HRL
Pop. Served by GW PWSs > 1/2 HRL
Pop. Served by SW PWSs > 1/2 HRL

500
500
0

0.02%
0.03%
0.00%

113,000
113,000
0

Population Served by PWSs > HRL
Pop. Served by GW PWSs > HRL
Pop. Served by SW PWSs > HRL

500
500
0

0.02%
0.03%
0.00%

113,000
113,000
0

Population Served by PWSs with Detections
Pop. Served by GW PWSs with Detections
Pop. Served by SW PWSs with Detections

1. Total PWS and population numbers are from EPA September 2004 Drinking Water Baseline Handbook, 4th edition.
2. National extrapolations are generated separately for each population-served size stratum and then added to yield the national estimate of GW PWSs with
detections (and population served) and SW PWSs with detections (and population served). For intermediate calculations at the level of individual strata, see EPA’s
UCMR 1 Occurrence Report, entitled AThe Analysis of Occurrence Data from the First Unregulated Contaminant Monitoring Regulation (UCMR 1) in Support of
Regulatory Determinations for the Second Drinking Water Contaminant Candidate List.@
Abbreviations:
PWS = Public Water Systems; GW = Ground Water; SW = Surface Water; N/A = Not Applicable; Total Number of Samples = the total number of samples on
record for the contaminant; 99th Percentile Concentration = the concentration in the 99th percentile sample (out of either all samples or just samples with
detections); Median Concentration of Detections = the concentration in the median sample (out of samples with detections); Total Number of PWSs = the total
number of PWSs for which sampling results are available; Total Population Served = the total population served by PWSs for which sampling results are available;
PWSs with detections, PWSs > 2 HRL, or PWSs > HRL = PWSs with at least one sampling result greater than or equal to the MRL, exceeding the 2 HRL
benchmark, or exceeding the HRL benchmark, respectively; Population Served by PWSs with detections, by PWSs > 2 HRL, or by PWSs > HRL = population
served by PWSs with at least one sampling result greater than or equal to the MRL, exceeding the 2 HRL benchmark, or exceeding the HRL benchmark,
respectively.
Notes:
-Small systems are those that serve 10,000 persons or fewer.
-Only results at or above the MRL were reported as detections. Concentrations below the MRL are considered non-detects.
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Exhibit 4-12: Summary UCMR 1 Occurrence Statistics for DCPA Mono- and DiAcid Degradates in Large Systems (Based on the Census of Large Systems)
UCMR Data Large Systems

Frequency Factors
Total Number of Samples

30,638

Percent of Samples with Detections

2.41%

th

99 Percentile Concentration (all samples)

< MRL

Health Reference Level (HRL)

70 µg/L

Minimum Reporting Level (MRL)

1 µg/L

Maximum Concentration of Detections

39.0 µg/L

th

99 Percentile Concentration of Detections

16.0 µg/L

Median Concentration of Detections

2.0 µg/L

Total Number of PWSs
Number of GW PWSs
Number of SW PWSs

3,079
1,389
1,690

Total Population
Population of GW PWSs
Population of SW PWSs
Occurrence by System

222,266,208
53,537,353
168,728,855
Number

Percentage

160
109
51

5.20%
7.85%
3.02%

PWSs > 1/2 HRL
GW PWSs > 1/2 HRL
SW PWSs > 1/2 HRL

1
0
1

0.03%
0.00%
0.06%

PWSs > HRL
GW PWSs > HRL
SW PWSs > HRL
Occurrence by Population Served

0
0
0

0.00%
0.00%
0.00%

11,269,436
6,082,979
5,186,457

5.07%
11.36%
3.07%

738,337
0
738,337

0.33%
0.00%
0.44%

0
0
0

0.00%
0.00%
0.00%

PWSs with Detections (> MRL)
GW PWSs with Detections
SW PWSs with Detections

Population Served by PWSs with Detections
Pop. Served by GW PWSs with Detections
Pop. Served by SW PWSs with Detections
Population Served by PWSs > 1/2 HRL
Pop. Served by GW PWSs > 1/2 HRL
Pop. Served by SW PWSs > 1/2 HRL
Population Served by PWSs > HRL
Pop. Served by GW PWSs > HRL
Pop. Served by SW PWSs > HRL

Abbreviations:
PWS = Public Water Systems; GW = Ground Water; SW = Surface Water; N/A = Not Applicable; Total Number of Samples = the total number of samples on
record for the contaminant; 99th Percentile Concentration = the concentration in the 99th percentile sample (out of either all samples or just samples with
detections); Median Concentration of Detections = the concentration in the median sample (out of samples with detections); Total Number of PWSs = the total
number of PWSs for which sampling results are available; Total Population Served = the total population served by PWSs for which sampling results are available;
PWSs with detections, PWSs > 2 HRL, or PWSs > HRL = PWSs with at least one sampling result greater than or equal to the MRL, exceeding the 2 HRL
benchmark, or exceeding the HRL benchmark, respectively; Population Served by PWSs with detections, by PWSs > 2 HRL, or by PWSs > HRL = population
served by PWSs with at least one sampling result greater than or equal to the MRL, exceeding the 2 HRL benchmark, or exceeding the HRL benchmark,
respectively.
Notes:
-Large systems are those that serve more than 10,000 persons.
-Only results at or above the MRL were reported as detections. Concentrations below the MRL are considered non-detects.

4-26

The following maps, based on UCMR 1 data, give an indication of the geographic
distribution of DCPA degradate occurrence in drinking water. Exhibit 4-13 shows the
distribution of States with at least one detection. Exhibit 4-14 shows the relative frequency of
detection in those States. Exhibit 4-15 shows the distribution of States with HRL exceedances.
Although detections of DCPA degradates were relatively widespread, only one State—
Michigan—had a concentration in excess of the HRL.

Exhibit 4-13: Geographic Distribution of DCPA Degradates in UCMR 1 Monitoring
B States With At Least One Detection At or Above the MRL (≥ 1 µg/L)
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Exhibit 4-14: Geographic Distribution of DCPA Degradates in UCMR 1 Monitoring
B Percentage of PWSs With At Least One Detection At or Above the MRL (≥ 1
µg/L), By State

Note: This map depicts UCMR 1 results from both small systems and large
systems. The statistical selection of UCMR 1 small systems was designed
to be representative at the national level, but not at the state level.
Therefore, this map should only be considered a rough approximation of
state-level patterns of contaminant occurrence.
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Exhibit 4-15: Geographic Distribution of DCPA Degradates in UCMR 1 Monitoring
B States With at Least One Detection Above the HRL (> 70 µg/L)

Exhibit 4-16 shows the location of PWSs with detections even more precisely. At this
level of analysis, it is clear that the 177 systems with detections of DCPA degradates are
generally restricted to a few areas: California and Arizona, the Salt Lake City region, Nebraska,
the Minneapolis-St. Paul metropolitan area, southern Lake Michigan, Philadelphia to New York
City, and eastern Massachusetts and Rhode Island. The size of the dot represents the magnitude
of the highest concentration detected at the system. The greatest grouping of high-concentration
detections is in the Philadelphia to New York City vicinity. It is important to note, however, that
all of the concentrations of DCPA degradates detected--with the exception of a single detection
in Michigan--are below the HRL of 70 µg/L.
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Exhibit 4-16: System-level Geographic Distribution of DCPA Degradates in UCMR
1 Monitoring B Maximum Concentration at Each System with Detections

For further analysis of UCMR 1 results for DCPA, see USEPA (2008).

Summary Analysis of Combined Large and Small System UCMR 1 Data
While the UCMR 1 data indicate that the DCPA degradates were the most commonly
reported analytes in the monitoring survey (detected at an MRL of 1 µg/L in 776 samples from
177 of the 3,876 PWSs sampled), very few systems exceeded the health level of concern. PWSs
with detections were found in 24 States and 1 Territory. The UCMR 1 data indicate that
approximately 0.05 percent (or 2) of the 3,876 PWSs sampled had a detection of the DCPA
degradates at levels greater than 35 µg/L, affecting approximately 0.33 percent of the population
served (or 739,000 people from 225 million). Approximately 0.03 percent (or 1) of the 3,876
PWSs sampled have a detection of the DCPA degradates at levels greater than 70 µg/L, affecting
less than 0.01 percent of the population served (or 500 people from 225 million). The average
DCPA degradate concentration among detections was 3.04 µg/L and the median concentration
was 2.00 µg/L.
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Pesticides in Ground Water Database (PGWDB)
The Pesticides in Ground Water Database (PGWDB) is a compilation of data from
ground water studies conducted by federal, State, and local governments, the pesticide industry,
and other institutions between 1971 and 1991 (USEPA, 1992). Most of the data are from
drinking water wells. Since PGWDB data come from multiple sources, they should be
interpreted with caution. Results might be biased high, because areas with suspected
contamination are likely to have been sampled more frequently than pristine areas. For more
information on PGWDB and the National Pesticide Survey (below), see Chapter 2.
According to the data compiled in the PGWDB, DCPA acid metabolites were detected in
59 of 118 wells (50.0 percent). Detections were found in all three states where the metabolites
were investigated. Concentrations ranged from 0.223 to 0.308 µg/L in California, from 0.21 to
1.07 µg/L in Massachusetts, and from 1.0 to 431 µg/L in Oregon. The parent compound DCPA
was detected in 5 of 2,033 wells sampled (0.25 percent). The parent compound was found in 3
out of 11 States where it was investigated. Concentrations ranged from 0.70 to 300 µg/L in
California, and from 0.010 to 0.030 µg/L in Iowa; one Georgia well had a concentration of 99.0
µg/L. The HRL of 70 µg/L was exceeded in one State by degradates (Oregon) and in two States
by the parent compound (California and Georgia) (USEPA, 1992).
In addition, the State of Washington sampled 81 wells for “DCPA and/or acid
metabolites.” Seven (8.64 percent) of the wells had detections. Concentrations ranged from 0.2
to 1.08 µg/L (USEPA, 1992).
National Pesticide Survey (NPS)
EPA collected samples from approximately 1,300 CWS wells and rural drinking water
wells between 1988 and 1990 for the NPS. The survey was designed to provide a statistically
reliable estimate of pesticide occurrence in the nation’s drinking water wells. For details about
NPS, see Chapter 2.
Of 126 pesticides and pesticide degradates monitored in the NPS, DCPA acid metabolites
were the most commonly detected analyte. The survey projected that approximately 6.4 percent
of CWSs and 2.5 percent of rural domestic wells nationwide were contaminated with DCPA acid
metabolites at the level of the study’s minimum reporting limit (0.10 µg/L) (USEPA, 1990b,
1990c). A correlation was found between the rate of DCPA application by urban applicators and
on golf courses and detections of DCPA acid metabolites (USEPA, 1991a).
With a minimum reporting limit of 0.060 µg/L, the parent compound was not detected in
the survey (USEPA, 1990d).

4.4 Technology Assessment
4.4.1

Analytical Methods

EPA evaluated the availability of analytical methods for all unregulated contaminants
considered for UCMR 1 (64 FR 50556). Sources for these methods include publications by EPA
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and by voluntary consensus standard organizations such as the American Society for Testing and
Materials (ASTM), the Association of Analytical Communities (AOAC), and the American
Public Health Association (APHA).
Mono- and di-acid DCPA degradates are UCMR 1 List 1 contaminants which can be
detected in drinking water by EPA Methods 515.1, 515.2, 515.3, and 515.4. The first two
methods were approved for the monitoring of mono- and di-acid DCPA degradates in 1999 (64
FR 50556). The latter two were approved in a subsequent action (66 FR 2273). Methods 515.1,
515.2, and 515.4 do not distinguish between the two degradates, and give the total degradate
concentration. Method 515.3 gives the total concentration of DCPA plus the two degradates.
No EPA-approved method is currently available that distinguishes the mono-acid degradate from
the di-acid degradate. The four EPA methods are generally similar, and involve hydrolyzation,
extraction, derivatization, and cleanup steps before detection by gas chromatography with
electron capture detection (GC/ECD). A full description of EPA Method 515.1 can be found in
EPA’s Method for the Determination of Organic Compounds in Water (USEPA, 1991b).
Method 515.2 can be found in EPA’s Methods for the Determination of Organic Compounds in
Drinking Water, Supplement 3 (USEPA, 1995a), and EPA Method 515.3 can be found in EPA’s
Methods for the Determination of Organic and Inorganic Compounds in Drinking Water,
Volume 1 (USEPA, 2000a). EPA Method 515.4 is available on EPA’s Web site at:
http://www.epa.gov/safewater/methods/met515_4.pdf (USEPA, 2000b). Additional methods
approved for mono- and di-acid DCPA degradates include the ASTM Method D5317-93
(ASTM, 1996; 1998) and AOAC International 992.32 (AOAC, 1998).
The method detection limit (MDL) and the average recovery for each analytical method
that can be used for the analysis of DCPA degradates in water are included in the method
descriptions below. 1
EPA Method 515.1
In EPA Method 515.1 (Revision 4.0), “Determination of Chlorinated Acids in Water by
Gas Chromatography with an Electron Capture Detector,” a sample is adjusted to pH 12 with 6
N sodium hydroxide. The sample is then mixed for one hour to hydrolyze the derivatives. A
solvent wash removes foreign organic material as well as the DCPA parent compound. Next, the
sample is acidified, and the chlorinated acids are extracted with ethyl ether by shaking in a
separatory funnel. Conversion of the extracted acids to methyl esters is achieved by utilizing
diazomethane as the derivatizing agent. Extra derivatizing reagent is expelled, and the esters are
separated and identified by GC/ECD (USEPA, 1991b).
1

The Method Detection Limit (MDL) is a statistical estimate of the minimum concentration of a substance that can
be measured and reported with 99 percent confidence that the analyte concentration is greater than zero, i.e., greater
than the background signal. The calculation of the MDL is based upon the precision of a series of replicate
measurements of the analyte at low concentrations. The MDL incorporates estimates of the accuracy of the
determination. The MDL is not a concentration that can typically be measured by the method on a routine basis.
Detection limits may vary between analysts and laboratories under various laboratory conditions.
The average recovery is the fraction or percent concentration of a target analyte determined relative to the true or
expected concentration from a sample containing a known amount of the target analyte. (This can result in apparent
recovery values greater than 100 percent.)
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The MDL for total mono- and di-acid DCPA degradates is 0.067 µg/L and the average
recovery ranges from 74 to 81 percent depending on the method option used (USEPA, 1991b).
EPA Method 515.2
In EPA Method 515.2 (Revision 1.1), “Determination of Chlorinated Acids in Water
Using Liquid-Solid Extraction and Gas Chromatography with an Electron Capture Detector,” a
sample is adjusted to pH 12 with 6 N sodium hydroxide. The sample is then mixed for one hour
to hydrolyze the derivatives. A solvent wash removes foreign organic material as well as the
DCPA parent compound. Next, the sample is acidified and the chlorinated acids are extracted
with a 47 mm resin based extraction disk. The acids are eluted from the disk with 10 percent
methanol in methyl tertiary butyl ether (MTBE). Conversion of the extracted acids to methyl
esters is accomplished by utilizing diazomethane as the derivatizing agent. Extra derivatizing
reagent is expelled, and the esters are separated and detected by GC/ECD (USEPA, 1995b).
The MDL demonstrated for the total mono- and di-acid degradates in Method 515.2 is
0.13 µg/L. The percent recovery ranges from 60 to 118 percent depending on the method option
used (USEPA, 1995b).
EPA Method 515.3
In EPA Method 515.3 (Revision 1.0), “Determination of Chlorinated Acids in Drinking
Water By Liquid-Liquid Extraction, Derivatization and Gas Chromatography with Electron
Capture Detection,” a sample is adjusted to pH 12 with 4 N sodium hydroxide to hydrolyze the
derivatives. Next, the aqueous sample is acidified and extracted with MTBE. The chlorinated
acids, which have been separated into the organic phase, are then transformed to their methyl
esters by one of two derivatization techniques. The first technique uses diazomethane as the
methylating agent; the latter is a base-promoted esterification procedure and entails the addition
of tetramethylammonium hydroxide and subsequent addition of methyl iodide. The target esters
are then separated and identified by capillary column GC/ECD. Analytes are quantitated using
procedural standard calibration (USEPA, 1996). Because there is no solvent wash step after the
hydrolysis in this method, the parent compound DCPA will also be present in the sample extract,
if it was present in the sample. Thus, this method does not distinguish between the mono- acid
degradate, di-acid degradate, and parent compound, and the quantitative result from Method
515.3 represents the total of all of these forms. Data on the acid degradates collected for the
UCMR 1 with Method 515.3 were required to be reanalyzed by Method 515.1, 515.2, or 515.4 if
the initial result was greater than the MRL since Method 515.3 measures the total concentration
of the parent and the two degradation products instead of only the degradation products.
The MDL for total DCPA and degradates using Method 515.3 is reported to range from
0.38 to 0.63 µg/L depending on the derivatization method used (USEPA, 1996). The recovery is
reported to range from 88 to 123 percent depending on the derivatization method and the type of
water used (USEPA, 1996).
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EPA Method 515.4
In EPA Method 515.4, “Determination of Chlorinated Acids in Drinking Water by
Liquid-Liquid Microextraction, Derivatization, and Fast Gas Chromatography with Electron
Capture Detection,” a sample is adjusted to pH ≥12 with 4 N sodium hydroxide to hydrolyze the
derivatives. Next, the sample is washed using a hexane and MTBE mixture for sample cleanup
and to remove DCPA. Then the aqueous sample is acidified with sulfuric acid to a pH of less
than 1 and extracted with MTBE. The chlorinated acids are then transformed to their methyl
esters by derivatization with diazomethane. The target esters are then separated and identified
by GC/ECD. Analytes are quantitated using the procedural standard calibration technique with
an internal standard (USEPA, 2000b).
The primary column detection limit is 0.113 µg/L and the secondary column detection
limit is 0.105 µg/L in reagent water (USEPA, 2000b). The average recovery ranges from 92 to
100 percent depending on the method option used (USEPA, 2000b).
4.4.2

Treatment Technologies

Treatment technology status does not influence the determination of whether or not a
contaminant should be regulated. However, treatment technologies must be readily available
before a contaminant can be regulated with a national primary drinking water regulation
(NPDWR). There is no evidence that DCPA and its mono- and di-acid degradates are
substantially removed by conventional treatments, such as coagulation/flocculation,
sedimentation, and inert media filtration. Potential treatment technologies include membrane
processes, activated carbon, and advanced oxidation.
Membranes are used in both low-pressure and high-pressure treatment processes. Lowpressure systems, which include microfiltration (MF) and ultrafiltration (UF), are most effective
in removing particles and large molecules. High-pressure technologies, including nanofiltration
(NF) and reverse osmosis (RO), are capable of removing dissolved organic contaminants. Both
NF and RO are expected to be effective in removing DCPA and its degradates.
Granular activated carbon (GAC) treatment removes contaminants via the physical and
chemical process of sorption: the contaminants attach to the carbon surface as water passes
through the carbon bed. Activated carbon has a large sorption capacity for many water
impurities, including synthetic organic chemicals, taste- and odor-causing compounds, and some
species of mercury.
Adsorption capacity is typically represented by the Freundlich isotherm constant, with
higher Freundlich (K) values indicating greater sorption potential. However, the Freundlich (K)
values for DCPA and its mono- and di-acid degradates are not available. In general,
contaminants containing halogen groups and contaminants with double bonds, as DCPA does,
have a high affinity for carbon. In addition, compounds exhibiting low water solubility are
expected to have high binding affinity for activated carbon. DCPA’s degradates tend to be more
soluble than the parent compound and therefore are expected to be less amenable to activated
carbon treatment.
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Advanced oxidation processes (AOPs) produce free hydroxyl radicals that have a high
potential for oxidizing organic or inorganic contaminants in water. AOPs often employ
combinations of oxidants, such as ultraviolet (UV) light, hydrogen peroxide, and ozone, for
treatment that is more effective than one oxidant alone. AOPs are capable of treating many
contaminants, including synthetic organic chemicals, taste- and odor-causing compounds, and
inorganic contaminants such as sulfide, iron, and manganese (Najm and Trussell, 1999).
The susceptibility of a pesticide to oxidation may be inferred from aerobic soil
metabolism data. Compounds with short aerobic metabolism half-lives are expected to be more
amenable to treatment using AOPs. USEPA (1998) reports that the half-life of DCPA is
between 18 to 37 days, while the half-life of the mono-acid degradate is shorter (2.8 days) and
that of the di-acid degradate is longer (virtually no degradation in 300 days). These findings
suggest that AOPs may be effective for the mono-acid degradate, less effective for the parent
compound, and not effective for the di-acid degradate.

4.5 Regulatory Determination
The Agency has made a determination not to regulate the DCPA mono-acid degradate
and/or the DCPA di-acid degradate with a national primary drinking water regulation (NPDWR).
Because these degradates appear to occur infrequently at health levels of concern in PWSs, the
Agency believes that an NPDWR does not present a meaningful opportunity for health risk
reduction. While the Agency recognizes that these degradates have been detected in the PWSs
monitored under the UCMR 1, only 1 PWS detected the degradates at a concentration above the
HRL.
The Agency plans to update the Health Advisory for the DCPA parent to include the
mono- and di- acid degradates, as well as any recent health information related to these
compounds. The updated Health Advisory will provide information to any States with public
water systems that may have DCPA degradates at levels above the HRL. If a State finds highly
localized occurrence of DCPA degradates at concentrations above the HRL, it should consider
whether State-level guidance (or some other type of action) may be appropriate.
The Agency’s regulatory determination for these contaminants is presented formally in
the Federal Register.
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Executive Summary
1,1-Dichloro-2,2-bis(p-chlorophenyl)ethylene (DDE) is a primary metabolite of 1,1,1trichloro-2,2-bis(p-chlorophenyl)ethane (DDT), a pesticide once used to protect crops and
eliminate disease-carrying insects in the U.S., until it was banned in 1973. DDE itself has no
commercial uses and is only found in the environment as a result of contamination and/or
breakdown of DDT. DDT production in the United States declined from 82 million kg in 1962
to 2 million kg in 1971. In smaller quantities, DDT production for export continued as late as
the 1980s.
While DDE tends to adsorb strongly to surface soil and is fairly insoluble in water, it may
enter surface waters from runoff that contains soil particles contaminated with DDE. In both soil
and water, DDE is subject to photodegradation, biodegradation, and volatilization.
Limited data on DDE, mostly from a National Cancer Institute (NCI) bioassay, suggest
that the liver is the primary target organ in mammalian species. However, the NCI study did not
evaluate a full array of noncancer endpoints. There is an RfD of 0.0005 mg/kg/day for the parent
pesticide DDT based on a No-Observed-Adverse-Effect Level (NOAEL) of 0.05 mg/kg/day
from a dietary subchronic study. In this study, liver lesions were identified at a LowestObserved-Adverse-Effects Level (LOAEL) of 0.25 mg/kg/day. Data on DDT identify effects on
the nervous and hormonal systems as adverse effects that might also be seen with DDE because
it is one of DDT’s primary metabolites. The limited data for DDE suggest that any effects on the
nervous system are less severe than those seen with DDT.
Based on animal studies, DDE is classified as “likely to be carcinogenic to humans.”
This classification is based on increases in the incidence of liver tumors, including carcinomas,
in two strains of mice and in hamsters after dietary exposure to DDE. For this regulatory
determination, EPA calculated an oral slope factor of 1.67 x 10 -1 (mg/kg/day)-1, resulting in a
one-in-a-million cancer-risk health reference level (HRL) of 0.2 µg/L.
There are some indications that DDE has an adverse impact on the immune system.
Considerable evidence exists that DDE can act as an endocrine disruptor. Children and
adolescents may be sensitive populations for exposure to DDE due to its endocrine disruption
properties.
Data on the ambient occurrence of DDE are available from the first monitoring cycle
(1992-2001) of the United States Geological Survey’s (USGS’s) National Ambient Water
Quality Association (NAWQA) program. While the USGS detected DDE in both surface and
ground waters, 95 percent of the samples from the various land use settings were less than 0.006
µg/L (the USGS reporting limit). The maximum surface water concentration, 0.062 µg/L
(agricultural setting), and the maximum ground water concentration, 0.008 µg/L (agricultural
setting), are both less than the HRL.
To evaluate the occurrence of DDE in the nation’s drinking water, EPA included it as an
analyte in the First Unregulated Contaminant Monitoring Regulation (UCMR 1). Because the
HRL for DDE (0.2 µg/L) is lower than the minimum reporting level (MRL) used for monitoring
(0.8 µg/L), EPA used the MRL value to evaluate occurrence and exposure. The MRL is within
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the 10-4 to the 10-6 cancer risk range for DDE. In evaluating the UCMR 1 data, EPA found that
only 1 of the 3,874 public water systems (PWSs) sampled (approximately 0.03 percent) had a
detection of DDE, affecting approximately 0.01 percent of the population served.
EPA also consulted data on DDE monitoring in ambient and drinking water from other
sources, including National Urban Runoff Program, the Pesticides in Ground Water Database,
and the National Pesticide Survey.
The Agency has made a determination not to regulate DDE with a national primary
drinking water regulation (NPDWR). Because DDE appears to occur infrequently at levels of
concern in PWSs, the Agency believes that an NPDWR does not present a meaningful
opportunity for health risk reduction.
If a State finds highly localized occurrence of DDE at concentrations above the HRL, it
should consider whether State-level guidance (or some other type of action) may be appropriate.
The Agency’s regulatory determination for this contaminant is presented formally in the
Federal Register.
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DDE

5.1 Definition
DDE (1,1-dichloro-2,2-bis(p-chlorophenyl)ethylene), an organochlorine, is a primary
metabolite of DDT (1,1,1-trichloro-2,2-bis(p-chlorophenyl)ethane) along with DDD
(1,1-dichloro-2,2-bis(p-chlorophenyl)ethane). DDE, like DDT and related compounds, can exist
in three isomeric forms based on the relative position of the chlorine substitution on the two
chlorophenyl rings. The most prevalent isomer, 1,1-dichloro-2,2-bis(p-chlorophenyl)ethylene, is
commonly known as p,p'-DDE. The name “DDE” usually refers to p,p'-DDE. p,p'-DDE is also
given the following names: 4,4'-DDE; dichlorodiphenyl-dichloroethane, 1,1-dichloro-2,2-bis(pchlorophenyl) ethylene, and 1,1'-(2,2-dichloroethylidene)bis(4-chlorobenzene) (ATSDR, 2002).
A less common isomer, 1,1-dichloro-2-(o-chlorophenyl)-2-(p-chlorophenyl)ethylene, is known
as o,p'-DDE or 2,4'-DDE.
The notation in this document follows the usage in each source: for instance, the National
Water Quality Assessment (NAWQA) program uses “p,p'-DDE” where the First Unregulated
Contaminant Monitoring Regulation (UCMR 1) uses “4,4'-DDE.” The Chemical Abstracts
Service (CAS) registry number for DDE is 72-55-9.
5.1.1

Properties and Sources

DDT is a pesticide that was once widely used to control insects on agricultural crops and
insects that carried diseases such as malaria and typhus. All uses of DDT in the United States
were banned on January 1, 1973 except for case-by-case emergency measures (Meister and Sine,
1999 as cited in ATSDR, 2002). However, DDT is still produced and used in other countries as
an anti-malarial measure. In Mexico, production ended in 1997 and use was phased-out by 2000
under the North American Agreement on Environmental Cooperation (CEC, 2003). Unlike
DDT, DDE has no commercial use and is only found in the environment as a result of
contamination or breakdown of DDT. DDT that has entered the atmosphere via spraying or
volatilization can travel long distances and contaminate soils and surface waters by both wet and
dry deposition. In the soil, DDT biodegrades to DDE under unflooded (generally aerobic)
conditions and to DDD under flooded (generally anaerobic) conditions (ATSDR, 2002). DDT is
highly persistent in the environment with reported half-lives between 2 and 15 years (Extoxnet,
1994). Vapor-phase degradation of DDT as a result of reactions with hydroxyl radicals in the
atmosphere can act much faster, with an estimated half life of 37 hours (ATSDR, 2002).
Analytical studies suggest that degradation of the insecticide dicofol, and of impurities in
dicofol, could be additional sources of DDE (Risebrough et al., 1986 as cited in ATSDR, 2002).
Physical and chemical properties of DDE are summarized in Exhibit 5-1.
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Exhibit 5-1: Physical and Chemical Properties of DDE
Identification
CAS number

72-55-9

Molecular Formula

C14H8Cl4
Physical and Chemical Properties

Boiling Point

336 °C 1

Melting Point

89 °C 1

Molecular Weight

318.03 g/mol 1

Log Koc

4.70 2

Log Kow

6.51 1

Water Solubility

0.12 mg/L at 25 °C 1

Vapor Pressure

6.0 x 10-6 mm Hg at 25 °C 1

Henry’s Law Constant

2.1 x 10-5 atm-m3/mol 1
2.8 x 10-3 (dimensionless), predicted 3
4.1 x 10-4 (dimensionless), from literature 3

Freundlich Isotherm
Constant (K)

18,000 (µg/g)(L/µg)1/n 4

1

Howard and Meylan, 1997 (as cited in ATSDR, 2002)

2

Sabljic, 1984 (as cited in ATSDR, 2002)

3

Speth et al., 2001

4

Dobbs and Cohen, 1980 (as cited in Speth et al., 2001)

5.1.2

Environmental Fate and Behavior

DDE strongly adsorbs to soil particles, especially in moist soils. As a result of strong
binding to soil, DDE tends to remain on the surface layer of soil with little leaching into the
lower soil layers and ground water (ATSDR, 2002). DDE is known to photodegrade and
biodegrade on soil surfaces or when adsorbed to sediment (Baker and Applegate, 1970;
Lichtenstein and Schultz, 1959; Miller and Zepp, 1979, all as cited in ATSDR, 2002). However,
only limited data are available on degradation rates. One study found that the soil half-life of
DDE ranged from 151 to 271 days in thirteen countries, while in a fourteenth country, where the
soil was extremely acidic, the half-life was greater than 672 days (ATSDR, 2002).
Because DDE is fairly insoluble in water (see Exhibit 5-1), it is transported in runoff
water principally by adsorption to particulate matter (ATSDR, 2002). In water, DDE may
photodegrade or biodegrade. When exposed to sunlight, DDE undergoes photoisomerization.
Direct photolysis of DDE results in a water half-life of about 1 day in the summer and 6 days in
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the winter (ATSDR, 2002). However, as a hydrophobic organochlorine, DDE can persist for
long periods of time in aquatic sediments and in the tissue of aquatic biota (USGS, 2000).
Volatilization accounts for considerable loss of this compound from soil surfaces and
water. In the atmosphere, DDE can exist in vapor phase and particulate phase. In the vapor
phase, DDE reacts with photochemically-produced hydroxyl radicals, with an estimated half-life
of 17 hours to 2 days (ATSDR, 2002; HSDB, 2003). Attached to particles, DDE can last much
longer, and can be transported long distances and deposited by wet or dry deposition. Because
of long-range global transport of DDT, DDE, and related compounds, primarily from warmer
regions to colder regions (ATSDR, 2002; CEC, 2003), DDE contamination could still be of
concern even in countries like the U.S. where DDT has not been used in decades.

5.2 Health Effects
DDE is not produced as a commercial product. This has limited the numbers of
conventional studies that have been performed to assess toxicological properties. Limited data
on DDE, mostly from a National Cancer Institute (NCI) bioassay, suggest that the liver is the
primary target organ in mammalian species. However, the NCI study did not evaluate a full
array of noncancer endpoints. There is a reference dose (RfD) of 0.0005 mg/kg/day for the
parent pesticide DDT based on a “No-Observed-Adverse-Effect Level” (NOAEL) of 0.05
mg/kg/day from a dietary subchronic study (USEPA, 1996). In this study, liver lesions were
identified at a “Lowest-Observed-Adverse-Effect level” (LOAEL) of 0.25 mg/kg/day. Data on
DDT identify effects on the nervous and hormonal systems as adverse effects that might also be
seen with DDE because it is one of DDT’s primary metabolites. The limited data for DDE
suggest that any effects on the nervous system are less severe than those seen with DDT.
Endocrine effects from DDE are discussed below.
Based on animal studies DDE is likely to be carcinogenic to humans. This classification
is based on increases in the incidence of liver tumors, including carcinomas, in two strains of
mice and in hamsters after dietary exposure to DDE. Some epidemiological studies suggest a
possible association of the levels of DDE in serum with breast cancer. However, other studies
with similar methodologies do not show any association. DDE was mutagenic in mouse
lymphoma L5178Y and Chinese hamster V79 cells but negative in the Ames assay. In the 1988
IRIS, EPA calculated an oral slope factor of 0.34 (mg/kg/day)-1 for DDE (USEPA, 1988). For
this regulatory determination, EPA calculated an oral slope factor from the same data set (from
the 1988 IRIS) using the EPA 1999 Cancer Guidelines (USEPA, 1999). The revised slope factor
is 1.67 x 10 -1 (mg/kg/day)-1 resulting in a one-in-a-million cancer-risk health reference level
(HRL) of 0.2 µg/L.
There are some indications that DDE has an adverse impact on the immune system
(Banerjee et al., 1996 as cited in ATSDR, 2002). Oral exposures to 22 mg/kg/day for six weeks
suppressed serum immunoglobin levels and antibody titers. Inhibition of leucocytes and
macrophage migration were observed at the cellular level. Considerable evidence exists that
DDE can act as an endocrine disruptor since it binds to the estrogen and androgen receptors.
DDE has a stronger affinity for the androgen receptor than for the estrogen receptor. It competes
with testicular hormones for the androgen receptor leading to receptor-related changes in gene
expression (Kelce et al., 1995 as cited in ATSDR, 2002).
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EPA evaluated whether health information is available regarding the potential effects on
children and other sensitive populations. Children and adolescents may be sensitive populations
for exposure to DDE due to its endocrine disruption properties. Some data suggest that DDE can
delay puberty in males (ATSDR, 2002).

5.3 Occurrence and Exposure
5.3.1

Use and Environmental Release

DDT is a pesticide that was once widely used to control insects on agricultural crops, and
insects that carried diseases such as malaria and typhus. All uses of DDT in the United States
were banned on January 1, 1973 except for case-by-case emergency measures (USEPA, 1972).
DDT production in the United States declined from 82 million kg in 1962 to 2 million kg in
1971. In smaller quantities, DDT production for export continued as late as the 1980s (ATSDR,
2002; HSDB, 2003).
Unlike DDT, DDE has no commercial use. It is only found in the environment as a result
of contamination or breakdown of DDT. DDT that has entered the atmosphere via spraying or
volatilization can contaminate soils and surface waters by both wet and dry deposition. In soil,
DDT biodegrades to DDE under unflooded (generally aerobic) conditions and to DDD under
flooded (generally anaerobic) conditions (ATSDR, 2002).
Among the 1,613 hazardous waste sites in the United States and its territories that have
been considered as candidates for inclusion in EPA’s National Priorities List (NPL), at least 441
are known to be contaminated with DDT, DDE, and/or DDD. p,p'-DDE was found at 219 of
these sites. While not specifically targeted, o,p'-DDE was also present in at least four sites. Of
the 441 hazardous waste sites in which DDT, DDE, or DDD was detected, the contaminants
were identified in air samples at 32 sites, in surface water samples at 101 sites, in ground water
samples at 247 sites, and in sediment samples at 305 sites (HazDat, 2002 as cited in ATSDR,
2002).
5.3.2

Ambient Water Occurrence

Ambient lakes, rivers, and aquifers are the source of most drinking water. Data on the
occurrence of DDE in ambient surface and ground water, as well as in bed sediment and biotic
tissue, are available from the NAWQA program of the United States Geological Survey (USGS).
For details on this program, see the discussion of NAWQA in Chapter 2. NAWQA data have
been analyzed independently by USGS and EPA. Supplementary data are available from EPA’s
Nationwide Urban Runoff Program.
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NAWQA National Pesticide Synthesis
Surface Water and Ground Water
Under the NAWQA program, USGS monitored p,p'-DDE between 1992 and 2001 in
representative watersheds and aquifers across the country. Reporting limits in surface water and
ground water varied but did not exceed 0.006 µg/L.
In surface water (Exhibit 5-2), p,p'-DDE was detected at frequencies ranging from 1.68%
of samples in urban settings to 3.66% in undeveloped settings, 4.84% in agricultural settings, and
6.14% in mixed land use settings. The 95th percentile concentrations were below the reporting
limit in all land use settings. The highest detected concentration, 0.062 µg/L, occurred in an
agricultural setting (Martin et al., 2003).

Exhibit 5-2: USGS National Synthesis Summary of NAWQA Monitoring of p,p'DDE in Ambient Surface Water, 1992-2001
Land Use
Type
Agricultural
Mixed
Undeveloped
Urban

No. of
Samples
(and No. of
Sites)
1,885 (78)
1,021 (47)
60 (4)
900 (33)

Detection
Frequency

50th Percentile
(Median)
Concentration

95th Percentile
Concentration

Maximum
Concentration

4.84%
6.14%
3.66%
1.68%

<RL
<RL
<RL
<RL

<RL
<RL
<RL
<RL

0.062 µg/L
0.009 µg/L
0.002 µg/L
0.007 µg/L

Abbreviations:
RL = Reporting limit. Reporting limits for p,p'-DDE varied, but did not exceed 0.006 µg/L.
The USGS Pesticide National Synthesis used one year of data, generally the year with the most sampling results, to represent each
site in this analysis. The sampling results were time-weighted, to eliminate bias from more frequent sampling at certain times of
year. Detection Frequencies and Percentile Concentrations can be interpreted as representing annual occurrence. For instance,
the detection frequency can be thought of as the percent of the year in which detections are found at a typical site in this land use
th
category, and the 95 percentile concentration can be though of as a concentration that is not exceeded for 95% of the year at a
typical site in this land use category.
Source: Martin et al., 2003

In ground water (Exhibit 5-3), p,p'-DDE detection frequencies ranged from 2.65% of
samples in mixed land use settings (major aquifers) to 3.26% in agricultural settings, 3.96% in
urban settings, and 7.46% in undeveloped settings. The 95th percentile concentrations were
below the reporting limit in all land use settings. The highest detected concentration, 0.008
µg/L, was found in an agricultural setting (Kolpin and Martin, 2003).
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Exhibit 5-3: USGS National Synthesis Summary of NAWQA Monitoring of p,p'DDE in Ambient Ground Water, 1992-2001
Land Use
Type

No. of
Wells

Detection
Frequency

Agricultural
Mixed (Major
Aquifer)
Undeveloped
Urban

1,443

3.26%

50th Percentile
(Median)
Concentration
<RL

2,716

2.65%

67
834

7.46%
3.96%

95th Percentile
Concentration

Maximum
Concentration

<RL

0.008 µg/L

<RL

<RL

0.006 µg/L

<RL
<RL

<RL
<RL

0.002 µg/L
0.005 µg/L

Abbreviations:
RL = Reporting limit. Reporting limits for p,p'-DDE varied, but did not exceed 0.006 µg/L.
The USGS Pesticide National Synthesis considered each well a distinct site in this analysis. Each well was represented by one
sample: normally the first one taken, but possibly a later sample if the first sample was not analyzed for the full range of analytes.
Percentile Concentrations were drawn from the range of detects and non-detects. The method for calculating Percentile
Concentrations varied depending on how much of the data was censored at particular levels by the laboratory.
Source: Kolpin and Martin, 2003

Bed Sediments and Biotic Tissue
The NAWQA program also investigated the occurrence of select organochlorine
compounds, including both p,p'-DDE and o,p'-DDE, in bed sediments and biotic tissue.
Sampling was conducted at 1,310 sites from 1992 to 2001. Method detection limits for both
isomers were 1 µg/kg dry weight in sediment, and 5 µg/kg wet weight in tissue. Details
regarding sampling techniques and analytical methods are described by Nowell (2003).
Organochlorines can be present in biotic tissues and in bed sediments of aquatic systems even
when they are undetectable in the water column using conventional methods. The occurrence of
a toxic compound in stream sediments is pertinent to drinking water concerns because some
desorption of the compound from sediments into water, albeit at low rates, may be expected to
occur through equilibrium reactions.
In bed sediment (Exhibit 5-4), p,p'-DDE detection frequencies range from 22% of
samples in undeveloped settings to 46% in mixed land use settings, 48% in agricultural settings,
and 70% in urban settings. The 95th percentile concentrations in bed sediment were found to
range from 3.5 µg/kg dry weight (undeveloped settings) to 28.9 µg/kg dry weight (agricultural
settings). The highest concentration, 440 µg/kg dry weight, was found in a mixed land use
setting (Nowell, 2003).
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Exhibit 5-4: USGS National Synthesis Summary of NAWQA Monitoring of p,p'DDE in Bed Sediment, 1992-2001
Land Use
Type
Agricultural
Mixed
Undeveloped
Urban

No. of
Sites
282
338
224
166

Detection
Frequency
in samples
48%
46%
22%
70%

50th Percentile
(Median)
Concentration
0.98 µg/kg
0.81 µg/kg
<RL
2.15 µg/kg

95th Percentile
Concentration

Maximum
Concentration

28.9 µg/kg
11.6 µg/kg
3.5 µg/kg
23.9 µg/kg

190 µg/kg
440 µg/kg
31 µg/kg
111 µg/kg

Abbreviations:
RL = Reporting limit. Reporting limits for p,p'-DDE varied, but did not exceed 1 µg/kg.
For sediment, all weights are dry weights.
Most sites were sampled only once. In the case of sites sampled multiple times, USGS used a single sample (the earliest sample
with complete data for key analytes) to represent each site in this analysis.
Percentile Concentrations were drawn from the range of detects and non-detects. The method for calculating Percentile
Concentrations varied depending on how much of the data was censored at particular levels by the laboratory.
Source: Nowell, 2003

NAWQA data indicate that the more common isomer, p,p'-DDE, occurs in fish tissue at
detection frequencies ranging from 44% of samples in undeveloped settings to 89% in
agricultural settings, 89% in urban settings, and 93% in mixed land use settings (Exhibit 5-5).
The 95th percentile concentrations in fish tissue were found to range from 128 µg/kg wet weight
(undeveloped settings) to 2,180 µg/kg wet weight (agricultural settings). The highest
concentration, 7,300 µg/kg wet weight, was found in an agricultural setting (Nowell, 2003).

Exhibit 5-5: USGS National Synthesis Summary of NAWQA Monitoring of p,p'DDE in Whole Fish, 1992-2001
Land Use
Type

No. of
Sites

Detection
Frequency

Agricultural
Mixed
Undeveloped
Urban

205
206
162
100

89%
93%
44%
89%

50th Percentile
(Median)
Concentration
43.5 µg/kg
42 µg/kg
3.50 µg/kg
36 µg/kg

95th Percentile
Concentration

Maximum
Concentration

2,180 µg/kg
397 µg/kg
128 µg/kg
190 µg/kg

7,300 µg/kg
7,200 µg/kg
1,300 µg/kg
450 µg/kg

Abbreviations:
RL = Reporting limit. Reporting limits for p,p'-DDE varied, but did not exceed 5 µg/kg.
For whole fish, all weights are wet weights.
Most sites were sampled only once. In the case of sites sampled multiple times, USGS used a single sample (from the first year of
sampling, the earliest sample of the variety of fish most often sampled in that Study Unit) to represent each site in this analysis.
Percentile Concentrations were drawn from the range of detects and non-detects. The method for calculating Percentile
Concentrations varied depending on how much of the data was censored at particular levels by the laboratory.
Source: Nowell, 2003
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In bed sediment (Exhibit 5-6), o,p'-DDE detection frequencies range from 0% of samples
in undeveloped settings to 1.6% in mixed land use settings, 2.6% in agricultural settings, and
3.7% in urban settings. The 95th percentile concentrations in bed sediment were less than the
reporting limit in all land use settings. The highest concentration, 26.7 µg/kg dry weight, was
found in an urban setting (Nowell, 2003).

Exhibit 5-6: USGS National Synthesis Summary of NAWQA Monitoring of o,p'DDE in Bed Sediment, 1992-2001
Land Use
Type
Agricultural
Mixed
Undeveloped
Urban

No. of
Sites
278
327
221
164

Detection
Frequency
in samples
2.6%
1.6%
0.0%
3.7%

50th Percentile
(Median)
Concentration
<RL
<RL
<RL
<RL

95th Percentile
Concentration

Maximum
Concentration

<RL
<RL
<RL
<RL

4.4 µg/kg
22 µg/kg
<RL
26.7 µg/kg

Abbreviations:
RL = Reporting limit. Reporting limits for o,p'-DDE varied, but did not exceed 1 µg/kg.
For sediment, all weights are dry weights.
Most sites were sampled only once. In the case of sites sampled multiple times, USGS used a single sample (the earliest sample
with complete data for key analytes) to represent each site in this analysis.
Percentile Concentrations were drawn from the range of detects and non-detects. The method for calculating Percentile
Concentrations varied depending on how much of the data was censored at particular levels by the laboratory.
Source: Nowell, 2003

NAWQA data indicate that the less common isomer, o,p'-DDE, occurs in fish tissue at
detection frequencies ranging from 0.0% of samples in undeveloped settings to 3.2% in mixed
land use settings, 6.4% in urban settings, and 7.0% in agricultural settings (Exhibit 5-7). The
95th percentile concentrations in fish tissue were found to range from undetectable (undeveloped
and mixed land use settings) to 10 µg/kg wet weight (agricultural settings). The highest
concentration, 130 µg/kg wet weight, was found in a mixed land use setting (Nowell, 2003).
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Exhibit 5-7: USGS National Synthesis Summary of NAWQA Monitoring of o,p'DDE in Whole Fish, 1992-2001
Land Use
Type
Agricultural
Mixed
Undeveloped
Urban

No. of
Sites

Detection
Frequency

204
206
162
99

7.0%
3.2%
0.0%
6.4%

50th Percentile
(Median)
Concentration
<RL
<RL
<RL
<RL

95th Percentile
Concentration

Maximum
Concentration

10 µg/kg
<RL
<RL
6.9 µg/kg

85 µg/kg
130 µg/kg
<RL
22 µg/kg

Abbreviations:
RL = Reporting limit. Reporting limits for o,p'-DDE varied, but did not exceed 5 µg/kg.
For whole fish, all weights are wet weights.
Most sites were sampled only once. In the case of sites sampled multiple times, USGS used a single sample (from the first year of
sampling, the earliest sample of the variety of fish most often sampled in that Study Unit) to represent each site in this analysis.
Percentile Concentrations were drawn from the range of detects and non-detects. The method for calculating Percentile
Concentrations varied depending on how much of the data was censored at particular levels by the laboratory.
Source: Nowell, 2003

EPA Summary Analysis of NAWQA Data
Whereas the NAWQA program often uses the most representative data for a site to
calculate summary statistics, EPA, with the cooperation of USGS, has performed a summary
analysis of all Cycle 1 water monitoring data from all study units (1991-2001) for many of the
Second Contaminant Candidate List (CCL 2) contaminants being considered for regulatory
determination, including DDE. Detection frequencies were simply computed as the percentage
of samples and sites with detections (i.e., with at least one result equal to or greater than the
reporting limit). Note that reporting limits were not uniform. Sample detections can be biased
by frequent sampling in areas with high (or low) occurrence. Calculating the percentage of sites
with detections can reduce this bias. For more details on the data set and the EPA analysis, see
Chapter 2.
The results of the EPA analysis are presented in Exhibit 5-8. Overall, DDE was detected
in 5.0% of samples and at 6.4% of sites. DDE was detected more frequently and at higher
concentrations (maximum of 0.062 µg/L) in surface water.
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Exhibit 5-8: EPA Summary Analysis of DDE Data from NAWQA Study Units, 19922001
Detection Frequency
(detections are results ≥ RL1)
%
% Sites
Number
Samples Number
of
with
Minimum
of Sites
with
Samples
Detections
Detections
surface
water
ground
water
all
sites

Concentration Values
(of detections, in µg/L)
Median

95th
Percentile

99th
Percentile

Maximum

14,880

5.6%

1,907

13.8%

0.0001

0.0024

0.0168

0.026

0.062

6,079

3.3%

5,210

3.7%

0.0001

0.0014

0.0032

0.0056

0.0076

20,959

5.0%

7,117

6.4%

0.0001

0.00205

0.015

0.025

0.062

1

RLs (Reporting Limits) for DDE varied but did not exceed 0.006 µg/L. For more information, see Chapter 2. Note that because this
EPA analysis involves more data points than the USGS analyses presented above, a direct comparison is not possible.

Nationwide Urban Runoff Program
A total of 86 urban runoff samples from 15 U.S. cities, collected between 1979 and 1982
in connection with EPA’s National Urban Runoff Program, were analyzed by Cole et al. (1984).
Neither DDE nor DDD were detected in any sample. DDT was detected in 1 percent of
samples, at a concentration of 0.1 µg/L. Detection limits were not reported. For background to
the National Urban Runoff Program, see Chapter 2.
5.3.3

Drinking Water Occurrence

Nationally representative data on 4,4'-DDE occurrence in drinking water have been
collected by large and small public water systems in accordance with EPA’s First Unregulated
Contaminant Monitoring Regulation (UCMR 1). For further details on the UCMR 1, see
Chapter 2 and USEPA (2008).
UCMR 1
UCMR 1 monitoring was conducted primarily between 2001 and 2003, though some
results were not collected and reported until as late as 2006. As a List 1 contaminant, 4,4'-DDE
was scheduled to be monitored by all large community water systems (CWSs) and non-transient
non-community water systems (NTNCWSs) and a statistically representative sample of small
CWSs and NTNCWSs. The data presented in this report reflect UCMR 1 analytical samples
submitted and quality-checked under the regulation as of March 2006. 4,4'-DDE data were
collected and submitted by 797 (99.6 percent) of the 800 small systems selected for the small
system sample and 3,077 (99.3 percent) of the 3,100 large systems defined as eligible for the
UCMR 1 large system census. 4,4'-DDE data have been analyzed at the level of simple
detections (at or above the minimum reporting level, ≥ MRL, or ≥ 0.8 µg/L). Since the HRL of
0.2 µg/L is less than the MRL, the data are not analyzed at the level of the HRL or half the HRL.
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EPA set the MRL for UCMR 1 contaminants based on the capability of analytical
methods, not anticipated health levels. For many UCMR 1 contaminants, including DDE, the
MRL was determined by multiplying by 10 the least sensitive method’s minimum detection
limit, or, when available, multiplying by 5 the least sensitive method’s estimated detection limit
(USEPA, 2000). MRLs were set approximately an order of magnitude higher than detection
limits to ensure consistency, accuracy, and reproducibility of results. The MRL for DDE is
within the risk range of 10-6 to 10-4 used by EPA to evaluate carcinogens (see Section 2.1.1).
Results of the analysis are presented in Exhibits 5-9 and 5-10. No detections of 4,4'-DDE
were found in any samples from small systems. DDE was detected at a single large system; this
ground water system represented 0.03% of large public water systems (PWSs) and 0.01% of the
population served by them (approximately 18,000 people). The concentration of the single
detection was 3 µg/L.
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Exhibit 5-9: Summary UCMR 1 Occurrence Statistics for 4,4'-DDE in Small
Systems (Based on Statistically Representative National Sample of Small
Systems)
UCMR Data Small Systems

National System &
Population Numbers1

Total Number of Samples

3,251

--

Percent of Samples with Detections

0.00%

--

99 Percentile Concentration (all samples)

< MRL

--

Health Reference Level (HRL)

0.2 µg/L

--

Minimum Reporting Level (MRL)

0.8 µg/L

--

Maximum Concentration of Detections

< MRL

--

99 Percentile Concentration of Detections

< MRL

--

Median Concentration of Detections

< MRL

--

797
590
207

60,414
56,072
4,342

2,760,570
1,939,815
820,755
Number
Percentage

45,414,590
36,224,336
9,190,254

Frequency Factors

th

th

Total Number of PWSs
Number of GW PWSs
Number of SW PWSs
Total Population
Population of GW PWSs
Population of SW PWSs
Occurrence by System
PWSs (GW & SW) with Detections (> MRL)

0

0.00%

National Extrapolation2
0

0

0.00%

0

Occurrence by Population Served
Population Served by PWSs with Detections

th
1. Total PWS and population numbers are from EPA September 2004 Drinking Water Baseline Handbook, 4 edition.
2. National extrapolations are generated separately for each population-served size stratum and then added to yield the national estimate of GW
PWSs with detections (and population served) and SW PWSs with detections (and population served). For intermediate calculations at the level of
individual strata, see EPA’s UCMR 1 Occurrence Report, entitled “ The Analysis of Occurrence Data from the First Unregulated Contaminant Monitoring
Regulation (UCMR 1) in Support of Regulatory Determinations for the Second Drinking Water Contaminant Candidate List.”

Abbreviations:
PWS = Public Water Systems; GW = Ground Water; SW = Surface Water; N/A = Not Applicable; Total Number of Samples = the total number of
samples on record for the contaminant; 99th Percentile Concentration = the concentration in the 99th percentile sample (out of either all samples or just
samples with detections); Median Concentration of Detections = the concentration in the median sample (out of samples with detections); Total Number
of PWSs = the total number of PWSs for which sampling results are available; Total Population Served = the total population served by PWSs for which
sampling results are available; PWSs with detections, PWSs > 2 HRL, or PWSs > HRL = PWSs with at least one sampling result greater than or equal
to the MRL, exceeding the 2 HRL benchmark, or exceeding the HRL benchmark, respectively; Population Served by PWSs with detections, by PWSs
> 2 HRL, or by PWSs > HRL = population served by PWSs with at least one sampling result greater than or equal to the MRL, exceeding the 2 HRL
benchmark, or exceeding the HRL benchmark, respectively.
Notes:
-Small systems are those that serve 10,000 persons or fewer.
-Only results at or above the MRL were reported as detections. Concentrations below the MRL are considered non-detects.
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Exhibit 5-10: Summary UCMR 1 Occurrence Statistics for 4,4'-DDE in Large
Systems (Based on the Census of Large Systems)
UCMR Data Large Systems

Frequency Factors
Total Number of Samples

30,546

Percent of Samples with Detections

0.003%

99th Percentile Concentration (all samples)

< MRL

Health Reference Level (HRL)

0.2 µg/L

Minimum Reporting Level (MRL)

0.8 µg/L

Maximum Concentration of Detections

3 µg/L

99th Percentile Concentration of Detections

3 µg/L

Median Concentration of Detections

3 µg/L

Total Number of PWSs
Number of GW PWSs
Number of SW PWSs

3,077
1,381
1,696

Total Population
Population of GW PWSs
Population of SW PWSs
Occurrence by System

223,502,113
53,415,745
170,086,368

PWSs (GW & SW) with Detections (> MRL)
GW PWSs with Detections
SW PWSs with Detections

Number

Percentage

1
1
0

0.03%
0.07%
0.00%

17,670
17,670
0

0.01%
0.03%
0.00%

Occurrence by Population Served
Population Served by PWSs with Detections
Pop. Served by GW PWSs with Detections
Pop. Served by SW PWSs with Detections

Abbreviations:
PWS = Public Water Systems; GW = Ground Water; SW = Surface Water; N/A = Not Applicable; Total Number of Samples = the total number of
samples on record for the contaminant; 99th Percentile Concentration = the concentration in the 99th percentile sample (out of either all samples or just
samples with detections); Median Concentration of Detections = the concentration in the median sample (out of samples with detections); Total Number
of PWSs = the total number of PWSs for which sampling results are available; Total Population Served = the total population served by PWSs for which
sampling results are available; PWSs with detections, PWSs > 2 HRL, or PWSs > HRL = PWSs with at least one sampling result greater than or equal
to the MRL, exceeding the 2 HRL benchmark, or exceeding the HRL benchmark, respectively; Population Served by PWSs with detections, by PWSs
> 2 HRL, or by PWSs > HRL = population served by PWSs with at least one sampling result greater than or equal to the MRL, exceeding the 2 HRL
benchmark, or exceeding the HRL benchmark, respectively.
Notes:
-Large systems are those that serve more than 10,000 persons.
-Only results at or above the MRL were reported as detections. Concentrations below the MRL are considered non-detects.
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DDE was only detected in one sample in all of the UCMR 1 sampling. This single
detection was in a ground water sample taken in the State of Alabama (see Exhibit 5-11). Since
only one system detected the contaminant, no further spatial analysis of this contaminant is
presented.

Exhibit 5-11: Geographic Distribution of 4,4'-DDE in UCMR 1 Monitoring B States
With at Least One Detection At or Above the MRL (≥ 0.8 µg/L)

Summary Analysis of Combined Large and Small System UCMR 1 Data
The UCMR 1 data indicate that approximately 0.03 percent (or 1) of the 3,874 PWSs
sampled had a detection of DDE at the MRL of 0.8 µg/L, affecting approximately 0.01 percent
of the population served (or 18,000 people from 226 million).
Pesticides in Ground Water Database (PGWDB)
The Pesticides in Ground Water Database (PGWDB) is a compilation of data from
ground water studies conducted by federal, State, and local governments, the pesticide industry,
and other institutions between 1971 and 1991 (USEPA, 1992). Most of the data are from
drinking water wells. Since PGWDB data come from multiple sources, they should be
interpreted with caution. Results might be biased high, because areas with suspected
contamination are likely to have been sampled more frequently than pristine areas. For further
background on the PGWDB, see Chapter 2.
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According to the data compiled in the PGWDB, DDE was detected in 34 of 2,918 wells
(1.17 percent). The parent compound DDT was detected in 108 of 3,115 wells (3.47 percent),
and the related compound DDD was detected in 35 of 2,647 wells (1.32 percent). DDE was
found in 6 out of 17 States where monitoring was conducted. DDT was also found in 6 out of 17
States. DDD was found in 4 out of 17 States. DDE concentrations ranged from 0.010 to 0.090
µg/L in California, from 0.19 to 0.28 µg/L in Indiana, from 0.002 to 0.54 µg/L in Maine, and
from 0.01 to 0.3 µg/L in South Carolina; one Connecticut well and one New Jersey well each
had a concentration of 0.001 µg/L. The HRL of 0.2 µg/L was exceeded by DDE concentrations
in three States: Indiana (maximum concentration of 0.28 µg/L), Maine (maximum concentration
of 0.54 µg/L), and South Carolina (maximum concentration of 0.3 µg/L). The highest DDT and
DDD concentrations were 3.3 µg/L and 1.040 µg/L, respectively (USEPA, 1992).
National Pesticide Survey (NPS)
EPA collected samples from approximately 1,300 CWS wells and rural drinking water
wells between 1988 and 1990 for the National Pesticide Survey (NPS). The survey was
designed to provide a statistically reliable estimate of pesticide occurrence in the nation’s
drinking water wells. For details about the NPS, see Chapter 2.
With a minimum reporting limit of 0.060 µg/L, DDE was not detected in the survey.
DDT (with a reporting limit of 0.15 µg/L) and DDD (with a reporting limit of 0.13 µg/L) were
also not detected (USEPA, 1990).

5.4 Technology Assessment
5.4.1

Analytical Methods

EPA evaluated the availability of analytical methods for all of the unregulated
contaminants considered for UCMR 1, promulgated in 1999 (64 FR 50556). Sources for these
methods include publications by EPA and by voluntary consensus standard organizations such as
the American Society for Testing and Materials (ASTM), the Association of Analytical
Communities (AOAC), and the American Public Health Association (APHA).
DDE is a UCMR 1 List 1 contaminant that can be detected in drinking water by EPA
Methods 508, 508.1 and 525.2. These methods were approved for the monitoring of DDE in
1999 (64 FR 50556). EPA Method 508 relies on liquid-liquid extraction followed by gas
chromatography with electron capture detection (GC/ECD). EPA Method 508.1 relies on liquidsolid extraction (LSE) followed by GC/ECD. Like Method 508.1, Method 525.2 relies on LSE,
but for detection it uses capillary column gas chromatography with mass spectrometry (GC/MS).
Brief summaries of all three methods are provided below. Full descriptions can be found in
EPA’s Methods for the Determination of Organic Compounds in Drinking Water, Supplement 3
(USEPA, 1995a). Additional methods approved for DDE include ASTM Method D5812-96
(ASTM, 1996; 1998) and AOAC 990.06 (AOAC, 1998).
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The method detection limit (MDL) and the average recovery for each analytical method
that can be used for the analysis of DDE in water are included in the method descriptions
below. 1
EPA Method 508
In EPA Method 508 (Revision 3.1), “Determination of Chlorinated Pesticides in Water
by Gas Chromatography with an Electron Capture Detector,” a measured volume of a water
sample is solvent-extracted with methylene chloride by shaking in a separatory funnel or
mechanical bumbling in a bottle. The methylene chloride extract is isolated, dried, and
concentrated after solvent substitution with methyl tertiary butyl ether (MTBE). The
concentrated extract is then analyzed by capillary column GC/ ECD (USEPA 1995b).
The MDL for DDE in reagent water is 0.0025 µg/L and the average recovery is 127
percent (USEPA, 1995b).
EPA Method 508.1
In EPA Method 508.1 (Revision 2.0), “Determination of Chlorinated Pesticides,
Herbicides, and Organohalides by Liquid-Solid Extraction and Electron Capture
Chromatography,” the analytes are extracted by LSE (i.e., passing a water sample through a
preconditioned disk or cartridge containing a solid matrix coated with a chemically bonded C18
organic phase). The analytes are eluted from the LSE disk or cartridge with small amounts of
ethyl acetate and methylene chloride. The analytes are then concentrated by evaporation of
some of the solvent. The concentrated extract is analyzed by injecting micro-liter amounts of the
eluate into a high resolution fused silica capillary column of a GC/ECD system (USEPA, 1995c).
The MDL for DDE is 0.003 µg/L in reagent water, while the average recovery ranges
from 80 to 96.5 percent depending on the spike concentration used (USEPA, 1995c).
EPA Method 525.2
EPA Method 525.2 (Revision 2.0), “Determination of Organic Compounds in Drinking
Water by Liquid-Solid Extraction and Capillary Column Gas Chromatography/Mass
Spectrometry,” also uses the LSE method as described above. Compounds eluting from the gas
chromatography (GC) column are characterized by comparing their measured mass spectra and
retention times to reference mass spectra and retention times (USEPA, 1995d).
1

MDL is a statistical estimate of the minimum concentration of a substance that can be measured and reported with
99 percent confidence that the analyte concentration is greater than zero, i.e., greater than the background signal.
The calculation of the MDL is based upon the precision of a series of replicate measurements of the analyte at low
concentration. The MDL incorporates estimates of the accuracy of the determination. The MDL is not a
concentration that can typically be measured by the method on a routine basis. Detection limits may vary between
analysts and laboratories under various laboratory conditions.
The average recovery is the fraction or percent concentration of a target analyte determined relative to the true or
expected concentration from a sample containing a known amount of the target analyte. (This can result in apparent
recovery values greater than 100 percent.)

5-26

EPA – OGWDW

Regulatory Determinations Support Document for CCL 2

June 2008

The MDL for DDE in reagent water ranges from 0.054 to 0.075 μg/L depending on the
method option used. The recovery for DDE is reported as 104 percent (USEPA, 1995d).
5.4.2

Treatment Technologies

Treatment technology status does not influence the determination of whether or not a
contaminant should be regulated. However, treatment technologies must be readily available
before a contaminant can be regulated with a national primary drinking water regulation
(NPDWR). There is no evidence that DDE is substantially removed by conventional treatments,
such as coagulation/flocculation, sedimentation, and inert media filtration. Potential treatment
technologies include activated carbon and reverse osmosis.
Granular activated carbon (GAC) treatment removes contaminants via the physical and
chemical process of sorption, by which the contaminants attach to the carbon surface as water
passes through the carbon bed. Activated carbon has a large sorption capacity for many water
impurities, including synthetic organic chemicals, taste- and odor-causing compounds, and some
species of mercury.
Adsorption capacity is typically represented by the Freundlich isotherm constant, with
higher Freundlich (K) values indicating greater sorption potential. Activated carbon is
considered to be cost-effective for removing a particular contaminant if the Freundlich (K) value
of the contaminant is above 200 µg/g (L/µg)1/n (Speth et al., 2001). Dobbs and Cohen (1980 as
cited in Speth et al., 2001) determined that the Freundlich (K) value for DDE is 18,000 µg/g
(L/µg)1/n, which suggests that GAC is a promising treatment option.
Reverse osmosis (RO) is similar to other membrane processes, such as ultrafiltration and
nanofiltration, in that water passes through a semi-permeable membrane. However, in the case
of RO, the membrane is non-porous. RO involves the use of applied hydraulic pressure to
oppose the osmotic pressure across the membrane, forcing the water from the concentratedsolution side to the dilute-solution side. The water dissolves into the membrane, diffuses across,
then dissolves out into the permeate. Most inorganic and many organic contaminants are
rejected by the membrane and will be retained in the concentrate.
USEPA (2001) reports that the organochlorine class of pesticides can be removed with
99.9 to 100 percent efficiency using a cellulose acetate membrane and 100 percent efficiency
using a thin-film composite membrane. These results indicate that RO is a promising option for
removal of DDE in drinking water.

5.5 Regulatory Determination
The Agency has made a determination not to regulate DDE with a NPDWR. Because
DDE appears to occur infrequently at levels of concern in PWSs, the Agency believes that an
NPDWR does not present a meaningful opportunity for health risk reduction. DDE was detected
in only one of the PWSs monitored under the UCMR 1 at a level greater than the MRL (0.8
µg/L). The MRL is greater than the HRL of 0.2 μg/L but represents a concentration that is
within the 10-4 to the 10-6 cancer risk range targeted by the Agency. In addition, ambient water
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data from the USGS indicate that the maximum concentrations detected in surface and ground
water were less than the HRL.
If a State finds highly localized occurrence of DDE at concentrations above the HRL, it
should consider whether State-level guidance (or some other type of action) may be appropriate.
The Agency’s regulatory determination for this contaminant is presented formally in the
Federal Register.
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Chapter 6:
1,3-Dichloropropene

A chapter from:
Regulatory Determinations Support Document for Selected Contaminants
from the Second Drinking Water Contaminant Candidate List (CCL 2)
EPA Report 815-R-08-012

6-1

EPA – OGWDW

Regulatory Determinations Support Document for CCL 2

6-2

June 2008

EPA – OGWDW

Regulatory Determinations Support Document for CCL 2

June 2008

Executive Summary
1,3-Dichloropropene (1,3-DCP), a synthetic volatile organic compound (VOC), is used as
a pre-plant soil fumigant to control nematodes and other pests in soils to be planted with all types
of food and feed crops. 1,3-DCP is typically injected 12 to 18 inches beneath the soil surface
and can only be used by certified handlers. To mitigate risks to drinking water, 1999 labeling
requirements restrict the use of 1,3-DCP in areas with shallow ground water and vulnerable soils
in certain northern tier States; in fields within 100 feet of a drinking water well; and in areas
overlying karst geology.
1,3-DCP is toxic to organs involved in metabolism (e.g., the liver), excretion of
conjugated metabolites (e.g., urinary bladder and the kidney), and organs along the portals of
entry (e.g., forestomach for oral administration; mucous membrane of the nasal passage and
lungs for inhalation exposure). Exposure to 1,3-DCP does not appear to cause adverse
reproductive or developmental effects.
The weight of evidence suggests that 1,3-DCP is likely to be carcinogenic to humans.
This characterization is supported by tumor observations in chronic animal bioassays for both
inhalation and oral routes of exposure. Using an oral cancer slope factor of 1 x 10-1 (mg/kg/day)
1
, EPA calculated a health reference level (HRL) of 0.4 µg/L at the 10-6 cancer risk level.
Estimates of national annual use during the 1990s vary widely. Based on information
from a 1991 data call-in and other sources, EPA estimates that approximately 23 million pounds
of 1,3-DCP were used annually from 1990 to 1995. The National Center for Food and
Agricultural Policy (NCFAP) estimates that approximately 40 million pounds were used
annually around 1992 and approximately 35 million pounds were used annually around 1997.
Toxic Release Inventory (TRI) data suggest that 1,3-dichloropropene industrial releases are
dominated by air emissions, and generally declined between 1988 and 2003.
To evaluate the extent of 1,3-dichloropropene in drinking water, EPA included 1,3-DCP
as an analyte in the Unregulated Contaminant Monitoring (UCM) Round 1 and UCM Round 2
surveys. The minimum reporting levels (MRLs) for UCM Round 1 ranged from 0.02 to 10 µg/L
and the MRLs for UCM Round 2 ranged from 0.08 to 1 µg/L. EPA also analyzed for 1,3-DCP
using the samples from the small systems that were included in the First Unregulated
Contaminant Monitoring Regulation (UCMR 1) survey. The MRL used for the UCMR 1 survey
was 0.5 µg/L. Because some of these reporting limits exceeded the thresholds of interest, the
occurrence analyses may result in an underestimate of the number of systems affected.
However, the MRL values used for UCM Round 1 and UCM Round 2 as well as UCMR 1 are
within the 10-4 to the 10-6 cancer risk range.
The UCM Round 1 Cross Section data indicate that approximately 0.16 percent (or 15) of
the 9,164 public water systems (PWSs) sampled had detections of 1,3-DCP at concentrations
greater than 0.2 µg/L (½ the HRL), affecting approximately 0.86 percent of the population
served (or 438,000 of 51 million). The UCM Round 1 Cross Section data indicate that each one
of those systems also had concentrations greater than 0.4 µg/L (the HRL). That is, 0.16 percent
(or 15) of the 9,164 PWSs sampled had detections greater than 0.4 µg/L (the HRL), affecting
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approximately 0.86 percent of the population served (or 438,000 of 51 million people). The 99th
percentile of all detections was 2 µg/L and the maximum reported value was 2 µg/L.
The UCM Round 2 Cross Section data indicate that approximately 0.30 percent (or 50) of
the 16,787 PWSs sampled had detections of 1,3-DCP at concentrations greater than ½ the HRL
(0.2 µg/L), affecting approximately 0.42 percent of the population served (or 193,000 of 46
million). The UCM Round 2 Cross Section data indicate that approximately 0.23 percent (or 38)
of the 16,787 PWSs sampled had detections of 1,3-DCP at concentrations greater than the HRL
(0.4 µg/L), affecting approximately 0.33 percent of the population served (or 152,000 of 46
million). The 99th percentile of all detections was 39 µg/L and the maximum reported value was
39 µg/L.
Because the sample preservative used may have resulted in potential underestimates of
occurrence for the UCM Rounds 1 and 2 data, EPA subsequently analyzed for 1,3-DCP using the
samples provided by 796 of the small systems included in the recent UCMR 1 survey. None of
the 3,719 samples from these 796 small systems (serving a total population of 2.8 million) had
1,3-DCP at concentrations of 0.5 µg/L or more (the minimum reporting limit used for the
analysis of 1,3-DCP and a level that is slightly higher than the HRL).
EPA also evaluated several sources of supplemental information on 1,3-DCP occurrence
in ambient water and drinking water, including the National Pesticide Survey, the Pesticides in
Ground Water Database, a well water survey submitted by the pesticide registrant, the USGS
VOC National Synthesis Random Source Water Survey and Focused Source Water Survey, and
the National Highway Runoff Data and Methodology Synthesis.
The Agency has made a determination not to regulate 1,3-DCP with a national primary
drinking water regulation (NPDWR). Because 1,3-DCP appears to occur infrequently at levels
of health concern in PWSs, the Agency believes that an NPDWR does not present a meaningful
opportunity for health risk reduction. EPA believes the 1999 pesticide labeling requirements,
which are intended to mitigate risks to drinking water, may be one reason for the infrequent
occurrence of 1,3-DCP at levels of concern in subsequent monitoring surveys.
The Agency plans to update the Health Advisory document for 1,3-DCP with more
recent health information. The updated Health Advisory will provide information to any States
with public water systems that may have 1,3-DCP above the HRL. If a State finds highly
localized occurrence of 1,3-DCP at concentrations above the HRL, it should consider whether
State-level guidance (or some other type of action) may be appropriate.
The Agency’s regulatory determination for this contaminant is presented formally in the
Federal Register.
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Methyl Tertiary Butyl Ether
National Water Quality Assessment
National Center for Food and Agricultural Policy
National Pollutant Discharge Elimination System
National Primary Drinking Water Regulation
National Pesticide Survey
National Technical Information Service
National Toxicology Program
Pesticides in Ground Water Database
Photoionization Detector
Public Water System
Reference Concentration
Reference Dose
Toxics Release Inventory
Unregulated Contaminant Monitoring
First Unregulated Contaminant Monitoring Regulation
United States Geological Survey
Volatile Organic Compound
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1,3-Dichloropropene

6.1 Definition
1,3-Dichloropropene is a volatile organic chemical (VOC) used as a pesticide. It is also
known as 1,3-dichloropropylene or 1,3-DCP, and goes by the common trade names Telone II,
Dedisol C, and Vorlex (HSDB, 2004). The Chemical Abstracts Service (CAS) registry number
for 1,3-dichloropropene is 542-75-6. 1,3-Dichloropropene can exist in either cis- and transisomeric forms, and both forms are typically combined as a racemic mixture in commercial
products (USEPA, 1998). The two isomers have very similar properties; thus, this report only
treats them separately when appropriate.
6.1.1

Properties and Sources

1,3-Dichloropropene is a colorless to straw-colored or amber liquid with a pungent,
sharp, sweet, irritating, chloroform-like odor (Ashford, 1994 as cited in HSDB, 2004; NIOSH,
2004). 1,3-Dichloropropene is used as a soil fumigant to control nematodes and other soil pests,
particularly in the control of root predation (USEPA, 1998). Commercially, 1,3-dichloropropene
is produced by Dow Agrosciences. It is miscible with hydrocarbons, halogenated solvents,
esters and ketones (Tomlin, 1997 as cited in HSDB, 2004), and soluble in toluene, acetone, and
octane (Lewis, 1997 as cited in HSDB, 2004). It can be synthesized by the dehydration of 1,3dichloro-2-propanol, the dehydrochlorination of 1,2,3-trichloropropane, and the reaction of 3chloro-2-propen-1-ol with phosphorous trichloride (Budavari, 1996 as cited in HSDB, 2004), as
well as by chlorination of propylene (Sittig, 1980; Ashford, 1994 both as cited in HSDB, 2004)
or allyl chloride (Gerhartz, 1985 as cited in HSDB, 2004). The physical and chemical properties
of this VOC are summarized in Exhibit 6-1. The properties listed are common to both isomers
except where noted.
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Exhibit 6-1: Physical and Chemical Properties of 1,3-Dichloropropene
Identification
CAS number

542-75-6

Molecular Formula

C3H4Cl2
Physical and Chemical Properties

Boiling Point

cis- isomer: 104 °C 1
trans- isomer: 112.6 °C 1

Melting Point

< - 50 °C 2

Molecular Weight

110.97 g/mol 3

Koc

20-42 L/kg 4

Log Kow

1.82 2

Water Solubility
Vapor Pressure
Henry’s Law Constant
Freundlich Isotherm
Constant (K)
1

USEPA, 1998

2

Tomlin, 1997 (as cited in HSDB, 2004)

3

Budavari, 1996 (as cited in HSDB, 2004)

4

derived from Speth et al., 2001

5

Warner et al., 1987 (as cited in HSDB, 2004)

6

Speth et al., 2001

7

Gardner et al., 1990 (as cited in Speth et al., 2001)

6.1.2

cis- isomer: 2,180 mg/L at 25 °C 1
trans- isomer: 2,320 mg/L at 25 °C 1
cis- isomer: 34.3 mm Hg at 25 °C 1
trans- isomer 23.0 mm Hg at 25 °C 1
3.55 x 10-3 atm-m3/mole 5
0.088 (dimensionless), predicted 6
0.14 (dimensionless), from literature 6
200 (µg/g)(L/µg)1/n 7

Environmental Fate and Behavior

1,3-Dichloropropene is applied to soil as a fumigant. It is estimated that 5-10 percent of
the cis isomer is lost to the atmosphere from a warm moist sandy loam (USEPA, 1980 as cited in
HSDB, 2004). The Henry’s law constant and vapor pressure indicate that volatilization from
moist and dry soil may be an important fate process (HSDB, 2004).
In soil, 1,3-dichloropropene can exist as a vapor or in solution. The phase has important
mobility implications. In the vapor phase, 1,3-dichloropropene more strongly adsorbs to soil
particles, and is of medium to low mobility in soil. The adsorption potential varies, however,
with soil organic matter content and temperature. Adsorption increases with higher organic
matter content and lower temperatures (Munnecke and Vangundy, 1979, Leistra, 1970, Swann et
al., 1983, all as cited in ATSDR, 1992). The mobility of 1,3-dichloropropene in solution, on the
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other hand, is relatively high because adsorption capacity is low in the aqueous phase.
Consequently, aqueous 1,3-dichloropropene has the potential to leach to ground water (Swann et
al., 1983 as cited in ATSDR, 1992). Koc values for 1,3-dichloropropene (see Exhibit 6-1) also
suggest high mobility in soil (HSDB, 2004). Data from a number of States and regions where
1,3-dichloropropene is used indicate that the compound does leach to ground water with normal
agricultural use (USEPA, 1998).
Roberts and Stoydin (1976, as cited in HSDB, 2004) report a biodegradation half-life in
soil of 3 to 4 weeks, although they speculate that some of the chemical may have been lost due to
volatilization. Other researchers have reported half-lives for both isomers that range from 3 to
25 days (van der Pas and Leistra, 1987, Albrecht, 1987, both as cited in HSDB, 2004). The type
of soil greatly affects the rate of biodegradation, with half-lives of 1.8, 12.3, and 61 days
observed in aerobically incubated Wahiawa silt clay, Catlin silt loam, and Fuquay loamy sand,
respectively (Batzer et al., 1997 as cited in HSDB, 2004).
1,3-Dichloropropene in soil is also subject to hydrolysis. Krijgsheld and van der Gen
(1986 as cited in HSDB, 2004) have reported hydrolysis half-lives in soil of 1.5 to 20 days at 20
o
C and 91 to 100 days at 2 oC. Hydrolysis of the cis- and trans- isomers results in the formation
of the corresponding 3-chloroallyl alcohols, which then form the corresponding 3chloroallylacrylic acids (Albrecht, 1987 as cited in HSDB, 2004).
The Henry’s Law constant indicates that 1,3-dichloropropene is expected to volatilize
from water (Lyman et al., 1990 as cited in HSDB, 2004). A half-life of less than five hours for
the evaporation of 1,3-dichloropropene from ditch water samples has been reported (Yon et al.,
1991 as cited in HSDB, 2004).

6.2 Health Effects
Chronic and subchronic exposures to 1,3-DCP at doses of 12.5 mg/kg/day and above in
animal dietary studies indicate that 1,3-DCP is toxic to organs involved in metabolism (liver),
excretion of conjugated metabolites (e.g., urinary bladder and the kidney) and organs along the
portals of entry (e.g., forestomach for oral administration; mucous membrane of the nasal
passage and lungs for inhalation exposure). Exposure to 1,3-DCP has not been shown to cause
reproductive or developmental effects. Neither reproductive nor developmental toxicity were
observed in a two-generation reproductive study in rats or in developmental studies in rats and
rabbits at maternal inhalation concentrations up to 376 mg/m3 (USEPA, 2000). Even
concentrations that produced parental toxicity did not produce reproductive or developmental
effects (USEPA, 2000).
A reference does (RfD) of 0.03 mg/kg/day for 1,3-DCP (USEPA, 2000) has been
established using a benchmark dose (BMD) analysis based on a two-year chronic bioassay (Stott
et al., 1995 as cited in USEPA, 2000) in which chronic irritation (forestomach hyperplasia) and
significant body weight reduction were the critical and co-critical effects, respectively. A
reference concentration (RfC) of 0.02 mg/m3 was derived from a two-year bioassay (Lomax et
al., 1989 as cited in USEPA, 2000), which observed histopathology in the nasal epithelium.
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Under the proposed cancer risk assessment guidelines, the weight of evidence for
evaluation of 1,3-DCP’s ability to cause cancer suggests that it is likely to be carcinogenic to
humans (USEPA, 2000). This characterization is supported by tumor observations in chronic
animal bioassays for both inhalation and oral routes of exposure.
The oral cancer slope factors calculated from chronic dietary, gavage and inhalation data
ranged from 5 x 10-2 to 1 x 10-1(mg/kg/day)-1. Due to uncertainties in the delivered doses in
some studies, EPA’s Integrated Risk Information System (IRIS) recommended using the oral
slope factor of 1 x 10-1 (mg/kg/day)-1 from a National Toxicology Program (NTP) study (NTP,
1985). Using this oral slope factor, EPA calculated a health reference level (HRL) of 0.4 µg/L at
the 10-6 cancer risk level.
EPA also evaluated whether health information is available regarding the potential
effects on children and other sensitive populations. No human or animal studies are available
that have examined the effect of 1,3-DCP exposure on juvenile subjects. Therefore, its effects
on children are unknown. Developmental studies in rats and rabbits show no evidence of
develop-mental effects and therefore it is unlikely that 1,3-DCP causes developmental toxicity.

6.3 Occurrence and Exposure
6.3.1

Use and Environmental Release

1,3-Dichloropropene, marketed under the trade name “Telone,” is used as a soil fumigant
to control nematodes and other soil pests. It is applied before planting, and generally injected 12
to 18 inches into the soil to minimize volatilization. 1,3-Dichloropropene was first registered for
use in the United States in 1954. It is currently registered for commercial cultivation of all types
of food and feed crops, including vegetable, fruit and nut crops, forage crops (grasses, legumes
and other non-grass forage crops), tobacco, fiber crops, and nursery crops (ornamental, nonbearing fruit/nut trees and forestry crops). 1,3-Dichloropropene can only be applied by certified
operators; it is not registered for household use. Since 1999, use of 1,3-dichloropropene has
been restricted to mitigate risks to ground water. Use of the fumigant is prohibited within 100
feet of drinking water wells, in areas overlying karst geology, and in parts of certain northern tier
States (ND, SD, WI, MN, NY, ME, NH, VT, MA, UT, MT) where aquifers are shallow and soils
are porous (USEPA, 1998).
National use estimates are available. Using data from a variety of published sources and
its own proprietary data, mostly from a 1991 data call-in, USEPA (1998) estimated that
approximately 23 million pounds of active ingredient (a.i.) were used annually to treat
approximately 372 thousand acres during the years 1990-1995. The National Center for Food
and Agricultural Policy (NCFAP) lists uses of 1,3-dichloropropene on 17 crops totaling
approximately 40.1 million pounds a.i. per year in 1992, and uses on 18 crops totaling
approximately 34.7 million pounds of a.i. per year in 1997 (NCFAP, 2003). For more
information on NCFAP pesticide estimates, see Chapter 2.
The United States Geological Survey (USGS) combined data collected by NCFAP with
data from the Census of Agriculture to estimate that 40.0 million pounds of 1,3-dichloropropene
a.i. per year were used in agriculture in the early 1990s (Thelin and Gianessi, 2000). While
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USGS has not published national estimates for 1997, an estimate of approximately 33.5 million
pounds a.i. can be inferred from the “total pounds applied” and “percent national use” data in the
1997 geographical distribution map (Exhibit 6-2).
Exhibit 6-2 shows the estimated geographic distribution and intensity of typical annual
1,3-dichloropropene use in the United States in the late 1990s. A breakdown of use by crop is
also included. The map was created by USGS using State-level data sets on pesticide use rates
from 1995-1998 compiled by NCFAP, combined with county-level data on harvested crop
acreage obtained from the 1997 Census of Agriculture (USGS, 2004). Due to the nature of the
data sources, non-agricultural uses are not reflected here and variations in use at the county-level
are also not well represented (Thelin and Gianessi, 2000). However, because there are no
registered residential uses for 1,3-dichloropropene, non-agricultural use is expected to be
insignificant (USEPA, 1998). For more background on the USGS pesticide use maps, see
Chapter 2. The map indicates that 1,3-dichloropropene use is concentrated in the Southeast, the
Southwest, and the Northwest of the country, with isolated pockets elsewhere.
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Exhibit 6-2: Estimated Annual Agricultural Use of 1,3-Dichloropropene (c. 1997)

Source: USGS, 2004

1,3-Dichloropropene is listed as a Toxics Release Inventory (TRI) chemical. For a
discussion of the nature and limitations of TRI data, see Chapter 2.
TRI data for 1,3-dichloropropene (see Exhibit 6-3) are reported for the years 1988 to
2003 (USEPA, 2006). Air emissions constitute most of the on-site releases (and total releases),
and generally decrease throughout the period of record. A sharp decline is evident between 1995
and 1996, and a modest increase in 2000 and 2001. Surface water discharges are of secondary
importance, and no obvious trend is evident. Reported underground injection, releases to land,
and off-site releases are generally insignificant. TRI releases of 1,3-dichloropropene were
reported from facilities in 17 States (AR, CA, DE, FL, GA, HI, IL, KY, LA, MI, MS, NJ, NC,
OH, SC, TX, and WA), although not all States had facilities reporting releases every year.
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Exhibit 6-3: Environmental Releases (in pounds) of 1,3-Dichloropropene in the
United States, 1988-2003
Year
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003

On-Site Releases
Surface Water Underground
Air Emissions
Discharges
Injection
54,590
250
0
50,917
340
0
59,473
310
0
20,405
0
0
37,711
69
0
33,348
2
0
24,670
86
0
32,977
193
0
10,875
1,270
0
10,131
67
0
11,566
61
0
6,600
68
0
10,295
288
2
13,062
460
0
9,860
85
0
8,256
6
0

Releases
to Land
0
0
0
0
0
0
0
0
0
0
1
0
200
0
332
412

Off-Site
Releases
0
3,354
0
0
0
0
0
0
0
0
0
168
10
505
255
250

Total On- &
Off-site
Releases
54,840
54,611
59,783
20,405
37,780
33,350
24,756
33,170
12,145
10,198
11,628
6,836
10,795
14,027
10,532
8,924

Source: USEPA, 2006

6.3.2

Ambient Water Occurrence

Ambient lakes, rivers, and aquifers are sources of drinking water. Recent data on the
occurrence of 1,3-dichloropropene in ambient surface and ground water are available from the
National Water Quality Assessment (NAWQA) program of the USGS. For details on this
program, see the discussion in Chapter 2. USGS has also collected data on 1,3-dichloropropene
occurrence in reviews of existing literature.
NAWQA VOC National Synthesis
Random and Focused VOC Surveys
Using data collected from the NAWQA study units and other sources, USGS and
collaborating institutions have recently completed a national assessment of VOC occurrence in
the nation’s drinking water supply. The assessment included a random survey (1999-2000) of
VOC occurrence in ground and surface water resources used by geographically representative
community water systems (CWSs) in different size categories (Grady, 2003) and a focused
survey (1999-2001) of VOC occurrence patterns, including seasonal variability, in source waters
considered particularly susceptible to methyl tertiary butyl ether (MTBE) contamination (Delzer
and Ivahnenko, 2003). 1,3-Dichloropropene was included as an analyte in both surveys, with a
reporting level of 0.2 µg/L (Ivahnenko et al., 2001).
Neither the national random survey nor the focused survey found any detections of 1,3dichloropropene at the reporting level of 0.2 µg/L (Grady, 2003; Delzer and Ivahnenko, 2003).
6-17

EPA – OGWDW

Regulatory Determinations Support Document for CCL 2

June 2008

Even when evaluating occurrence at levels as low as the method detection limit (0.024 µg/L for
cis-1,3-dichloropropene and 0.026 µg/L for trans-1,3-dichloropropene), the focused survey
found no detections of either isomer (Delzer and Ivahnenko, 2003).
Compilation of Historical VOC Monitoring Data
USGS (Squillace et al., 1999) assessed VOC occurrence in untreated ambient ground
water samples collected between 1985 and 1995 by local, State, and federal agencies. The
samples represented both urban and rural areas, and both drinking water and non-drinking water
wells.
Multiple investigators collected cis-1,3-dichloropropene samples from 349 urban wells
and 2,138 rural wells and trans-1,3-dichloropropene samples from 347 urban wells and 2,039
rural wells. At a reporting level of 0.2 µg/L, there were no detections of either isomer (Squillace
et al., 1999).
USGS Stormwater Studies
For the National Highway Runoff Data and Methodology Synthesis, USGS conducted a
review of 44 highway and urban runoff studies implemented since 1970 (Lopes and Dionne,
1998). 1,3-Dichloropropene results are reported in four of these studies. For more information
on this collection of studies, see Chapter 2.
Three of the studies were stormwater studies conducted in major metropolitan areas in
connection with National Pollutant Discharge Elimination System (NPDES) permitting. In
metropolitan Phoenix (Maricopa County), USGS collected 35 samples from five drainage basins
and the City of Phoenix collected an additional 26 samples from seven sites (Lopes et al., 1995).
In Colorado Springs, 35 samples were collected from five sites (von Guerard and Weiss, 1995).
In Dallas-Fort Worth, 182 samples were collected from 26 stormwater drainage basins (Baldys
et al., 1998). The reporting limits were 0.2 µg/L in Phoenix and Colorado Springs, and they
ranged from 0.2 to 10 µg/L in Dallas/Fort Worth. Not all samples were monitored for every
contaminant. These three studies reported no detections of 1,3-dichloropropene.
The fourth study analyzed 86 urban runoff samples from 15 cities, collected between
1979 and 1982 in connection with the National Urban Runoff Program (Cole et al., 1984). 1,3Dichloropropene was detected in 2 percent of samples, in concentrations ranging from 1 µg/L to
2 µg/L. All detections were from Eugene, Oregon. A detection limit was not reported.
6.3.2

Drinking Water Occurrence

Nationally representative data on 1,3-dichloropropene occurrence in drinking water were
collected by large and small public water systems under EPA’s Unregulated Contaminant
Monitoring (UCM) program (1987-1999). However, there are doubts about the reliability of
these data. Subsequently, additional 1,3-dichloropropene monitoring has been conducted, using
a revised protocol, in conjunction with recent First Unregulated Contaminant Monitoring
Regulation (UCMR 1) monitoring.
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UCM Program, Rounds 1 and 2
1,3-Dichoropropene monitoring results from UCM Rounds 1 and 2 may have been
compromised by the widespread use of sodium sulfate and sodium thiosulfate as dechlorinating
agents. Before it was recognized that sodium sulfate and sodium thiosulfate degrade 1,3dichloropropene in analytical samples, the two compounds were commonly used to preserve
drinking water samples for VOC testing. Hence, older drinking water surveys like UCM Rounds
1 and 2 likely underestimate actual 1,3-dichloropropene occurrence. (This concern does not
apply to the ambient 1,3-dichloropropene monitoring described above. USGS’s ambient
monitoring typically does not involve a dechlorination step. In rare cases when dechlorination is
necessary, USGS employs ascorbic acid as the dechlorinating agent.)
With the caveat that UCM occurrence estimates are likely underestimates, it is still
instructive to analyze the occurrence data collected. Round 1 of the UCM lasted from 1988 to
1992, and Round 2 lasted from 1993 to 1999. A geographical cross-section of States with the
most complete and reliable data was chosen to provide a roughly representative picture of
national occurrence in each round. For details on the UCM program, see Chapter 2 and USEPA
(2008a).
Exhibits 6-4 and 6-5 show the results from the Round 1 and Round 2 cross-sections.
Results from all States, including those with incomplete and less reliable data, are also presented
for the sake of comparison. Results are analyzed at the level of simple detections (at or above
the minimum reporting level, or ≥ MRL), exceedances of the health reference level (> HRL, or >
0.4 µg/L), and exceedances of one half the value of the HRL (> 2 HRL, or > 0.2 µg/L). MRLs
for 1,3-dichloropropene were not uniform. They varied from 0.02 to 10 µg/L in the first Round,
and from 0.08 to 1 µg/L in the second Round. The modal (most common) MRL in both Rounds
was 0.5 µg/L. Because the MRL was often higher than the HRL and 2 HRL, it is likely that the
sampling failed to capture some 2 HRL and HRL exceedances at the participating systems, and
that the 2 HRL and HRL analyses underestimate actual 1,3-dichloropropene occurrence.
However, all MRLs fell within (or below) the risk range of 10-6 to 10-4 used by EPA to evaluate
carcinogens (see Section 2.1.1).
In Round 1 cross-section States, 1,3-dichloropropene was detected at approximately
0.16% of public water systems (PWSs), affecting 0.86% of the population served, equivalent to
approximately 1.8 million people nationally. All of these detections were at concentrations
higher than the HRL. This is not surprising, since the most common MRL, 0.5 µg/L, is higher
than the HRL.
When all Round 1 results are included in the analysis, including results from States with
incomplete or less reliable data, 1,3-dichloropropene detection frequencies appear to be slightly
higher than the cross-section data indicate. Detections affect 0.20% of PWSs and 0.95% of the
population served; exceedances of the HRL (and 2 HRL) affect 0.19% of PWSs and 0.94% of
the population served.
In Round 2 cross-section States, 1,3-dichloropropene was detected at 0.35% of PWSs,
affecting 0.55% of the population served, equivalent to approximately 1.2 million people
nationally. The 2 HRL benchmark was exceeded in 0.30% of PWSs, affecting 0.42% of the
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population served, equivalent to approximately 0.9 million people nationally. The HRL
benchmark was exceeded in 0.23% of PWSs, affecting 0.33% of the population served,
equivalent to approximately 0.7 million people nationally. Compared with Round 1, Round 2
shows greater occurrence of 1,3-dichloropropene across the board, and shows a greater
proportion of detections at low levels that do not exceed the health-related benchmarks. Both of
these phenomena are at least partly explained by the fact that the analytical detection methods
used in Round 2 were generally more sensitive.
When all Round 2 results are included in the analysis, 1,3-dichloropropene occurrence
findings appear to be slightly lower than those observed for the cross-section data. Detections
affect 0.31% of PWSs and 0.47% of the population served; 2 HRL exceedances affect 0.27% of
PWSs and 0.36% of the population served; and HRL exceedances affect 0.20% of PWSs and
0.27% of the population served.
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Exhibit 6-4: Summary UCM Occurrence Statistics for 1,3-Dichloropropene
(Round 1)
24-State
Cross-Section1

All Reporting States2

National System & Population
Numbers3

Total Number of Samples

31,104

31,973

--

Percent of Samples with Detections

0.06%

0.09%

--

Frequency Factors

th

99 Percentile Concentration (all samples)

< MRL

< MRL

--

Health Reference Level (HRL)

0.4 µg/L

0.4 µg/L

--

0.02 - 10 µg/L
(0.5 µg/L)

0.02 - 10 µg/L
(0.5 µg/L)

--

2.0 µg/L

17.0 µg/L

--

99 Percentile Concentration of Detections

2.0 µg/L

15.6 µg/L

--

Median Concentration of Detections

1.0 µg/L

1.0 µg/L

--

9,164
8,303
898

9,307
8,401
947

65,030
59,440
5,590

50,917,006
24,660,968
29,271,833

52,879,061
26,106,876
29,867,090

Minimum Reporting Level (MRL) - Range
4
- (modal value)
Maximum Concentration of Detections
th

Total Number of PWSs
Number of GW PWSs
Number of SW PWSs
Total Population
Population of GW PWSs
Population of SW PWSs

213,008,182
85,681,696
127,326,486
National Extrapolation5
Cross-Section
All States
106
133
N/A
N/A
72
99
31
35

Number

Percentage

Number

Percentage

PWSs with detections (> MRL)
Range across States
GW PWSs with detections
SW PWSs with detections

15
0-7
10
5

0.16%
0 - 1.75%
0.12%
0.56%

19
0-7
14
6

0.20%
0 - 100%
0.17%
0.63%

PWSs > 1/2 HRL
Range across States
GW PWSs > 1/2 HRL
SW PWSs > 1/2 HRL

15
0-7
10
5

0.16%
0 - 1.75%
0.12%
0.56%

18
0-7
13
6

0.19%
0 - 100%
0.15%
0.63%

106
N/A
72
31

126
N/A
92
35

PWSs > HRL
Range across States
GW PWSs > HRL
SW PWSs > HRL

15
0-7
10
5

0.16%
0 - 1.75%
0.12%
0.56%

18
0-7
13
6

0.19%
0 - 100%
0.15%
0.63%

106
N/A
72
31

126
N/A
92
35

Population served by PWSs with detections
Range across States
Pop. Served by GW PWSs with detections
Pop. Served by SW PWSs with detections

436,223
0 - 225,630
146,155
290,068

0.86%
0 - 6.12%
0.59%
0.99%

500,486
0 - 225,630
210,418
342,118

0.95%
0 - 100%
0.81%
1.15%

1,825,000
N/A
508,000
1,262,000

2,016,000
N/A
691,000
1,458,000

Population served by PWSs > 1/2 HRL
Range across States
Pop. Served by GW PWSs > 1/2 HRL
Pop. Served by SW PWSs > 1/2 HRL

436,223
0 - 225,630
146,155
290,068

0.86%
0 - 6.12%
0.59%
0.99%

497,246
0 - 225,630
207,178
342,118

0.94%
0 - 100%
0.79%
1.15%

1,825,000
N/A
508,000
1,262,000

2,003,000
N/A
680,000
1,458,000

Population served by PWSs > HRL
Range across States
Pop. Served by GW PWSs > HRL
Pop. Served by SW PWSs > HRL

436,223
0 - 225,630
146,155
290,068

0.86%
0 - 6.12%
0.59%
0.99%

497,246
0 - 225,630
207,178
342,118

0.94%
0 - 100%
0.79%
1.15%

1,825,000
N/A
508,000
1,262,000

2,003,000
N/A
680,000
1,458,000

Occurrence by System

Occurrence by Population Served

1.
2.
3.
4.
5.

Summary Results based on 24-State Cross-Section, UCM Round 1 data.
Summary Results based on All Reporting States, UCM Round 1 data.
Total PWS and population numbers are from EPA March 2000 Water Industry Baseline Handbook, 2nd Edition.
Because several different analytical methods were used, MRLs were not uniform. The modal value is the most common MRL.
National extrapolations are generated by multiplying the system/population percentages and the national Baseline Handbook system/population numbers.

Abbreviations:
PWS = Public Water Systems; GW = Ground Water; SW = Surface Water; N/A = Not Applicable; Total Number of Samples = total number of samples on record for the
th
th
contaminant; 99 Percentile Concentration = the concentration in the 99 percentile sample (out of either all samples or just samples with detections); Median Concentration of
Detections = the concentration in the median sample (out of samples with detections); Total Number of PWSs = the total number of PWSs for which sampling results are
available; Total Population Served = the total population served by PWSs for which sampling results are available; PWSs with Detections, PWSs > 2 HRL, or PWSs > HRL =
PWSs with at least one sampling result greater than or equal to the MRL, exceeding the 2 HRL benchmark, or exceeding the HRL benchmark, respectively; Population Served
by PWSs with Detections, by PWSs > 2 HRL, or by PWSs > HRL = population served by PWSs with at least one sampling result greater than or equal to the MRL, exceeding
the 2 HRL benchmark, or exceeding the HRL benchmark, respectively.
Notes:
-Only results at or above the MRL were reported as detections. Concentrations below the MRL are considered non-detects.
-Because some systems were counted as both ground water and surface water systems and others could not be classified, GW and SW figures might not add up to totals.
-Due to differences between the ratios of GW and SW systems with monitoring results and the national ratio, extrapolated GW and SW figures might not add up to extrapolated
totals.
-Due to MRL variability, it is likely that the sampling failed to capture some 2 HRL and HRL exceedances at the participating systems, and the 2 HRL and HRL analyses
underestimate actual contaminant occurrence.
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Exhibit 6-5: Summary UCM Occurrence Statistics for 1,3-Dichloropropene
(Round 2)
20-State
Cross-Section1

All Reporting States2

National System & Population
Numbers3

Total Number of Samples

70,631

79,388

--

Percent of Samples with Detections

0.11%

0.10%

--

99th Percentile Concentration (all samples)

< MRL

< MRL

--

Health Reference Level (HRL)

0.4 µg/L

0.4 µg/L

--

0.08 - 1 µg/L
(0.5 µg/L)

0.08 - 1 µg/L
(0.5 µg/L)

--

39 µg/L

39 µg/L

--

99 Percentile Concentration of Detections

39 µg/L

25 µg/L

--

Median Concentration of Detections

0.5 µg/L

0.5 µg/L

--

16,787
15,178
1,609

18,944
17,098
1,846

65,030
59,440
5,590

45,951,052
17,423,030
28,528,022

55,713,623
21,446,615
34,267,008

Frequency Factors

Minimum Reporting Level (MRL) - Range
- (modal value)4
Maximum Concentration of Detections
th

Total Number of PWSs
Number of GW PWSs
Number of SW PWSs
Total Population
Population of GW PWSs
Population of SW PWSs

213,008,182
85,681,696
127,326,486
National Extrapolation5
Cross-Section
All States
225
203
N/A
N/A
188
167
35
33

Number

Percentage

Number

Percentage

PWSs with detections (> MRL)
Range across States
GW PWSs with detections
SW PWSs with detections

58
0 - 43
48
10

0.35%
0 - 2.91%
0.32%
0.62%

59
0 - 43
48
11

0.31%
0 - 2.91%
0.28%
0.60%

PWSs > 1/2 HRL
Range across States
GW PWSs > 1/2 HRL
SW PWSs > 1/2 HRL

50
0 - 35
41
9

0.30%
0 - 2.36%
0.27%
0.56%

51
0 - 35
41
10

0.27%
0 - 2.36%
0.24%
0.54%

194
N/A
161
31

175
N/A
143
30

PWSs > HRL
Range across States
GW PWSs > HRL
SW PWSs > HRL

38
0 - 23
29
9

0.23%
0 - 1.55%
0.19%
0.56%

38
0 - 23
29
9

0.20%
0 - 1.55%
0.17%
0.49%

147
N/A
114
31

130
N/A
101
27

Population served by PWSs with detections
Range across States
Pop. Served by GW PWSs with detections
Pop. Served by SW PWSs with detections

252,643
0 - 209,261
197,066
55,577

0.55%
0 - 5.78%
1.13%
0.19%

260,157
0 - 209,261
197,066
63,091

0.47%
0 - 5.78%
0.92%
0.18%

1,171,000
N/A
969,000
248,000

995,000
N/A
787,000
234,000

Population served by PWSs > 1/2 HRL
Range across States
Pop. Served by GW PWSs > 1/2 HRL
Pop. Served by SW PWSs > 1/2 HRL

192,870
0 - 149,488
141,275
51,595

0.42%
0 - 4.13%
0.81%
0.18%

200,384
0 - 149,488
141,275
59,109

0.36%
0 - 4.13%
0.66%
0.17%

894,000
N/A
695,000
230,000

766,000
N/A
564,000
220,000

Population served by PWSs > HRL
Range across States
Pop. Served by GW PWSs > HRL
Pop. Served by SW PWSs > HRL

151,553
0 - 108,171
99,958
51,595

0.33%
0 - 2.99%
0.57%
0.18%

151,553
0 - 108,171
99,958
51,595

0.27%
0 - 2.99%
0.47%
0.15%

703,000
N/A
492,000
230,000

579,000
N/A
399,000
192,000

Occurrence by System

Occurrence by Population Served

1.
2.
3.
4.
5.

Summary Results based on 20-State Cross-Section, UCM Round 2 data.
Summary Results based on All Reporting States, UCM Round 2 data.
Total PWS and population numbers are from EPA March 2000 Water Industry Baseline Handbook, 2nd Edition.
Because several different analytical methods were used, MRLs were not uniform. The modal value is the most common MRL.
National extrapolations are generated by multiplying the system/population percentages and the national Baseline Handbook system/population numbers.

Abbreviations:
PWS = Public Water Systems; GW = Ground Water; SW = Surface Water; N/A = Not Applicable; Total Number of Samples = total number of samples on record for the
contaminant; 99th Percentile Concentration = the concentration in the 99th percentile sample (out of either all samples or just samples with detections); Median Concentration of
Detections = the concentration in the median sample (out of samples with detections); Total Number of PWSs = the total number of PWSs for which sampling results are
available; Total Population Served = the total population served by PWSs for which sampling results are available; PWSs with Detections, PWSs > 2 HRL, or PWSs > HRL =
PWSs with at least one sampling result greater than or equal to the MRL, exceeding the 2 HRL benchmark, or exceeding the HRL benchmark, respectively; Population Served
by PWSs with Detections, by PWSs > 2 HRL, or by PWSs > HRL = population served by PWSs with at least one sampling result greater than or equal to the MRL, exceeding
the 2 HRL benchmark, or exceeding the HRL benchmark, respectively.
Notes:
-Only results at or above the MRL were reported as detections. Concentrations below the MRL are considered non-detects.
-Due to differences between the ratios of GW and SW systems with monitoring results and the national ratio, extrapolated GW and SW figures might not add up to extrapolated
totals.
-Due to MRL variability, it is likely that the sampling failed to capture some 2 HRL and HRL exceedances at the participating systems, and the 2 HRL and HRL analyses
underestimate actual contaminant occurrence.
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Each of the following maps focuses on a somewhat different aspect of the geographical
distribution of 1,3-dichloropropene occurrence. The first exhibit (Exhibit 6-6) identifies all
States with at least one PWS with a detection of 1,3-dichloropropene in Round 1 or Round 2.
All States are included in this analysis, including both cross-section States with reliable data and
non-cross-section States with less reliable data, in order to provide the broadest assessment of
possible 1,3-dichloropropene occurrence. The second exhibit (Exhibit 6-7) presents the same
information (identifying States with detections, regardless of whether they were included in the
cross-sections) separately for Round 1 (1988-1992) and Round 2 (1993-1999), to reveal
temporal trends.
The third exhibit (Exhibit 6-8) illustrates the geographic distribution of States with
different detection frequencies (percentage of PWSs with at least one detection), and the fourth
exhibit (Exhibit 6-9) illustrates the geographic distribution of different HRL exceedance
frequencies (percentage of PWSs with at least one HRL exceedance). Only cross-section States,
which have the most complete and reliable occurrence data, are included in these two analyses.
In each exhibit, Round 1 data are presented in the upper map and Round 2 data are presented in
the lower map to reveal temporal trends.
In each map, two color categories represent States with no data. States in white do not
belong to the relevant Round or cross-section, and States in the lightest category of shading were
included in the Round or cross-section but have no data for 1,3-dichloropropene. The darker
shades are used to differentiate occurrence findings in States with 1,3-dichloropropene data.
These maps reveal no clear geographic or temporal patterns of 1,3-dichloropropene
occurrence. States with PWSs with detections are distributed from the east to the west coast, and
from the Canadian to the Mexican borders. Even the States with the highest proportion of PWSs
with detections are generally distributed across the United States.
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Exhibit 6-6: Geographic Distribution of 1,3-Dichloropropene Detections in Both
Cross-Section and Non-Cross-Section States (Combined UCM Rounds 1 and 2)
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Exhibit 6-7: Geographic Distribution of 1,3-Dichloropropene Detections in Both
Cross-Section and Non-Cross-Section States (Above: UCM Round 1; Below: UCM
Round 2)
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Exhibit 6-8: Geographic Distribution of 1,3-Dichloropropene
Detection Frequencies in Cross-Section States (Above: UCM Round
1; Below: UCM Round 2)
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Exhibit 6-9: Geographic Distribution of 1,3-Dichloropropene HRL
Exceedance Frequencies in Cross-Section States (Above: UCM
Round 1; Below: UCM Round 2)

6-27

June 2008

EPA – OGWDW

Regulatory Determinations Support Document for CCL 2

June 2008

Eight States (AK, KY, MD, MN, NC, NM, OH, and WA) contributed 1,3dichloropropene data to both the Round 1 and Round 2 cross-sections. While these States are
not necessarily nationally representative, they enable some assessment of temporal trends in 1,3dichloropropene occurrence. Exhibits 6-10 and 6-11 indicate that both detections and HRL
exceedances began in 1991 and peaked in 1994, and that by far the State with the highest rate of
detections, among the eight, was Minnesota.
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Exhibit 6-10: Annual Frequency of 1,3-Dichloropropene Detections (above) and
HRL Exceedances (below), 1985 - 1997, in Select Cross-Section States
Percent PWSs ≥
0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00
1985 1986 1987 1988 1989 1990 1991 1992 1992 1993 1994 1995 1996 1997

Round 1

Round 2

Percent PWSs > HRL
0.80%
0.70%
0.60%
0.50%
0.40%
0.30%
0.20%
0.10%
0.00%
1985 1986 1987 1988 1989 1990 1991 1992 1992 1993 1994 1995 1996 1997

Round 1

Round 2

Note: Data are from AK, KY, MD, MN, NC, NM, OH, and WA. (These eight States are the only States in both the Round
1 and the Round 2 cross-sections.) Both Round 1 and Round 2 have data for 1992; 1992 results from each Round are
presented separately. The HRL for 1,3-dichloropropene is 0.4 µg/L.
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Exhibit 6-11: Distribution of 1,3-Dichloropropene Detections (above) and HRL
Exceedances (below) Among Select Cross-Section States
Percent PWSs ≥ MRL
3.0%
2.5%
2.0%
1.5%
1.0%
0.5%
0.0%
AK

K

M

M
Round 1

NC

N

O

WA

NM

OH

WA

Round 2

Percent PWSs > HRL
3.0%
2.5%
2.0%
1.5%
1.0%
0.5%
0.0%
AK

KY

MD

MN
Round 1

NC
Round 2

Note: These eight States are the only States in both the Round 1 and Round 2 cross-sections.
The HRL for 1,3-dichloropropene is 0.4 µg/L.
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Additional Monitoring in Conjunction with UCMR 1 Monitoring
UCMR 1 monitoring was conducted primarily from 2001 to 2003. Although 1,3dichloropropene was not officially a UCMR 1 contaminant, EPA collected 1,3-dichloropropene
data from UCMR 1 small system samples alongside the regular List 1 contaminants, using an
appropriate analytical method that does not involve sodium sulfate or sodium thiosulfate. The
surface water and ground water systems were selected to be representative of small systems
nationwide. For a description of the UCMR 1 monitoring plan, see Chapter 2. See also USEPA
(2008b) for more information on UCMR 1.
A total of 3,719 samples from 796 systems were analyzed for cis- and trans-1,3dichloropropene. Neither isomer was detected in any sample. The reporting limit for each
isomer was 0.50 µg/L. See Exhibit 6-12.
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Exhibit 6-12: Summary UCMR 1 Occurrence Statistics for 1,3-Dichloropropene in
Small Systems
UCMR Data Small Systems

Frequency Factors

National System &
Population Numbers1

Total Number of Samples

3,719

--

Percent of Samples with Detections

0.00%

--

99th Percentile Concentration (all samples)

< MRL

--

Health Reference Level (HRL)

0.4 µg/L

--

Minimum Reporting Level (MRL)

0.50 µg/L

--

99 Percentile Concentration of Detections

< MRL

--

Median Concentration of Detections

< MRL

--

796
589
207

60,414
56,072
4,342

2,758,082
1,937,327
820,755

45,414,590
36,224,336
9,190,254

th

Total Number of PWSs
Number of GW PWSs
Number of SW PWSs
Total Population
Population of GW PWSs
Population of SW PWSs
Occurrence by System
PWSs (GW & SW) with Detections (> MRL)

0

0.00%

National Extrapolation2
0

PWSs (GW & SW) > 1/2 HRL

0

0.00%

0

PWSs (GW & SW) > HRL
Occurrence by Population Served

0

0.00%

0

Population Served by PWSs with Detections

0

0.00%

0

Population Served by PWSs > 1/2 HRL

0

0.00%

0

Population Served by PWSs > HRL

0

0.00%

0

Number

Percentage

1. Total PWS and population numbers are from EPA September 2004 Drinking Water Baseline Handbook, 4th edition.
2. National extrapolations are generated separately for each population-served size stratum and then added to yield the national estimate of GW PWSs with detections
(and population served) and SW PWSs with detections (and population served). For intermediate calculations at the level of individual strata, see EPA’s UCMR 1
Occurrence Report, entitled “The Analysis of Occurrence Data from the First Unregulated Contaminant Monitoring Regulation (UCMR 1) in Support of Regulatory
Determinations for the Second Drinking Water Contaminant Candidate List.”
Abbreviations:
PWS = Public Water Systems; GW = Ground Water; SW = Surface Water; N/A = Not Applicable; Total Number of Samples = the total number of samples on record
for the contaminant; 99th Percentile Concentration = the concentration in the 99th percentile sample (out of either all samples or just samples with detections);
Median Concentration of Detections = the concentration in the median sample (out of samples with detections); Total Number of PWSs = the total number of PWSs for
which sampling results are available; Total Population Served = the total population served by PWSs for which sampling results are available; PWSs with detections,
PWSs > 2 HRL, or PWSs > HRL = PWSs with at least one sampling result greater than or equal to the MRL, exceeding the 2 HRL benchmark, or exceeding the HRL
benchmark, respectively; Population Served by PWSs with detections, by PWSs > 2 HRL, or by PWSs > HRL = population served by PWSs with at least one sampling
result greater than or equal to the MRL, exceeding the 2 HRL benchmark, or exceeding the HRL benchmark, respectively.
Notes:
-Small systems are those that serve 10,000 persons or fewer.
-Only results at or above the MRL were reported as detections. Concentrations below the MRL are considered non-detects.
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Pesticides in Ground Water Database (PGWDB)
The Pesticides in Ground Water Database (PGWDB) is a compilation of data from
ground water studies conducted by federal, State, and local governments, the pesticide industry,
and other institutions between 1971 and 1991 (USEPA, 1992). Most of the data are from
drinking water wells. Since PGWDB data come from multiple sources, they should be
interpreted with caution. Results might be biased high, because areas with suspected
contamination are likely to have been sampled more frequently than pristine areas. For more
information on PGWDB, see Chapter 2.
According to the data compiled in the PGWDB, 1,3-dichloropropene was detected in 6
(0.03 percent) of 21,270 wells sampled. The detections were found in 3 out of 7 States where
1,3-dichloropropene was investigated. All three States with detections had concentrations higher
than the HRL of 0.4 µg/L. Concentrations at three California wells ranged from 0.890 µg/L to
31.0 µg/L; concentrations at two Florida wells ranged from 0.279 µg/L to 7.83 µg/L; and
concentrations at one New York well ranged from 18 to 140 µg/L (USEPA, 1992).
National Pesticide Survey (NPS)
EPA collected samples from approximately 1,300 CWS wells and rural drinking water
wells between 1988 and 1990 for the National Pesticide Survey (NPS). The survey was
designed to provide a statistically reliable estimate of pesticide occurrence in the nation’s
drinking water wells. For details about NPS, see Chapter 2.
Cis- and trans-1,3-dichloropropene were included in the survey as separate analytes, each
with a minimum reporting limit of 0.010 µg/L. Neither compound was detected in the survey
(USEPA, 1990).
Monitoring by Registrant
As a condition of re-registriation in 1998, Dow AgroSciences agreed to conduct tap water
monitoring for 1,3-dichloropropene and its alcohol and acid degradates. High-use areas were to
be targeted. It was decided that risk reduction measures would be implemented if levels
exceeded 0.2 µg/L (USEPA, 1998).
Monitoring was conducted between April 2000 and April 2001 in five regions: the
Central Columbia Plateau, Upper Snake River Basin, North Platter River, Albermarle-Pamlico
Sound, and the Georgia/Florida basins. Approximately 5,800 samples were taken from 518
wells considered vulnerable to 1,3-dichloropropene contamination. Samples were tested for 1,3dichloropropene, and two metabolites, 3-chloroallyl alcohol (CAAL) and 3-chloroacrylic acid
(CAAC). Limits of detection (LODs) for the parent, CAAL, and CAAC were 0.015 µg/L, 0.023
µg/L, and 0.023 µg/L, respectively, and limits of quantitation (LOQs) were 0.05 µg/L, 0.092
µg/L, and 0.046 µg/L, respectively. Each well was sampled approximately four times (USEPA,
2004).
Of approximately 5,800 samples, 68 had at least one of the compounds in detectable
quantities. These detections came from 65 of the 518 wells. Three wells had more than one
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detection, but no well had more than two. There were 4 detections of 1,3-dichloropropene, with
a maximum concentration of 0.145 µg/L; 14 detections of CAAL, with a maximum
concentration of 0.11 µg/L; and 50 detections of CAAC, with a maximum detection of 0.12
µg/L. All detected concentrations were less than 0.2 µg/L, so no further action was required of
the registrant (USEPA, 2004).

6.4 Technology Assessment
6.4.1

Analytical Methods

Analytical methods for 1,3-dichloropropene are readily available. EPA Methods 502.2
and 524.2 rely on purge and trap gas chromatography (GC), with detection accomplished using
an electrolytic conductivity detector (ELCD) or a mass spectrometer, respectively. Description
of these methods can be found in EPA’s Methods for the Determination of Organic Compounds
in Drinking Water, Supplement III, available from the Drinking Water Public Docket or the
National Technical Information Service (NTIS), NTIS PB91-231480 (USEPA, 1995a).
Historically, Methods 502.1 and 524.1 were also used to collect occurrence data for 1,3dichloropropene. These methods were based on similar technology to Methods 502.2 and 524.2,
but their approval for use in compliance monitoring of VOCs was withdrawn as of July 1, 1996.
The method detection limit (MDL) and the average recovery for each analytical method
that can be used for the analysis of 1,3-dichloropropene in water are included in the method
descriptions below 1 .
Current versions of Methods 502.2 and 524.2 use either sodium thiosulfate or ascorbic
acid for reducing free chlorine at the time of sample collection. However, there is evidence that
1,3-dichloropropene is unstable in the presence of sodium thiosulfate (Vuong et al., 1998).
While the current version of Method 524.2 does specify that only the ascorbic acid option should
be used if samples are being collected for 1,3-dichloropropene analysis, previous versions of
524.2 did not include that requirement. Both the current and previous versions of Method 502.2
also do not include that requirement. Therefore, any sample that used sodium thiosulfate (or
sodium sulfate) as a dechlorinating agent may yield an analytical result which underestimates the
concentration of 1,3-dichloropene present in the sample.

1

The MDL is a statistical estimate of the minimum concentration of a substance that can be measured and reported
with 99 percent confidence that the analyte concentration is greater than zero, i.e., greater than the background
signal. The calculation of the MDL is based upon a series of replicate measurements of the analyte at low
concentrations. The MDL is not a concentration that can typically be measured by the method on a routine basis.
Detection limits may vary between analysts and laboratories under various laboratory conditions.
The average recovery is the fraction or percent concentration of a target analyte determined relative to the true or
expected concentration from a sample containing a known amount of the target analyte. (This can result in apparent
recovery values greater than 100 percent.)
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EPA Method 502.2
EPA Method 502.2 (Revision 2.1), entitled “Volatile Organic Compounds in Water by
Purge and Trap Capillary Column Gas Chromatography with Photoionization and Electrolytic
Conductivity Detectors in Series,” determines the presence of VOCs in water samples using GC
in conjunction with either an ELCD or a photoionization detector (PID). Either detector may be
used to detect and quantify cis- and trans-1,3-dichloropropene with similar sensitivity.
The MDL for cis- and trans-1,3-dichloropropene Method 502.2 is reported to range from
0.06 to 0.10 µg/L depending on the method option used. The average recovery for cis- and
trans-1,3-dichloropropene using Method 502.2 is reported to range from 97 to 99 percent,
depending on the method option (USEPA, 1995b).
EPA Method 524.2
EPA Method 524.2 (Revision 4.1), entitled “Volatile Organic Compounds in Water by
Purge and Trap Capillary Column Gas Chromatography/Mass Spectrometry,” is used to detect
volatile aromatic compounds in finished drinking water, raw source water, or drinking water in
any treatment stage. VOCs such as DCP are extracted by bubbling an inert gas through the
aqueous sample. Purged sample components are trapped in a tube containing suitable sorbent
materials. When purging is complete, the sorbent tube is heated and backflushed with helium to
thermally desorb trapped sample components onto a capillary GC column. The column is
temperature-programmed to separate the method analytes, which are then detected with a mass
spectrometer. Analytes are identified and quantitated by comparison to standard materials
(USEPA, 1995c).
MDLs for cis- and trans-1,3-dichloropropene are reported as 0.02 and 0.048 µg/L,
respectively. The average recovery values are reported as 100 and 110 percent, respectively
(USEPA, 1995c).
6.4.2

Treatment Technologies

Treatment technology status does not influence the determination of whether or not a
contaminant should be regulated. However, treatment technologies must be readily available
before a contaminant can be regulated with a national primary drinking water regulation
(NPDWR). There is no evidence that 1,3-dichloropropene is substantially removed by
conventional treatments, such as coagulation/flocculation, sedimentation, and inert media
filtration. Potential treatment technologies include air stripping and activated carbon.
Air stripping involves the continuous contact of air with the water being treated, allowing
dissolved volatile contaminants to transfer from the source water to the air. Systems often
consist of a large column (or tower) filled with molded plastic or ceramic packing material. As
the water flows along the column, air is forced counter-current through the water. The packing
material increases the area of air-liquid interface, enhancing mass transfer. After contact, the air
is vented to an additional treatment device that safely contains or destroys the contaminant.
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The Henry’s Law constant is commonly used to indicate the tendency of a contaminant to
partition from water to air. A larger Henry’s constant indicates a greater equilibrium
concentration of the contaminant in the air. Thus, contaminants with larger Henry’s constants
are more efficiently removed by air stripping. A compound is generally considered amenable to
air stripping if it has a Henry’s constant above that of dibromochloropropane (0.003 mol/mol) or
ethylene dibromide (0.013 mol/mol) (Speth et al., 2001). Speth et al. (2001) compiled Henry’s
Law constants, both calculated by the authors and reported in the literature, for Contaminant
Candidate List (CCL) compounds. According to Speth et al. (2001), the Henry’s Law constant
for 1,3-dichloropropene is 0.088 mol/mol or 0.14 mol/mol, both of which indicate that air
stripping is a viable treatment option.
Granular activated carbon (GAC) treatment removes contaminants via the physical and
chemical process of sorption: the contaminants attach to the carbon surface as water passes
through the carbon bed. Activated carbon has a large sorption capacity for many water
impurities, including synthetic organic chemicals, taste- and odor-causing compounds, and some
species of mercury.
Adsorption capacity is typically represented by the Freundlich isotherm constant, with
higher Freundlich (K) values indicating greater sorption potential. Activated carbon is
considered to be cost-effective for removing a particular contaminant if the Freundlich (K) value
of the contaminant is above 200 µg/g (L/µg)1/n (Speth et al., 2001). Gardner et al. (1990 as cited
in Speth et al., 2001) report that the Freundlich (K) value for 1,3-dichloropropene is 200 µg/g
(L/µg)1/n, which indicates that GAC might be a viable treatment option.

6.5 Regulatory Determination
The Agency has made a determination not to regulate 1,3-DCP with a NPDWR. Because
1,3-DCP appears to occur infrequently at health levels of concern in PWSs, the Agency believes
that an NPDWR does not present a meaningful opportunity for health risk reduction. While 1,3DCP was detected in the UCM Round 1 (late 1980’s) and the UCM Round 2 (mid 1990’s)
surveys, it was not detected in a subsequent evaluation of 796 small systems from the UCMR 1
survey. In addition, the USGS did not detect 1,3-DCP in two occurrence studies performed
between 1999 and 2001 using monitoring levels that were lower than the HRL. EPA believes
the 1999 pesticide labeling requirements, which are intended to mitigate risks to drinking water,
may be one reason for the lack of occurrence of 1,3-DCP at levels of concern in subsequent
monitoring surveys.
The Agency plans to update the Health Advisory document for 1,3-DCP with more
recent health information. The updated Health Advisory will provide information to any States
with public water systems that may have 1,3-DCP above the HRL. If a State finds highly
localized occurrence of 1,3-DCP at concentrations above the HRL, it should consider whether
State-level guidance (or some other type of action) may be appropriate.
The Agency’s regulatory determination for this contaminant is presented formally in the
Federal Register.
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Executive Summary
2,4- Dinitrotoluene (2,4-DNT) and 2,6-Dinitrotoluene (2,6-DNT), semi-volatile organic
compounds (SVOCs), are two of the most common of the six isomers of dinitrotoluene.
Dinitrotoluenes are used in the production of polyurethane foams, automobile air bags, dyes,
ammunition, and explosives, including trinitrotoluene (TNT). Neither 2,4- nor 2,6-DNT occurs
naturally. They are generally produced as individual isomers or as a mixture called technical
grade DNT (tg-DNT). Technical grade DNT contains approximately 76 percent 2,4-DNT and 19
percent 2,6-DNT, with the remainder consisting of the other isomers and minor contaminants.
In chronic exposures, oral dietary administration of 2,4-DNT to dogs primarily affected
the nervous system, erythrocytes, and biliary tract. A study in dogs found a lowest-observedadverse-effect level (LOAEL) of 1.5 mg/kg/day and a no-observed-adverse-effect level
(NOAEL) of 0.2 mg/kg/day. Observed effects included neurotoxicity, hematologic changes, and
effects on bile ducts. EPA established a reference dose (RfD) of 0.002 mg/kg/day for 2,4-DNT
based on this study. An uncertainty factor of 100, to account for interspecies and intraspecies
variability, was applied to derive the RfD.
The Environmental Protection Agency (EPA) established an RfD of 0.001 mg/kg/day for
2,6-DNT. This RfD was based on neurotoxicity, Heinz body formation, biliary tract hyperplasia,
liver and kidney histopathology, and death in beagle dogs that were fed gelatin capsules
containing 2,6-DNT daily for up to 13 weeks. The NOAEL for this study was 4 mg/kg/day, and
an uncertainty factor of 3,000 (100 for inter- and intra-species variability, 10 for the use of a
subchronic study, 3 to account for the limited database) was applied to derive the RfD.
DNT is considered likely to be carcinogenic to humans (it is classified as a B2
carcinogen). This determination is based on significant increases in hepatocellular carcinoma
and mammary gland tumors in female rats fed a DNT mixture (98 percent 2,4-DNT with 2
percent 2,6-DNT) in the diet in a two-year study. Concentrations of 5 µg/L, 0.5 µg/L, and 0.05
µg/L are associated with carcinogenic risks of 10-4, 10-5, and 10-6 respectively.
2,4-DNT has been shown to cause reproductive effects in rats, mice, and dogs. There are
currently no studies on the reproductive or developmental toxicity of 2,6-DNT. A study of tgDNT administered to rats in corn oil by gavage found significant increases in relative liver and
spleen weight in the fetuses of dams administered DNT at levels of 35 mg/kg/day or greater. No
teratogenic toxicity was seen in the study rats.
DNT toxicity might be different in children, compared to adults, since it undergoes
bioactivation in the liver and by the intestinal microflora. Newborns might be more sensitive to
DNT-related methemoglobinemia because an enzyme that protects against increased levels of
methemoglobin is inactive for a short duration immediately after birth. However, there are no
empirical data on differences in children’s responses to 2,4-/2,6-DNT.
No recent quantitative estimates of DNT production or use are available. According to
one older estimate, combined 2,4- and 2,6-DNT production amounted to 272,610,000 pounds in
1975. Estimates of industrial releases of 2,4-DNT and 2,6-DNT are available from 1988 to 2003
through the Toxic Release Inventory (TRI). Releases of both chemicals declined in the early
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1990s, and then peaked again around 1999-2001. On-site air emissions and surface water
releases were generally the most consistently reported types of releases, with surface water
releases generally declining over the period on record. In addition, TRI lists mixed DNT isomer
releases as a separate category over the same time period. Underground injections made up the
bulk of on-site releases during the 1990s, but diminished thereafter. Total releases peaked in
1993 and 1997, and generally diminished in recent years.
The United States Geological Survey (USGS) has collected data on the ambient
occurrence of these contaminants. A study of bed sediments from representative watersheds
across the country found 2,6-DNT in between 1.6% and 6.9% of samples collected in various
land-use settings. In all land-use settings, most detected concentrations of 2,6-DNT were below
the reporting limit (RL). Detections of 2,4-DNT in bed sediment were much less frequent. In
addition, a USGS review of highway and urban runoff studies shows no detects of either 2,4- or
2,6-DNT.
To determine the extent of 2,4- and 2,6-DNT contamination in drinking water, EPA
included these contaminants as analytes in the First Unregulated Contaminant Monitoring
Regulation (UCMR 1). Because the health reference level (HRL) for both 2,4- and 2,6-DNT
(0.05 µg/L) is lower than the minimum reporting level (MRL) of 2 µg/L used for monitoring,
EPA used the MRL to evaluate occurrence and exposure. The MRL is within the 10-4 to the 10-6
cancer risk range for 2,4- and 2,6-DNT. In evaluating the UCMR 1 data, EPA found that 1 of
the 3,873 public water systems (PWSs) sampled (or 0.03 percent) detected 2,4-DNT at or above
the MRL of 2 µg/L, affecting 0.02 percent of the population served (or 38,000 people from 226
million). None of the 3,873 PWSs sampled (serving 226 million) detected 2,6-DNT at or above
the MRL of 2 µg/L.
The Agency has made a determination not to regulate 2,4- or 2,6-DNT with a national
primary drinking water regulation (NPDWR). Because 2,4- and 2,6-DNT appear to occur
infrequently at levels of concern in PWSs, the Agency believes that an NPDWR does not present
a meaningful opportunity for health risk reduction.
The Agency’s original Health Advisories for 2,4- and 2,6-DNT were developed for
military installations. Since 1992 and because the Agency recognizes that 2,4 and 2,6-DNT may
still be found at some military sites, the Agency has updated the Health Advisories to reflect
recent health effects publications. EPA published a draft of the updated Health Advisory
document for both 2,4 and 2,6-DNT as part of the regulatory determinations for these two
isomers. The updated document is available on the Web at:
http://www.epa.gov/safewater/ccl/reg_determine2.html. The final Health Advisory document
will be published in 2008 and will provide information to States with public water systems that
may have either 2,4- or 2,6-DNT at concentrations above health levels of concern. If a State
finds highly localized occurrence of 2,4- and/or 2,6-DNT at concentrations above the HRL, it
should consider whether State-level guidance (or some other type of action) may be appropriate.
The Agency’s regulatory determination for this contaminant is presented formally in the
Federal Register.
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2,4- and 2,6-Dinitrotoluene

7.1 Definition
2,4- and 2,6-Dinitrotoluene are semivolatile organic compounds (SVOCs) with very
similar physical characteristics. 2,4- and 2,6-Dinitrotoluene are just two of the six isomers of
dinitrotoluene (DNT), but together they comprise approximately 95 percent of technical grade
dinitrotoluene (ATSDR, 1998). The remaining 5 percent is composed primarily of the other four
isomers (2,3-dinitrotoluene, 2,5-dinitrotoluene, 3,4-dinitrotoluene, and 3,5-dinitrotoluene). 2,4Dinitrotoluene’s Chemical Abstracts Service (CAS) registry number is 121-14-2, and 2,6Dinitrotoluene’s number is 606-20-2. There are multiple synonyms for 2,4-dinitrotoluene: 2,4DNT, 1-methyl-2,4-dinitrobenzene, 2,4-dinitrotoluol, NCI-C01865, dinitrotoluene, and Resource
Conservation and Recovery Act (RCRA) waste number U105. 2,6-Dinitrotoluene is also known
as: 2,6-DNT, 1-methyl-2,6-dinitrobenzene, RCRA waste number U106, and 2-methyl-1,3dinitro-benzene (NIST, 2001).
7.1.1

Properties and Sources

In pure form, both 2,4- and 2,6-dinitrotoluene are pale yellow solids with a slight odor.
2,4- and 2,6-Dinitrotoluene are not natural substances, but are made from reacting toluene
(C7H8) with a mixture of nitric and sulfuric acids. 2,4- and 2,6-Dinitrotoluene are commonly
used in the bedding and furniture industries to produce polyurethane foams; however, they are
also used in the production of ammunition, explosives, dyes, and can be found in automobile air
bags (ATSDR, 1998). The two contaminants are released to the environment predominantly
through industrial wastewater discharges and improper waste disposal. Exhibit 7-1 summarizes
the physical and chemical properties of 2,4- and 2,6-dinitrotoluene.
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Exhibit 7-1: Physical and Chemical Properties of 2,4- and 2,6-Dinitrotoluene
Identification

2,4-Dinitrotoluene

2,6-Dinitrotoluene

CAS number

121-14-2

606-20-2

Molecular Formula

C7H6N2O4

C7H6N2O4

Boiling Point

300 °C 1

285 °C 9

Melting Point

71 ° C 1

66 °C 1

Molecular Weight

182.14 g/mol 1

182.14 g/mol 1

Log Koc

2.45 2

2.31 2

Log Kow

1.98 3

2.10 10

Water Solubility

270 mg/L at 22 °C 4

180 mg/L at 20° C 11

Vapor Pressure

1.4 x 10-4 mm Hg at 22 ° C 5

5.67 x 10-4 mm Hg at 25 ° C 5

Henry’s Law Constant

8.67 x 10-7 atm-m3/mol 6
4.6 x 10-5 (dimensionless), predicted 7

2.17 x 10-7 atm-m3/mol 12
0.22 (dimensionless), predicted 7
7.4 (dimensionless), from literature 7

Freundlich Isotherm
Constant (K)

17,200 (µg/g)(L/µg)1/n 8

15,900 (µg/g)(L/µg)1/n 8

Physical and
Chemical Properties

1

Lide, 1999 (as cited in Hazardous Substance Data Bank (HSDB), 2004)

2

Lyman, 1982 (as cited in Howard, 1990)

3

Hansch et al., 1995 (as cited in HSDB, 2004)

4

Spanggord et al., 1980 (as cited in HSDB, 2004)

5

Pella, 1977 (as cited in HSDB, 2004)

6

Smith et al., 1983 (as cited in Howard, 1990)

7

Speth et al., 2001

8

Dobbs and Cohen, 1980 (as cited in Speth et al., 2001)

9

USEPA, 1980 (as cited in HSDB, 2004)

10

Nakagawa et al., 1992 (as cited in HSDB, 2004)

11

Mabey et al., 1982 (as cited in ATSDR, 1998)

12

SGC, 1987 (as cited in Howard, 1990)

7.1.2

Environmental Fate and Behavior

Both 2,4- and 2,6-dinitrotoluene are slightly mobile in soil (Howard, 1990). Degradation
in soil is fairly rapid, as both compounds are broken down by sunlight and bacteria into
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substances such as carbon dioxide, water, and nitric acid (ATSDR, 1998). At a munitionscontaminated site, microorganisms in the surface soil were reported to transform 2,4- and 2,6dinitrotoluene to amino-nitro intermediates within 70 days (Bradley et al., 1994 as cited in
ATSDR, 1998). This process could take longer or shorter, however, as natural degradation of
both compounds in soil has been found to be temperature-sensitive (Grant et al., 1995 as cited in
ATSDR, 1998). Aromatic nitro compounds such as 2,4- and 2,6-dinitrotoluene are not
susceptible to hydrolysis (Lyman et al., 1982 as cited in Howard, 1990).
In water, both 2,4- and 2,6-dinitrotoluene have a slight tendency to adsorb to sediments
and suspended solids (Howard, 1990). Volatilization from water does not appear to be a
significant transport process for either contaminant (Howard, 1990). Available data on 2,4- and
2,6-dinitrotoluene degradation in water are variable and inconsistent (Howard, 1990). Jenkins et
al. (1995) note that rates of biodegradation of nitrotoluenes and similar compounds are sufficient
to require that special steps be taken to preserve aqueous samples for laboratory analysis.
However, 2,4- and 2,6-dinitrotoluene have relatively long half-lives in aquatic systems,
facilitating aquatic transport (ATSDR, 1998). Degradation of dinitrotoluene in water can occur
via several mechanisms, including photolysis, microbial biodegradation, ozonation and
chlorination, and oxidation by strong oxidants such as hydrogen peroxide, ozone, or oxone
(ATSDR, 1998). Analyses of both contaminants’ log Kow suggest that the bioaccumulation
potentials of 2,4- and 2,6-dinitrotoluene in aquatic organisms are quite low (Hansch et al., 1995
as cited in HSDB, 2004).
According to a model of gas/particle partitioning for SVOCs (Bidleman, 1988 as cited in
HSDB, 2004), dinitrotoluenes are expected to exist solely as vapor in the ambient atmosphere.
Vapor-phase 2,4- and 2,6-dinitrotoluene are degraded in the atmosphere by reaction with
photochemically-produced hydroxyl radicals. The half-life for this reaction is estimated to be 75
days (HSDB, 2004).

7.2 Health Effects
In experimental animal studies, 2,4- and 2,6-DNT appear to be acutely toxic at moderate
to high levels (LD50s 1 ranging from 180 to 1,954 mg/kg) when administered orally. In subacute
studies (4 weeks) conducted by Lee et al. (1978 as cited in ATSDR, 1998), dogs, rats, and mice
were fed 2,4-DNT and studied for toxic effects. A no-observed-adverse-effect level (NOAEL)
of 5 mg/kg/day was established; decreased body weight gain and food consumption, neurotoxic
signs, and lesions in the brain, kidneys, and testes occurred at 25 mg/kg/day (the highest dose
tested).
Subchronic studies in mice, rats, and dogs that administered 2,4- and 2,6-DNT in the diet
produced similar effects in all species. All species exposed to 2,4-DNT exhibited
methemoglobinemia, anemia, bile duct hyperplasia sometimes accompanied by hepatic
degeneration, and depressed spermatogenesis. Neurotoxicity and renal degeneration occurred in
dogs at a dose level of 20 mg/kg/day of 2,6-DNT (Lee et al., 1976 as cited in USEPA, 1992). At
a dose level of 25 mg/kg/day of 2,4-DNT, male and female dogs developed impaired muscle
1

LD50 = An estimate of a single dose that is expected to cause the death of 50 percent of the exposed animals. It is
derived from experimental data.
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movement and paralysis, methemoglobinemia, aspermatogenesis, hemosiderosis of the spleen
and liver, cloudy swelling of the kidneys, and lesions of the brain (Ellis et al., 1985 as cited in
USEPA, 1992). These doses were determined to be lowest-observed-adverse-effect levels
(LOAELs) for these studies.
2,4-DNT has been shown to cause reproductive effects in rats, mice, and dogs (Ellis et
al., 1979 as cited in USEPA, 1992; Lee et al., 1985 as cited in ATSDR, 1998; Hong et al., 1985
as cited in ATSDR, 1998; Ellis et al., 1985 as cited in USEPA, 1992). Ellis et al. (1979 as cited
in USEPA, 1992) observed effects in rats following dietary exposure after a dose of 35
mg/kg/day but not 5 mg/kg/day over three generations. Male mice fed 2,4-DNT for 13 weeks
exhibited testicular degeneration and atrophy and decreased spermatogenesis at 95 mg/kg/day
(Hong et al., 1985 as cited in ATSDR). In another reproductive study, dogs exhibited mild to
severe testicular degeneration and reduced spermatogenesis (Ellis et al., 1985, as cited in
USEPA, 1992) when administered 2,4-DNT in capsules at 25 mg/kg/day. There are currently no
studies of the reproductive or developmental toxicity of 2,6-DNT, although a subchronic study in
dogs identified atrophy of spermatogenic cells in males suggesting a one- or two-generation
study as a data need for 2,6-DNT.
Some studies evaluated the effects of DNT in the form of a technical grade mixture (tgDNT). In a study by Price et al. (1985 as cited in USEPA, 1992), the teratogenic potential of tgDNT (containing approximately 76 percent 2,4-DNT and 19 percent 2,6-DNT) was investigated
in rats. The study was conducted in two phases to evaluate the possible teratogenicity of DNT as
well as DNT effects on postnatal development. For the first phase, rats were administered 0, 14,
35, 37.5, 75, 100, or 150 mg/kg/day of DNT in corn oil by gavage. In the postnatal phase, rats
were administered 14, 35, 37.5, 75, or 100 mg/kg/day of DNT in corn oil by gavage. The
NOAEL and LOAEL for developmental toxicity were 14 and 35 mg/kg/day, respectively, based
on significant increases in relative liver and spleen weight in the fetuses of dams administered
DNT at levels of 35 mg/kg/day or greater. No teratogenic toxicity was seen in the study rats.
In chronic exposures, oral dietary administration of 2,4-DNT to dogs primarily affected
the nervous system, erythrocytes, and biliary tract (Ellis et al., 1979; 1985 both as cited in
USEPA, 1992). Based on neurotoxicity, hematologic changes, and effects on the bile ducts in
dogs, the LOAEL was determined to be 1.5 mg/kg/day and the NOAEL was 0.2 mg/kg/day.
EPA established a reference dose (RfD) of 0.002 mg/kg/day for 2,4-DNT (USEPA, 1992) based
on this study. An uncertainty factor of 100, to account for interspecies and intraspecies
variability, was applied to derive the RfD.
EPA established an RfD of 0.001 mg/kg/day for 2,6-DNT (USEPA, 1992). This RfD
was also based on neurotoxicity, Heinz body formation, biliary tract hyperplasia, liver and
kidney histopathology, and death in beagle dogs that were fed gelatin capsules containing 2,6DNT daily for up to 13 weeks (Lee et al., 1976 as cited in USEPA, 1992). The NOAEL for this
study was 4 mg/kg/day, and an uncertainty factor of 3,000 (100 for inter- and intra-species
variability, 10 for the use of a subchronic study, 3 to account for the limited database) was
applied to derive the RfD.
DNT is likely to be carcinogenic to humans (classified as a B2 carcinogen; USEPA,
1990). This is based on significant increases in hepatocellular carcinoma and mammary gland
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tumors in female rats fed DNT (98 percent 2,4-DNT with 2 percent 2,6-DNT) in the diet in a
two-year study (Ellis et al., 1979 as cited in USEPA, 1992). The tumor incidence in the female
rats was used to establish a slope factor of 6.67 × 10-1 according to the 1999 EPA guidelines.
Concentrations of 5 µg/L, 0.5 µg/L, and 0.05 µg/L are associated with carcinogenic risks of 10-4,
10-5, and 10-6 respectively. There were no studies found in the literature that evaluated the
effects of 2,4- or 2,6-DNT on children. There is evidence that the pups and fetuses from dams
administered tg-DNT had significant increases in relative liver and spleen weights (Price et al.,
1985 as cited in USEPA, 1992). DNT toxicity may be different in children, compared to adults,
since it undergoes bioactivation in the liver and by the intestinal microflora (ATSDR, 1998).
Newborns may be more sensitive to DNT-related methemoglobinemia because an enzyme that
protects against increased levels of methemoglobin is inactive for a short duration immediately
after birth (Gruener, 1976 as cited in ATSDR, 1998; ATSDR, 1998). However, there are no
experimental data on differences in children’s responses to 2,4-/2,6-DNT.

7.3 Occurrence and Exposure
7.3.1

Use and Environmental Release

DNTs are not known to occur naturally in the environment. Generally, 2,4- and 2,6-DNT
are produced as a mixture called technical grade DNT, or simply DNT, which contains
approximately 76 percent 2,4-DNT and 19 percent 2,6-DNT. The remainder of technical grade
DNT consists of other isomers and minor contaminants such as trinitrotoluene (TNT) and
mononitrotoluenes (HSDB, 2004). DNT is commercially produced by reacting toluene with a
mixture of nitric and sulfuric acids (Etnier, 1987 as cited in ATSDR, 1998). DNT is used in the
production of toluene diisocyanate and urethane polymers, as well as automobile airbags, dyes,
and explosives, including TNT (ATSDR, 1998).
No recent quantitative estimates of DNT production or use are available. The Hazardous
Substances Data Bank (HSDB, 2004) cites a 1980 EPA Ambient Water Quality Criteria
Document that places combined 2,4- and 2,6-DNT production at 272,610,000 pounds in 1975.
2,4-DNT, 2,6-DNT, and mixed DNT are all listed as Toxics Release Inventory (TRI)
chemicals. For a discussion of the nature and limitations of TRI data, see Chapter 2.
TRI data for 2,4-DNT (see Exhibit 7-2) are reported for the years 1988-2003. TRI
releases for 2,4-DNT were reported from facilities in 21 States (AK, CA, FL, IA, IL, IN, KY,
LA, MI, MO, MS, NE, NJ, NV, OH, SC, TN, TX, VA, UT, WV). Releases of all kinds declined
in the early 1990s, and then peaked again around 1999-2001. On-site air emissions and surface
water releases were generally the most consistent types of releases (USEPA, 2006).
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Exhibit 7-2: Environmental Releases (in pounds) of 2,4-Dinitrotoluene in the
United States, 1988-2003
Year
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003

Total Air
Emissions
93,257
12,713
57,593
5,417
1,764
1,879
1,899
1,874
1,891
1,801
1,995
2,287
1,931
2,190
205
2,544

On-Site Releases
Surface Water Underground
Discharges
Injection
12,055
106,400
12,657
0
3,735
74,000
2,682
0
105
0
319
0
399
0
231
0
349
0
90
0
187
0
169
0
177
250
10
5
6
0
5
0

Releases
to Land
14,961
341
2,153
1,424
0
0
0
0
0
0
10,000
43,420
27,609
665,529
0
0

Off-Site
Releases
124,281
194,167
99
57
0
10
255
94
0
0
1,408
49,296
19,601
28,137
2,381
12,350

Total On- &
Off-site
Releases
350,954
219,878
137,580
9,580
1,869
2,208
2,553
2,199
2,240
1,891
13,590
95,172
49,568
695,871
2,592
14,899

Source: USEPA, 2006

TRI data for 2,6-DNT (see Exhibit 7-3) are also reported for the years 1988-2003. TRI
releases for 2,6-DNT were reported from facilities in 10 States (AR, CA, IN, KY, LA, MI, NV,
OH, TX, WV) with no more than nine States having reporting facilities in any one year. These
data show a similar trend of declining releases in the late 1980s and early 1990s, and a
subsequent peak around 2001. Again, on-site air emissions and surface water discharges are the
most consistent types of release (USEPA, 2006).
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Exhibit 7-3: Environmental Releases (in pounds) of 2,6-Dinitrotoluene in the
United States, 1988-2003
Year
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003

On-Site Releases
Surface Water Underground
Air Emissions
Discharges
Injection
87,597
957
27,000
83,914
1,083
18,000
17,737
416
19,000
1,948
702
0
425
126
0
471
212
0
516
374
0
469
126
0
472
94
0
438
24
0
472
62
0
660
43
0
513
32
250
740
0
0
117
1
0
372
0
0

Releases
to Land
0
0
0
0
0
0
0
0
0
0
0
15,287
0
1,298,442
0
0

Off-Site
Releases
30,882
58,256
0
0
0
0
0
0
0
0
0
16,910
2,030
5,360
855
10,565

Total On- &
Off-site
Releases
146,436
161,253
37,153
2,650
551
683
890
595
566
462
534
32,900
2,825
1,304,542
973
10,937

Source: USEPA, 2006

TRI data for mixed dinitrotoluene isomers (see Exhibit 7-4) are reported for the years
1990-2003. TRI releases for mixed isomers were reported from facilities in 9 States (CA, IA,
LA, NV, NJ, OH, OK, TX, UT) with no more than seven States having reporting facilities in any
one year. Two States, Louisiana and Texas, reported releases every year. Underground
injections made up the bulk of on-site releases during the 1990s, but diminished thereafter. Air
emissions remained relatively constant. Surface water discharges and releases to land were
generally insignificant but peaked in 2003. Off-site releases varied widely. Total releases
peaked in 1993 and 1997, and generally diminished in recent years (USEPA, 2006).
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Exhibit 7-4: Environmental releases (in pounds) of Dinitrotoluene (Mixed
Isomers) in the United States, 1990-2003
Year
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003

On-Site Releases
Air
Surface Water Underground
Emissions
Discharges
Injection
4,159
7,112
0
14,979
135
60,000
16,744
291
50,000
15,969
631
98,000
15,930
10
28,000
14811
284
17,000
14,815
586
33,000
11,551
63
56,000
13,439
1
36,005
9,657
1
1,100
10,423
4
3,300
9,839
8
3,000
8,043
61
1,100
6,767
1,318
190

Releases
to Land
363
0
0
173
0
0
0
0
0
0
696
15
0
4,110

Off-Site
Releases
15,832
55
61
314
6,515
6
121
46,491
1,403
322
22,098
696
1,535
1,405

Total On- &
Off-site
Releases
27,466
75,169
67,096
115,087
50,455
32,101
48,522
114,105
50,848
11,080
36,521
13,558
10,739
13,790

Source: USEPA, 2006.

2,4-DNT and 2,6-DNT have been detected in soil, sediment, water, or air at 69 and 53,
respectively, of the 1,467 current or former National Priorities List (NPL) hazardous waste sites
(HazDat, 1998 as cited in ATSDR, 1998).
7.3.2

Ambient Water Occurrence

Ambient lakes, rivers, and aquifers are sources of drinking water. Data on the occurrence
of 2,4- and 2,6-dinitrotoluene in stream bed sediment are available from the National Water
Quality Assessment (NAWQA) program of the United States Geological Survey (USGS). For
details on this program, see the discussion in Chapter 2. Limited data on the occurrence of 2,4and 2,6-DNT in ambient water are also available from stormwater studies.
NAWQA National Pesticide Synthesis: SVOCs in Bed Sediment
Because SVOCs like 2,4- and 2,6-dinitrotoluene are hydrophobic and tend to sorb to
sediment and particles, an analysis of bed sediment is often the best way to determine whether an
SVOC is present in water. The NAWQA National Pesticide Synthesis includes an analysis of
SVOC monitoring in bed sediment from representative watersheds across the country between
1992 and 2001. Sampling was conducted at 1,029 sites. The reporting level for all SVOCs was
50 µg/L. Sampling techniques and analytical methods are described in detail by Nowell and
Capel (2003).
NAWQA data indicate that 2,4-dinitrotoluene was not detected in bed sediment in
agricultural, urban, or undeveloped settings (Exhibit 7-5). In mixed land use settings, 2,4dinitrotoluene was detected in 1.3% of samples, with a maximum concentration of 173 µg/kg dry
weight (Nowell and Capel, 2003).
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Exhibit 7-5: USGS National Synthesis Summary of NAWQA Monitoring of 2,4Dinitrotoluene in Bed Sediment, 1992-2001
Land Use
Type
Agricultural
Urban
Mixed
Undeveloped

No. of
Sites

Detection
Frequency

242
130
306
215

0.0%
0.0%
1.3%
0.0%

50th Percentile
(Median)
Concentration
<RL
<RL
<RL
<RL

95th Percentile
Concentration

Maximum
Concentration

<RL
<RL
<RL
<RL

<RL
<RL
173 µg/kg
<RL

Abbreviations:
RL = Reporting limit. Reporting limits for 2,4-dinitrotoluene varied, but did not exceed 50 µg/kg.
For bed sediment, all weights are dry weights.
Most sites were sampled only once. In the case of sites sampled multiple times, USGS used a single sample (the earliest sample
with complete data for all analytes) to represent each site in this analysis.
Percentile Concentrations were drawn from the range of detects and non-detects. The method for calculating Percentile
Concentrations varied depending on how much of the data was censored at particular levels by the laboratory.
Source: Nowell and Capel, 2003

2,6-Dinitrotoluene was detected in bed sediment at frequencies ranging from 1.6% in
urban settings to 4.4% in agricultural settings, 6.6% in mixed land use settings, and 6.9% in
undeveloped settings (Exhibit 7-6). The 95th percentile concentrations were less than the
reporting level in all settings. The highest concentration, 291 µg/kg dry weight, was found in an
undeveloped setting (Nowell and Capel, 2003).

Exhibit 7-6: USGS National Synthesis Summary of NAWQA Monitoring of 2,6Dinitrotoluene in Bed Sediment, 1992-2001
Land Use
Type

No. of
Sites

Detection
Frequency

Agricultural
Urban
Mixed
Undeveloped

137
63
136
130

4.4%
1.6%
6.6%
6.9%

50th Percentile
(Median)
Concentration
<RL
<RL
<RL
<RL

95th Percentile
Concentration

Maximum
Concentration

<RL
<RL
<RL
<RL

196 µg/kg
34 µg/kg
93 µg/kg
291 µg/kg

Abbreviations:
RL = Reporting limit. Reporting limits for 2,6-dinitrotoluene varied, but did not exceed 50 µg/kg.
For bed sediment, all weights are dry weights.
Most sites were sampled only once. In the case of sites sampled multiple times, USGS used a single sample (the earliest sample
with complete data for all analytes) to represent each site in this analysis.
Percentile Concentrations were drawn from the range of detects and non-detects. The method for calculating Percentile
Concentrations varied depending on how much of the data was censored at particular levels by the laboratory.
Source: Nowell and Capel, 2003
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USGS Stormwater Studies
For the National Highway Runoff Data and Methodology Synthesis, USGS conducted a
review of 44 highway and urban runoff studies implemented since 1970 (Lopes and Dionne,
1998). 2,4-and 2,6-DNT were included as analytes in three of these studies. For more
background on these studies, see Chapter 2.
All three studies were stormwater studies conducted in major metropolitan areas in
connection with National Pollutant Discharge Elimination System (NPDES) permitting. In
Maricopa County, Arizona, USGS collected 35 samples from five drainage basins and the City
of Phoenix collected an additional 26 samples from seven sites (Lopes et al., 1995). In Colorado
Springs, Colorado, 35 samples were collected from five sites (von Guerard and Weiss, 1995). In
the Dallas-Fort Worth area of Texas, 182 samples were collected from 26 stormwater drainage
basins (Baldys et al., 1998). For both 2,4- and 2,6-DNT, the reporting limit was 5 µg/L in all
three studies. Not all samples were monitored for every contaminant. None of the three studies
found any detections of 2,4- or 2,6-DNT.
7.3.3

Drinking Water Occurrence

Nationally representative data on 2,4- and 2,6-DNT occurrence in drinking water have
been collected by large and small public water systems in accordance with EPA’s First
Unregulated Contaminant Monitoring Regulation (UCMR 1). For details on UCMR 1, see
Chapter 2 and USEPA (2008).
UCMR 1
UCMR 1 monitoring was conducted primarily between 2001 and 2003, though some
results were not collected and reported until as late as 2006. As List 1 contaminants, 2,4- and
2,6-DNT were scheduled to be monitored by all large community water systems (CWSs) and
non-transient non-community water systems (NTNCWSs) and a statistically representative
sample of qualifying small CWSs and NTNCWSs. The data presented in this report reflect
UCMR 1 analytical samples submitted and quality-checked under the regulation as of March
2006. 2,4- and 2,6-Dinitrotoluene data were collected and submitted by 797 (99.6 percent) of
the 800 small systems selected for the small system sample and 3,076 (99.2 percent) of the 3,100
large systems defined as eligible for the UCMR 1 large system census. Data for each
contaminant have been analyzed at the level of simple detections (at or above the minimum
reporting level (MRL), ≥ MRL, or ≥ 2 µg/L). Since the health reference level (HRL) of 0.05
µg/L is less than the MRL, the data are not analyzed at the level of the HRL or half the HRL.
EPA set the MRL for UCMR 1 contaminants based on the capability of analytical
methods, not anticipated health levels. For many UCMR 1 contaminants, including 2,4- and 2,6Dinitrotoluene, the MRL was determined by multiplying by 10 the least sensitive method’s
minimum detection limit, or, when available, multiplying by 5 the least sensitive method’s
estimated detection limit (USEPA, 2000). MRLs were set approximately an order of magnitude
higher than detection limits to ensure consistency, accuracy, and reproducibility of results. The
MRL for 2,4- and 2,6-dinitrotoluene is within the risk range of 10-6 to 10-4 used by EPA to
evaluate carcinogens (see Section 2.1.1).
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Results of the analysis are presented in the following four exhibits (Exhibit 7-7, 7-8, 7-9,
and 7-10). Among small systems, there were no detections of 2,4- or 2,6-dinitrotoluene. Among
large systems, one had a detection of 2,4-dinitrotoluene; this surface water system represented
0.03% of large systems and 0.02% of the population served by them (approximately 38,000
people). The concentration of the single detection was 333 µg/L. No 2,6-dinitrotoluene
detections were reported from large systems.
Exhibit 7-7: Summary UCMR 1 Occurrence Statistics for 2,4-Dinitrotoluene in
Small Systems (Based on Statistically Representative National Sample of Small
Systems)
UCMR Data Small Systems

National System &
Population Numbers1

Total Number of Samples

3,251

--

Percent of Samples with Detections

0.00%

--

99th Percentile Concentration (all samples)

< MRL

--

0.05 µg/L

--

Minimum Reporting Level (MRL)

2 µg/L

--

Maximum Concentration of Detections

< MRL

--

99th Percentile Concentration of Detections

< MRL

--

Median Concentration of Detections

< MRL

--

797
590
207

60,414
56,072
4,342

2,760,570
1,939,815
820,755

45,414,590
36,224,336
9,190,254

Frequency Factors

Health Reference Level (HRL)

Total Number of PWSs
Number of GW PWSs
Number of SW PWSs
Total Population
Population of GW PWSs
Population of SW PWSs
Occurrence by System
PWSs (GW & SW) with Detections (> MRL)

Number

Percentage

0

0.00%

National Extrapolation2
0

0

0.00%

0

Occurrence by Population Served
Population Served by PWSs with Detections

th
1. PWS and population numbers are from EPA September 2004 Drinking Water Baseline Handbook, 4 edition.
2. National extrapolations are generated separately for each population-served size stratum and then added to yield the national estimate of GW
PWSs with detections (and population served) and SW PWSs with detections (and population served). For intermediate calculations at the level of
individual strata, see EPA’s UCMR 1 Occurrence Report, entitled “ The Analysis of Occurrence Data from the First Unregulated Contaminant Monitoring
Regulation (UCMR 1) in Support of Regulatory Determinations for the Second Drinking Water Contaminant Candidate List.”

Abbreviations:
PWS = Public Water Systems; GW = Ground Water; SW = Surface Water; N/A = Not Applicable; Total Number of Samples = the total number of
samples on record for the contaminant; 99th Percentile Concentration = the concentration in the 99th percentile sample (out of either all samples or just
samples with detections); Median Concentration of Detections = the concentration in the median sample (out of samples with detections); Total Number
of PWSs = the total number of PWSs for which sampling results are available; Total Population Served = the total population served by PWSs for which
sampling results are available; PWSs with detections, PWSs > 2 HRL, or PWSs > HRL = PWSs with at least one sampling result greater than or equal
to the MRL, exceeding the 2 HRL benchmark, or exceeding the HRL benchmark, respectively; Population Served by PWSs with detections, by PWSs
> 2 HRL, or by PWSs > HRL = population served by PWSs with at least one sampling result greater than or equal to the MRL, exceeding the 2 HRL
benchmark, or exceeding the HRL benchmark, respectively.
Notes:
-Small systems are those that serve 10,000 persons or fewer.
-Only results at or above the MRL were reported as detections. Concentrations below the MRL are considered non-detects.
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Exhibit 7-8: Summary UCMR 1 Occurrence Statistics for 2,4-Dinitrotoluene in
Large Systems (Based on the Census of Large Systems)
UCMR Data Large Systems

Frequency Factors
Total Number of Samples

30,513

Percent of Samples with Detections

0.003%

th

< MRL

99 Percentile Concentration (all samples)
Health Reference Level (HRL)

0.05 µg/L
2 µg/L

Minimum Reporting Level (MRL)
Maximum Concentration of Detections

333 µg/L

99th Percentile Concentration of Detections

333 µg/L

Median Concentration of Detections

333 µg/L

Total Number of PWSs
Number of GW PWSs
Number of SW PWSs

3,076
1,380
1,696

Total Population
Population of GW PWSs
Population of SW PWSs
Occurrence by System

223,491,907
53,405,539
170,086,368

PWSs (GW & SW) with Detections (> MRL)
GW PWSs with Detections
SW PWSs with Detections

Number

Percentage

1
0
1

0.03%
0.00%
0.06%

37,811
0
37,811

0.02%
0.00%
0.02%

Occurrence by Population Served
Population Served by PWSs with Detections
Pop. Served by GW PWSs with Detections
Pop. Served by SW PWSs with Detections

Abbreviations:
PWS = Public Water Systems; GW = Ground Water; SW = Surface Water; N/A = Not Applicable; Total Number of Samples = the total number of
samples on record for the contaminant; 99th Percentile Concentration = the concentration in the 99th percentile sample (out of either all samples or just
samples with detections); Median Concentration of Detections = the concentration in the median sample (out of samples with detections); Total Number
of PWSs = the total number of PWSs for which sampling results are available; Total Population Served = the total population served by PWSs for which
sampling results are available; PWSs with detections, PWSs > 2 HRL, or PWSs > HRL = PWSs with at least one sampling result greater than or equal
to the MRL, exceeding the 2 HRL benchmark, or exceeding the HRL benchmark, respectively; Population Served by PWSs with detections, by PWSs
> 2 HRL, or by PWSs > HRL = population served by PWSs with at least one sampling result greater than or equal to the MRL, exceeding the 2 HRL
benchmark, or exceeding the HRL benchmark, respectively.
Notes:
-Large systems are those that serve more than 10,000 persons.
-Only results at or above the MRL were reported as detections. Concentrations below the MRL are considered non-detects.
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Exhibit 7-9: Summary UCMR 1 Occurrence Statistics for 2,6-Dinitrotoluene in
Small Systems (Based on Statistically Representative National Sample of Small
Systems)
UCMR Data Small Systems

National System &
Population Numbers1

Total Number of Samples

3,251

--

Percent of Samples with Detections

0.00%

--

99th Percentile Concentration (all samples)

< MRL

--

0.05 µg/L

--

Minimum Reporting Level (MRL)

2 µg/L

--

Maximum Concentration of Detections

< MRL

--

99th Percentile Concentration of Detections

< MRL

--

Median Concentration of Detections

< MRL

--

797
590
207

60,414
56,072
4,342

2,760,570
1,939,815
820,755
Number
Percentage

45,414,590
36,224,336
9,190,254

Frequency Factors

Health Reference Level (HRL)

Total Number of PWSs
Number of GW PWSs
Number of SW PWSs
Total Population
Population of GW PWSs
Population of SW PWSs
Occurrence by System
PWSs (GW & SW) with Detections (> MRL)

0

0.00%

National Extrapolation2
0

0

0.00%

0

Occurrence by Population Served
Population Served by PWSs with Detections

th
1. Total PWS and population numbers are from EPA September 2004 Drinking Water Baseline Handbook, 4 edition.
2. National extrapolations are generated separately for each population-served size stratum and then added to yield the national estimate of GW
PWSs with detections (and population served) and SW PWSs with detections (and population served). For intermediate calculations at the level of
individual strata, see EPA’s UCMR 1 Occurrence Report, entitled “ The Analysis of Occurrence Data from the First Unregulated Contaminant Monitoring
Regulation (UCMR 1) in Support of Regulatory Determinations for the Second Drinking Water Contaminant Candidate List.”

Abbreviations:
PWS = Public Water Systems; GW = Ground Water; SW = Surface Water; N/A = Not Applicable; Total Number of Samples = the total number of
samples on record for the contaminant; 99th Percentile Concentration = the concentration in the 99th percentile sample (out of either all samples or just
samples with detections); Median Concentration of Detections = the concentration in the median sample (out of samples with detections); Total Number
of PWSs = the total number of PWSs for which sampling results are available; Total Population Served = the total population served by PWSs for which
sampling results are available; PWSs with detections, PWSs > 2 HRL, or PWSs > HRL = PWSs with at least one sampling result greater than or equal
to the MRL, exceeding the 2 HRL benchmark, or exceeding the HRL benchmark, respectively; Population Served by PWSs with detections, by PWSs
> 2 HRL, or by PWSs > HRL = population served by PWSs with at least one sampling result greater than or equal to the MRL, exceeding the 2 HRL
benchmark, or exceeding the HRL benchmark, respectively.
Notes:
-Small systems are those that serve 10,000 persons or fewer.
-Only results at or above the MRL were reported as detections. Concentrations below the MRL are considered non-detects.
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Exhibit 7-10: Summary UCMR 1 Occurrence Statistics for 2,6-Dinitrotoluene in
Large Systems (Based on the Census of Large Systems)
UCMR Data Large Systems

Frequency Factors
Total Number of Samples

30,514

Percent of Samples with Detections

0.00%

99th Percentile Concentration (all samples)

< MRL

Health Reference Level (HRL)

0.05 µg/L

Minimum Reporting Level (MRL)

2 µg/L

Maximum Concentration of Detections

< MRL

th

99 Percentile Concentration of Detections

< MRL

Median Concentration of Detections

< MRL

Total Number of PWSs
Number of GW PWSs
Number of SW PWSs

3,076
1,380
1,696

Total Population
Population of GW PWSs
Population of SW PWSs
Occurrence by System

223,491,907
53,405,539
170,086,368

PWSs (GW & SW) with Detections (> MRL)

Number

Percentage

0

0.00%

0

0.00%

Occurrence by Population Served
Population Served by PWSs with Detections

Abbreviations:
PWS = Public Water Systems; GW = Ground Water; SW = Surface Water; N/A = Not Applicable; Total Number of Samples = the total number of
samples on record for the contaminant; 99th Percentile Concentration = the concentration in the 99th percentile sample (out of either all samples or just
samples with detections); Median Concentration of Detections = the concentration in the median sample (out of samples with detections); Total Number
of PWSs = the total number of PWSs for which sampling results are available; Total Population Served = the total population served by PWSs for which
sampling results are available; PWSs with detections, PWSs > 2 HRL, or PWSs > HRL = PWSs with at least one sampling result greater than or equal
to the MRL, exceeding the 2 HRL benchmark, or exceeding the HRL benchmark, respectively; Population Served by PWSs with detections, by PWSs
> 2 HRL, or by PWSs > HRL = population served by PWSs with at least one sampling result greater than or equal to the MRL, exceeding the 2 HRL
benchmark, or exceeding the HRL benchmark, respectively.
Notes:
-Large systems are those that serve more than 10,000 persons.
-Only results at or above the MRL were reported as detections. Concentrations below the MRL are considered non-detects.
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2,4-Dinitrotoluene was only detected in one sample at or above the MRL of 2 µg/L in all
of the UCMR 1 sampling. This single detection was in a surface water sample taken in the State
of Tennessee (see Exhibit 7-11). Since only one system detected the contaminant at or above the
MRL, no further spatial analysis of this contaminant is presented.

Exhibit 7-11: Geographic Distribution of 2,4-Dinitrotoluene in UCMR 1 Monitoring
B States With At Least One Detection At or Above the MRL (≥ 2 µg/L)

Summary Analysis of Combined Large and Small System UCMR 1 Data
The UCMR 1 data indicate that 1 of the 3,873 public water systems (PWSs) sampled (or
0.03 percent) detected 2,4-DNT at the MRL of 2 µg/L, affecting 0.02 percent of the population
served (or 38,000 people from 226 million). None of the 3,873 PWSs sampled (serving 226
million) detected 2,6-DNT at the MRL of 2 µg/L.

7.4 Technology Assessment
7.4.1

Analytical Methods

EPA evaluated the availability of analytical methods for all of the unregulated
contaminants considered for UCMR 1 (64 FR 50556). Sources for these methods include
publications by EPA and by voluntary consensus standard organizations such as the American
Society for Testing and Materials (ASTM), the Association of Analytical Communities (AOAC),
and the American Public Health Association (APHA).
2,4- and 2,6-Dinitrotoluene are UCMR 1 List 1 contaminants that can be detected in
drinking water by EPA Method 525.2. This method was approved for monitoring 2,4- and 2,6dinitrotoluene in 1999 (64 FR 50556). EPA Method 525.2 relies on capillary column gas
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chromatography (GC) to separate the method analytes, and uses mass spectrometry (MS) for
detection. A full description of this method can be found in EPA’s Methods for the
Determination of Organic Compounds in Drinking Water, Supplement III (USEPA, 1995a).
EPA Method 525.2
In EPA Method 525.2 (Revision 2.0), “Determination of Organic Compounds in
Drinking Water by Liquid-Solid Phase Extraction and Capillary Column Gas
Chromatography/Mass Spectrometry (GC/MS),” organic compound analytes are first extracted
from a water sample by passing the water through a liquid-solid extraction (LSE) disk or
cartridge containing a solid matrix with a chemically bonded C18 organic phase. The organic
compounds are eluted from the LSE cartridge or disk with small volumes of ethyl acetate and
methylene chloride. These solvent extracts are concentrated further by evaporation of some of
the solvent. An aliquot of the extract is injected into a gas chromatograph with a high resolution
fused silica capillary column to separate the components. The analytes are transferred from the
capillary column to the mass spectrometer and identified by comparing measured mass spectra
and retention times to reference spectra and retention times. The concentration of each
component is assessed by comparing the mass spectrometry response of the compound’s
quantitation ion to the response of the internal standard’s quantitation ion (USEPA, 1995b).
Mass spectrometry is advantageous as a detection method because it reports comparatively few
false positive results.
The MDL for Method 525.2 is reported to range from 0.072 to 0.24 µg/L for 2,4dinitrotoluene and from 0.054 to 0.2 µg/L for 2,6-dinitrotoluene, depending upon the extraction
media used (USEPA, 1995b). The average recovery is reported to range from 59 to 119 percent
for 2,4-dinitrotoluene and 56 to 121 percent for 2,6-dinitrotoluene, depending upon the method
option used (USEPA, 1995b). 2
Anecdotal reports from laboratories performing Method 525.2 for the analysis of
dinitrotoluenes for UCMR 1 have indicated that they are having difficulty obtaining satisfactory
recoveries for these compounds, and are therefore having difficulty meeting the quality control
(QC) requirements of the method. A preliminary investigation indicates that this may be related
to manufacturing changes to the LSE sorbent disks distributed by a major vendor. Satisfactory
recoveries of these analytes are still obtained using LSE sorbent disks manufactured by other
vendors or by using the method’s cartidge option. In the event that regulatory action needs to be
taken, a review of the suitability of Method 525.2 for compliance monitoring will be needed. It
2

The Method Detection Limit (MDL) is a statistical estimate of the minimum concentration of a substance that can
be measured and reported with 99 percent confidence that the analyte concentration is greater than zero, i.e., greater
than the background signal. The calculation of the MDL is based upon the precision of a series of replicate
measurements of the analyte at low concentrations. The MDL incorporates estimates of the accuracy of the
determination. The MDL is not a concentration that can typically be measured by the method on a routine basis.
Detection limits may vary between analysts and laboratories under various laboratory conditions.
The average recovery is the fraction or percent concentration of a target analyte determined relative to the true or
expected concentration from a sample containing a known amount of the target analyte. (This can result in apparent
recovery values greater than 100 percent.)
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is also possible that the dinitrotoluenes could be incorporated into other existing EPA drinking
water methods available for compliance monitoring.
7.4.2

Treatment Technologies

Treatment technology status does not influence the determination of whether or not a
contaminant should be regulated. However, treatment technologies must be readily available
before a contaminant can be regulated with a national primary drinking water regulation
(NPDWR). Potential treatment technologies for removing 2,4- and 2,6-dinitrotoluene include
activated carbon and air stripping.
Granular activated carbon (GAC) treatment removes contaminants via the physical and
chemical process of sorption: the contaminants attach to the carbon surface as water passes
through the carbon bed. Activated carbon has a large sorption capacity for many water
impurities, including synthetic organic chemicals, taste- and odor-causing compounds, and some
species of mercury.
Adsorption capacity is typically represented by the Freundlich isotherm constant, with
higher Freundlich (K) values indicating greater sorption potential. Activated carbon is
considered to be cost-effective for removing a particular contaminant if the Freundlich (K) value
of the contaminant is above 200 µg/g (L/µg)1/n (Speth et al., 2001). Dobbs and Cohen (1980 as
cited in Speth et al., 2001) report that the Freundlich (K) values for 2,4- and 2,6-dinitrotoluene
are 17,200 µg/g (L/µg)1/n and 15,900 µg/g (L/µg)1/n, respectively, which suggests that GAC is a
promising treatment option for both.
Air stripping involves the continuous contact of air with the water being treated, allowing
dissolved volatile contaminants to transfer from the source water to the air. Systems often
consist of a large column (or tower) filled with molded plastic or ceramic packing material. As
the water flows along the column, air is forced counter-current through the water. The packing
material increases the area of air-liquid interface, enhancing mass transfer. After contact, the air
is vented to an additional treatment device that safely contains or destroys the contaminant.
The Henry’s Law constant is commonly used to indicate the tendency of a contaminant to
partition from water to air. A larger Henry’s constant indicates a greater equilibrium
concentration of the contaminant in the air. Thus, contaminants with larger Henry’s constants
are more efficiently removed by air stripping. A compound is generally considered amenable to
air stripping if it has a Henry’s law constant above that of dibromochloropropane (0.003
mol/mol) or ethylene dibromide (0.013 mol/mol) (Speth et al., 2001). Speth et al. (2001)
compiled Henry’s Law constants, both calculated by the authors and reported in the literature,
for Contaminant Candidate List (CCL) compounds. These authors report Henry’s Law constants
of 0.22 mol/mol and 7.4 mol/mol for 2,6-dinitrotoluene, and 0.000046 mol/mol for 2,4dinitrotoluene. These values suggest that air stripping is a promising treatment option for 2,6dinitrotoluene, but that is not likely to be viable for 2,4-dinitrotoluene (Speth et al., 2001).
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7.5 Regulatory Determination
The Agency has made a determination not to regulate 2,4- or 2,6-DNT with a NPDWR.
Because 2,4- and 2,6-DNT appear to occur infrequently at levels of concern in PWSs, the
Agency believes that an NPDWR does not present a meaningful opportunity for health risk
reduction. 2,4-DNT was detected only once at a minimum reporting level (MRL) of 2 μg/L and
2,6-DNT was not detected at this same level in any of the PWSs monitored under the UCMR 1.
While the MRL is slightly greater than the HRL of 0.05 μg/L, this concentration is within the
acceptable 10-4 to the 10-6 cancer risk range targeted by the Agency.
The Agency’s original Health Advisories for 2,4- and 2,6-DNT were developed for
military installations. Since 1992 and because the Agency recognizes that 2,4 and 2,6-DNT may
still be found at some military sites, the Agency has updated the Health Advisories to reflect
recent health effects publications. EPA published a draft of the updated Health Advisory
document for both 2,4 and 2,6-DNT as part of the regulatory determinations for these two
isomers. The updated document is available on the Web at:
http://www.epa.gov/safewater/ccl/reg_determine2.html. The final Health Advisory document
will be published in 2008 and will provide information to States with public water systems that
may have either 2,4- or 2,6-DNT at concentrations above health levels of concern. If a State
finds highly localized occurrence of 2,4- and/or 2,6-DNT at concentrations above the HRL, it
should consider whether State-level guidance (or some other type of action) may be appropriate.
The Agency’s regulatory determination for these contaminants is presented formally in
the Federal Register.
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Executive Summary
s-Ethyl dipropylthiocarbamate (EPTC), a synthetic organic compound (SOC), is a
thiocarbamate herbicide used to control weed growth during the pre-emergence and early postemergence stages of weed germination. First registered for use in 1958, EPTC is used across the
U.S. in the agricultural production of a number of crops, most notably corn, potatoes, dried
beans, alfalfa, and snap beans. EPTC is also used residentially on shade trees, annual and
perennial ornamentals, and evergreens.
Environmental fate data indicate that EPTC would not be persistent under most
environmental conditions. Volatilization into the atmosphere and degradation by soil organisms
appear to be the primary dissipation routes. EPTC has a low affinity for binding to the soil so
the potential to leach to ground water does exist. If EPTC reaches ground water, volatilization is
less likely to occur.
In subchronic and chronic studies performed in both rats and dogs, EPTC exposure
produced dose-related increases in the incidence and severity of cardiomyopathy, a disorder of
the heart muscle, and degenerative effects (neuronal and/or necrotic degeneration) in the central
and peripheral nervous system. Based on a no-observed-adverse-effect level (NOAEL) of 2.5
mg/kg/day from a study that found cardiomyopathy at higher doses, the Environmental
Protection Agency (EPA) derived a reference dose (RfD) of 0.025 mg/kg/day for EPTC. This
value was calculated using an uncertainty factor of 100 for inter- and intraspecies differences.
The Agency derived the health reference level (HRL) for EPTC using the RfD of 0.025
mg/kg/day and a 20 percent relative source contribution. The HRL is calculated to be 0.175
mg/L or 175 µg/L.
The Agency used long-term studies in mice and rats and short-term studies of
mutagenicity to evaluate the potential for EPTC carcinogenicity. Based on these data and using
EPA’s 1999 Guidelines for Carcinogen Risk Assessment, EPA considers EPTC unlikely to be
carcinogenic to humans.
Available data do not suggest increased pre- or post-natal sensitivity of children and
infants to EPTC exposure.
Estimates of EPTC usage in the United States suggest a decline from approximately 17 to
21 million pounds in 1987 to approximately 7 to 9 million pounds in 1999. Toxic Release
Inventory (TRI) data from 1995 to 2003 indicate that most on-site industrial releases of EPTC
tend to be releases to air and underground injections. Surface water discharges are minimal in
comparison.
Data on the ambient occurrence of EPTC are available from the first monitoring cycle
(1992-2001) of the United States Geological Survey’s (USGS’s) National Ambient Water
Quality Assessment (NAWQA) program. While USGS detected EPTC in both surface and
ground waters, in no land use setting did the 95th percentile concentration of EPTC exceed 0.018
µg/L. The estimated maximum surface water concentration, 29.6 µg/L (from a mixed land use
setting), and the maximum ground water concentration, 0.45 µg/L (from an agricultural setting),
are both less than the EPTC HRL and ½ the HRL.
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To determine the extent of EPTC contamination in drinking water, EPA included EPTC
as an analyte in the First Unregulated Contaminant Monitoring Regulation (UCMR 1). None of
the 3,873 public water systems (PWSs) sampled (serving a total population of 226 million) had
detects of EPTC at or above the MRL of 1 µg/L. Hence, these data indicate that no occurrence
and exposure is expected in drinking water at levels greater than the HRL (175 µg/L), or even ½
the HRL (87.5 µg/L).
EPA also evaluated sources of supplemental information on EPTC occurrence in drinking
water. The National Pesticide Survey (NPS) collected samples from approximately 1,300
community water systems and rural drinking water wells between 1988 and 1990. EPTC was
not detected using a minimum reporting limit of 0.15 µg/L. The Pesticides in Ground Water
Database indicates that EPTC was found in 2 of 1,752 ground water wells that were sampled in
10 States. Both contaminated wells were in Minnesota. The detected concentrations ranged
from 0.01 to 0.33 µg/L. No detections exceeded the HRL or ½ the HRL.
The Agency has made a determination not to regulate EPTC with a national primary
drinking water regulation (NPDWR). Because EPTC does not appear to occur at health levels of
concern in PWSs, the Agency believes that an NPDWR does not present a meaningful
opportunity for health risk reduction.
The Agency’s regulatory determination for this contaminant is presented formally in the
Federal Register.
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EPTC

8.1 Definition
s-Ethyl dipropylthiocarbamate (EPTC) is a thiocarbamate (a carbamate in which the -COgroup has been replaced by a -CS- group) herbicide. It is included in the category of synthetic
organic compounds (SOCs). Synonyms include: S-ethyl dipropyl-thiocarbamate, R-1608, FDA
1541, and Eptam (Windholz, 1983). Additional trade names include Alirox, Eradicane,
Eradicane Extra, Genep, Genep Plus, and Shortstop. It has no predominant isomers. EPTC’s
Chemical Abstracts Service (CAS) registry number is 759-94-4.
8.1.1

Properties and Sources

EPTC is a colorless or yellow liquid with a characteristic odor. It is a synthetic product
and does not occur naturally. The predominant use of EPTC is as a selective herbicide. EPTC is
used for control of annual grassy weeds, perennial weeds, and some broadleaf weeds in the
cultivation of beans, forage legumes, potatoes, corn, and sweet potatoes. EPTC is produced in
several ways, but commonly by the reaction of dipropylamine with ethyl chlorothioformate
(HSDB, 2004). Some physical and chemical properties of EPTC are listed in Exhibit 8-1.
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Exhibit 8-1: Physical and Chemical Properties of EPTC
Identification
CAS number

759-94-4

Molecular Formula

C9H19NOS
Physical and Chemical Properties

Boiling Point

127 °C at 20 mm Hg 1

Melting Point

-----

Molecular Weight

189.31 g/mol 1

Log Koc

2.23 - 2.45 2

Log Kow

3.21 3

Water Solubility

367 mg/L at 25 °C 4

Vapor Pressure

2.4 x 10-2 mm Hg at 25 °C 5

Henry=s Law Constant

1.6 x 10-5 atm-m3/mol 2
9.8 x 10-4 (dimensionless), predicted 6
6.5 x 10-4 (dimensionless), from literature 6

Freundlich Isotherm Constant
(K)

79,500 (µg/g)(L/µg)1/n 6

1

Tomlin, 1997 (as cited in HSDB, 2004)

2

HSDB, 2004

3

Hansch et al., 1995 (as cited in HSDB, 2004)

4

Yalkowsky and Dannenfelser, 1992 (as cited in HSDB, 2004)

5

USDA, 2000 (as cited in HSDB, 2004)

6

Speth et al., 2001

8.1.2

Environmental Fate and Behavior

Microbial degradation and volatilization are the primary environmental pathways of
EPTC in soil. EPTC is readily lost from soil surfaces by volatilization if not incorporated into
the soil upon application. Terrestrial field dissipation studies report soil half-lives between 2 to
18.8 days. Judging by its water solubility of 367 mg/L and its low affinity for binding to soil,
EPTC also has a moderate potential to leach into ground water during this short window.
Abiotic hydrolysis, direct photolysis, and photodegradation are not major degradation routes.
EPTC is somewhat more persistent in anaerobic soils than in aerobic soils. (USEPA, 1999a).
EPTC is likely to persist longer in ground waters than in surface waters due to its
relatively high volatility (USEPA, 1999a). Microbial degradation is also expected to be a
significant pathway in aquatic environments, but there have been no studies to confirm this
(USEPA, 1999a).
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EPTC in the atmosphere is expected to remain primarily in the vapor phase.
Atmospheric EPTC may degrade by reaction with photochemically produced hydroxyl radicals
and may also be subject to wet deposition, potentially contaminating nonagricultural sites and
surface waters (USEPA, 1999a).
The primary environmental degradates of EPTC are EPTC sulfoxide (ESO) and
dipropylamine. ESO is formed during oxidation of EPTC, the first step of the compound’s
breakdown. Subsequent sulfur and carbon oxidation produces dipropylamine. Other
degradation pathways have also been proposed (USEPA, 1999a). Half-lives for ESO and
dipropylamine in soil have been estimated at 13-14 days and 7 days, respectively. While
environmental fate data for EPTC degradates are limited, available data suggest that ESO and
dipropylamine may be less mobile than the parent compound (USEPA, 1999a).

8.2 Health Effects
In acute animal toxicity studies, EPTC was shown to be moderately toxic via oral and
dermal routes and highly toxic via inhalation exposures. EPTC is a reversible cholinesterase
(ChE) inhibitor. Similar to other thiocarbamates, it does not produce a consistent ChE inhibition
profile. There was no consistent pattern observed in any of the toxicity studies with regard to
species, duration of treatment, or the type of ChE enzyme measured. Typically, studies showed
inhibition of plasma ChE with dose-related decreases in red blood cell and brain ChE activity.
Some studies have shown that brain ChE activity was inhibited without any effect on either
plasma or erythrocyte ChE activities. Other studies illustrated erythrocyte ChE inhibition with
no effect on either plasma or brain ChE (USEPA, 1999a). In a primary eye irritation study in
rabbits, technical grade EPTC was shown to be slightly irritating (USEPA, 1999a).
In subchronic and chronic studies performed in both rats and dogs, there was a doserelated increase in the incidence and severity of cardiomyopathy, a disorder of the heart muscle
(Mackenzie, 1986 as cited in USEPA, 1999a; USEPA, 1999a). An increase in the incidence and
severity of degenerative effects (neuronal and/or necrotic degeneration) in both the central and
peripheral nervous system was observed in rats and dogs following exposure to EPTC (USEPA,
1999a).
EPA derived a reference dose (RfD) of 0.025 mg/kg/day for EPTC (USEPA, 1990a;
USEPA, 1999a). This value was calculated using a no-observed-adverse-effect level (NOAEL)
of 2.5 mg/kg/day from a study by Mackenzie (1986 as cited in USEPA, 1999a). An uncertainty
factor of 100 was applied for inter- and intraspecies differences. The critical effect associated
with the RfD is cardiomyopathy (disease of the heart muscle). In the reregistration of EPTC, the
application of a ten-fold Food Quality Protection Act (FQPA) factor was recommended in order
to be protective against residential exposures of infants and children. The Agency derived the
health reference level (HRL) for EPTC using the RfD of 0.025 mg/kg/day and a 20 percent
relative source contribution. The HRL is calculated to be 0.175 mg/L or 175 µg/L.
The Agency used long-term studies in mice and rats and short-term studies of
mutagenicity to evaluate the potential for carcinogenicity (USEPA, 1990a). Based on these data
and using EPA’s 1999 Guidelines for Carcinogen Risk Assessment, EPTC is not likely to be
carcinogenic to humans (USEPA, 1999b).
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EPA also evaluated whether health information is available regarding the potential
effects on children and other sensitive populations. Data do not suggest increased pre- or
post-natal sensitivity of children and infants to EPTC exposure. In animal studies, adverse
developmental effects (i.e., decreased fetal body weight and decreased litter size) were only seen
at doses that were toxic to the mother (USEPA, 1999a). Results from both developmental and
reproductive studies indicate that there are only minimal adverse effects. The behavior patterns
of children that lead to heightened opportunities for exposure in the indoor environment and the
need for a developmental neurotoxicity study lead the Office of Pesticide Programs (OPP) to
recommend the application of a ten-fold FQPA factor for EPTC. However, EPA did not apply
this factor in the screening analysis because it does not apply to programs other than the
pesticide registrations.

8.3 Occurrence and Exposure
8.3.1

Use and Environmental Release

EPTC is a thiocarbamate herbicide used in the pre-emergence and early post-emergence
stages of weed germination to control weed growth. It was first registered for use in the United
States in 1958. It is in widespread use across the United States in agricultural production of a
number of crops, most notably corn, potatoes, dried beans, alfalfa, and snap beans. EPTC is also
used residentially on shade trees, annual and perennial ornamentals, and evergreens. EPTC can
be applied as a spray, as a granular formulation, or via chemigation. EPTC was initially
manufactured in Hungary and imported into the United States. Currently, Zeneca Ag Products
holds registrations for a number of end-use products and is the sole registration for the technical
product in the United States (USEPA, 1999a).
According to EPA statistics from 1987 through 1999, EPTC use in the United States has
been declining. In 1999, it was the nineteenth most commonly used active ingredient (a.i.) in
U.S. agriculture, down from eighth in 1987 and twelfth in 1993 (USEPA, 2002). According to
one analysis, the annual total domestic usage of EPTC between 1987 and 1996 averaged
approximately 20 million pounds a.i. for almost 6 million acres treated (USEPA, 1999a). In
2002, EPA concluded that the usage range in 1999 had fallen to between 7 and 9 million pounds
a.i., down from 17 to 21 million pounds a.i. in 1987 and 10 to 15 million pounds a.i. in 1993
(USEPA, 2002).
The National Center for Food and Agricultural Policy (NCFAP) estimates of national
agricultural ETPC use confirm a decline during the 1990s. According to NCFAP, around 1992
approximately 14.5 million pounds a.i. of EPTC were applied annually to 14 types of crops on
4.0 million acres, and around 1997 approximately 8.8 million pounds a.i. were applied annually
to 14 types of crops on 2.6 million acres. NCFAP estimates are based on State-level commercial
agriculture usage patterns for the periods 1990-1993 and 1995-1998, and State-level crop
acreage for 1992 and 1997 (NCFAP, 2004). For more information on NCFAP pesticide use
estimates, see Chapter 2.
The United States Geological Survey (USGS) combined data collected by NCFAP with
data from the Census of Agriculture to estimate that 14.1 million pounds of EPTC a.i. per year
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were used on approximately 4.0 million agricultural acres in the early 1990s (Thelin and
Gianessi, 2000). While USGS has not published national estimates for 1997, an estimate of
approximately 8.6 million pounds a.i. can be inferred from the “total pounds applied” and
“percent national use” data in the 1997 geographical distribution map (see Exhibit 8-2).
Exhibit 8-2 shows the estimated geographic distribution and intensity of typical annual
EPTC use in the United States in the late 1990s. A breakdown of use by crop is also included.
The map was created by USGS using State-level data sets on pesticide use rates from 1995-1998
compiled by NCFAP, combined with county-level data on harvested crop acreage obtained from
the 1997 Census of Agriculture (USGS, 2004). Due to the nature of the data sources, nonagricultural uses are not reflected on the map and variations in use at the county-level are also
not well represented (Thelin and Gianessi, 2000). For background on the USGS pesticide use
maps, see Chapter 2. The map indicates that EPTC use is widespread, especially in the East, the
Northern Great Plains, and the West.

Exhibit 8-2: Estimated Annual Agricultural Use of EPTC, c. 1997

Source: USGS, 2004

Toxics Release Inventory (TRI) data for EPTC (see Exhibit 8-3) are reported for the
years 1995 to 2003 (USEPA, 2006). Total reported EPTC releases fluctuated widely in the
range of thousands of pounds per year during this period. On-site releases were dominated by
air emissions and sometimes underground injections. On-site surface water releases did not
exceed 300 pounds per year; no land releases were reported. Off-site releases were significant,
but declined steadily after 1998. Releases were reported from seven States during the eight-year
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period on record. Releases were reported from Alabama, Nebraska, and Louisiana every year or
nearly every year. For a discussion of the nature and limitations of TRI data, see Chapter 2.

Exhibit 8-3: Environmental Releases (in Pounds) of EPTC in the United States,
1995-2003
Year
1995
1996
1997
1998
1999
2000
2001
2002
2003

On-Site Releases
Air
Surface Water Underground
Emissions
Discharges
Injection
2,363
291
373
7,325
2
29
2,208
113
9,501
2,008
115
2,088
2,574
156
903
2,034
95
6,083
2,034
99
1,146
1,917
98
0
1,575
95
0

Releases
to Land
0
0
0
0
0
0
0
0
0

Off-Site
Releases
9,366
590
2,778
4,565
3,570
2,798
1,655
708
513

Total On- &
Off-site
Releases
12,393
7,946
14,600
8,776
7,203
11,010
4,934
2,723
2,183

Source: USEPA, 2006

8.3.2

Ambient Water Occurrence

Ambient lakes, rivers, and aquifers are the source of most drinking water. Data on the
occurrence of EPTC in ambient surface and ground water are available from the National Water
Quality Assessment (NAWQA) program of the USGS. For details on this program, see the
discussion in Chapter 2. NAWQA data have been analyzed independently by USGS and EPA.
NAWQA National Pesticide Synthesis
Under the NAWQA program, USGS monitored EPTC between 1992 and 2001 in
representative watersheds and aquifers across the country. Reporting limits (RLs) varied but did
not exceed 0.002 µg/L.
In surface water (Exhibit 8-4), EPTC was detected at frequencies ranging from 1.64% of
samples in undeveloped settings to 4.81% in urban land use settings, 11.88% in mixed land use
settings, and 14.11% in agricultural settings. The 95th percentile concentrations were less than
the reporting limit in undeveloped and urban settings, 0.009 µg/L in mixed land use settings, and
0.018 µg/L in agricultural settings. The highest concentration, estimated at 29.6 µg/L, was found
in a mixed land use setting (Martin et al., 2003).
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Exhibit 8-4: USGS National Synthesis Summary of NAWQA Monitoring of EPTC in
Ambient Surface Water, 1992-2001
Land Use
Type

No. of
Samples
(and No. of
Sites)

Detection
Frequency

50th Percentile
(Median)
Concentration

95th Percentile
Concentration

Maximum
Concentration

Agricultural

1,884 (78)

14.11%

<RL

0.018 µg/L

7.30 µg/L

Mixed

1,000 (47)

11.88%

<RL

0.009 µg/L

29.6 µg/L (E)

Undeveloped

60 (4)

1.64%

<RL

<RL

0.004 µg/L

Urban

892 (33)

4.81%

<RL

<RL

0.038 µg/L

Notes:
RL = Reporting limit. Reporting limits for EPTC varied, but did not exceed 0.002 µg/L.
E = Estimated (outside normal calibration limits)
The USGS Pesticide National Synthesis used one year of data, generally the year with the most sampling results, to represent each
site in this analysis. The sampling results were time-weighted, to eliminate bias from more frequent sampling at certain times of
year. Detection Frequencies and Percentile Concentrations can be interpreted as representing annual occurrence. For instance,
the detection frequency can be thought of as the percent of the year in which detections are found at a typical site in this land use
th
category, and the 95 percentile concentration can be thought of as a concentration that is not exceeded for 95% of the year at a
typical site in this land use category.
Source: Martin et al., 2003

In ground water (Exhibit 8-5), EPTC detection frequencies ranged from 0.0% in
undeveloped settings to 0.33% in mixed land use (major aquifer) settings, 0.49% in agricultural
settings, and 0.72% in urban settings. The 95th percentile concentrations were less than the
reporting limit in all settings. The highest concentration, 0.45 µg/L, was found in an agricultural
setting (Kolpin and Martin, 2003).
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Exhibit 8-5: USGS National Synthesis Summary of NAWQA Monitoring of EPTC in
Ambient Ground Water, 1992-2001
Land Use
Type
Agricultural
Mixed (Major
Aquifer)
Undeveloped
Urban

No. of Wells

Detection
Frequency

1,443

0.49%

50th Percentile
(Median)
Concentration
<RL

2,717

0.33%

<RL

<RL

0.182 µg/L

67
834

0.0%
0.72%

<RL
<RL

<RL
<RL

<RL
0.02 µg/L

95th Percentile
Concentration

Maximum
Concentration

<RL

0.45 µg/L

Notes:
RL = Reporting limit. Reporting limits for EPTC varied, but did not exceed 0.002 µg/L.
The USGS Pesticide National Synthesis considered each well a distinct site in this analysis. Each well was represented by one
sample: normally the first one taken, but possibly a later sample if the first sample was not analyzed for the full range of analytes.
Percentile Concentrations were drawn from the range of detects and non-detects. The method for calculating Percentile
Concentrations varied depending on how much of the data was censored at particular levels by the laboratory.
Source: Kolpin and Martin, 2003

EPA Summary Analysis of NAWQA Data
Whereas the NAWQA program often uses the most representative data for a site to
calculate summary statistics, EPA, with the cooperation of USGS, has performed a summary
analysis of all Cycle 1 water monitoring data from all study units (1991-2001) for many of the
Second Contaminant Candidate List (CCL 2) contaminants being considered for regulatory
determination, including EPTC. Detection frequencies were simply computed as the percentage
of samples and sites with detections (i.e., with at least one result equal to or greater than the
reporting limit). Note that reporting limits were not uniform. Sample detections can be biased
by frequent sampling in areas with high (or low) occurrence. Calculating the percentage of sites
with detections can reduce this bias. For more details on the data set and the EPA analysis, see
Chapter 2.
The results of the EPA analysis are presented in Exhibit 8-6. Overall, EPTC was
detected in 10.5% of samples and at 5.7% of sites. EPTC was detected more frequently and at
higher concentrations (maximum of 40 µg/L) in surface water.
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Exhibit 8-6: EPA Summary Analysis of EPTC Data from NAWQA Study Units,
1992-2001
Concentration Values
Detection Frequency
(detections are results ≥ RL1)
(of detections, in µg/L)
%
95th
% Sites
99th
Number
Samples Number
Minimum Median Percen- Percenof
with
with
of Sites
Samples
Detections
tile
tile
Detections
surface
water
ground
water
all
sites

Maximum

14,872

14.4%

1,907

18.9%

0.0004

0.01

0.199

1.5

40

6,080

0.9%

5,211

0.9%

0.001

0.006

0.17

0.45

0.45

20,952

10.5%

7,118

5.7%

0.0004

0.01

0.19

1.5

40

1

RLs (Reporting Limits) for EPTC varied, but did not exceed 0.002 µg/L. For more information, see Chapter 2. Note that because
this EPA analysis involves more data points than the USGS analyses presented above, a direct comparison is not possible.

8.3.3

Drinking Water Occurrence

Nationally representative data on EPTC occurrence in drinking water have been collected
by large and small public water systems in accordance with EPA’s First Unregulated
Contaminant Monitoring Regulation (UCMR 1). For details on UCMR 1, see Chapter 2 and
USEPA (2008).
UCMR 1
UCMR 1 monitoring was conducted primarily between 2001 and 2003, though some
results were not collected and reported until as late as 2006. As a List 1 contaminant, EPTC was
scheduled to be monitored by all large community water systems (CWSs) and non-transient noncommunity water systems (NTNCWSs) and a statistically representative sample of small CWSs
and NTNCWSs. The data presented in this report reflect UCMR 1 analytical samples submitted
and quality-checked under the regulation as of March 2006. EPTC data were collected and
submitted by 797 (99.6 percent) of the 800 small systems selected for the small system sample
and 3,076 (99.2 percent) of the 3,100 large systems defined as eligible for the UCMR 1 large
system census. EPTC data have been analyzed at the level of simple detections (at or above the
minimum reporting level (MRL), ≥ MRL, or ≥ 1 µg/L), exceedances of the health reference level
(> HRL, or > 175 µg/L), and exceedances of one-half the value of the HRL (> 2 HRL, or > 87.5
µg/L).
Results of the analysis are presented in Exhibits 8-7 and 8-8. No detections of EPTC
were found in any samples, and thus there were also no exceedances of the HRL or one-half the
HRL.
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Exhibit 8-7: Summary UCMR 1 Occurrence Statistics for EPTC in Small Systems
(Based on Statistically Representative National Sample of Small Systems)
UCMR Data Small Systems

National System &
Population Numbers1

Total Number of Samples

3,251

--

Percent of Samples with Detections

0.00%

--

< MRL

--

Frequency Factors

th

99 Percentile Concentration (all samples)
Health Reference Level (HRL)

175 µg/L

--

Minimum Reporting Level (MRL)

1 µg/L

--

Maximum Concentration of Detections

< MRL

--

th

99 Percentile Concentration of Detections

< MRL

--

Median Concentration of Detections

< MRL

--

797
590
207

60,414
56,072
4,342

2,760,570
1,939,815
820,755
Number
Percentage

45,414,590
36,224,336
9,190,254

Total Number of PWSs
Number of GW PWSs
Number of SW PWSs
Total Population
Population of GW PWSs
Population of SW PWSs
Occurrence by System
PWSs (GW & SW) with Detections (> MRL)

0

0.00%

National Extrapolation2
0

PWSs (GW & SW) > 1/2 HRL

0

0.00%

0

PWSs (GW & SW) > HRL
Occurrence by Population Served

0

0.00%

0

Population Served by PWSs with Detections

0

0.00%

0

Population Served by PWSs > 1/2 HRL

0

0.00%

0

Population Served by PWSs > HRL

0

0.00%

0

1. Total PWS and population numbers are from EPA September 2004 Drinking Water Baseline Handbook, 4th edition.
2. National extrapolations are generated separately for each population-served size stratum and then added to yield the national estimate of GW
PWSs with detections (and population served) and SW PWSs with detections (and population served). For intermediate calculations at the level of
individual strata, see EPA’s UCMR 1 Occurrence Report, entitled “The Analysis of Occurrence Data from the First Unregulated Contaminant Monitoring
Regulation (UCMR 1) in Support of Regulatory Determinations for the Second Drinking Water Contaminant Candidate List.”
Abbreviations:
PWS = Public Water Systems; GW = Ground Water; SW = Surface Water; N/A = Not Applicable; Total Number of Samples = the total number of
samples on record for the contaminant; 99th Percentile Concentration = the concentration in the 99th percentile sample (out of either all samples or just
samples with detections); Median Concentration of Detections = the concentration in the median sample (out of samples with detections); Total Number
of PWSs = the total number of PWSs for which sampling results are available; Total Population Served = the total population served by PWSs for which
sampling results are available; PWSs with detections, PWSs > ½ HRL, or PWSs > HRL = PWSs with at least one sampling result greater than or equal
to the MRL, exceeding the ½ HRL benchmark, or exceeding the HRL benchmark, respectively; Population Served by PWSs with detections, by PWSs
> ½ HRL, or by PWSs > HRL = population served by PWSs with at least one sampling result greater than or equal to the MRL, exceeding the ½ HRL
benchmark, or exceeding the HRL benchmark, respectively.
Notes:
-Small systems are those that serve 10,000 persons or fewer.
-Only results at or above the MRL were reported as detections. Concentrations below the MRL are considered non-detects.
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Exhibit 8-8: Summary UCMR 1 Occurrence Statistics for EPTC in Large Systems
(Based on the Census of Large Systems)
UCMR Data Large Systems

Frequency Factors
Total Number of Samples

30,547

Percent of Samples with Detections

0.00%

99th Percentile Concentration (all samples)

< MRL

Health Reference Level (HRL)

175 µg/L

Minimum Reporting Level (MRL)

1 µg/L

Maximum Concentration of Detections

< MRL

th

99 Percentile Concentration of Detections

< MRL

Median Concentration of Detections

< MRL

Total Number of PWSs
Number of GW PWSs
Number of SW PWSs

3,076
1,380
1,696

Total Population
Population of GW PWSs
Population of SW PWSs
Occurrence by System

223,491,907
53,405,539
170,086,368

PWSs (GW & SW) with Detections (> MRL)

Number

Percentage

0

0.00%

PWSs (GW & SW) > 1/2 HRL

0

0.00%

PWSs (GW & SW) > HRL
Occurrence by Population Served

0

0.00%

Population Served by PWSs with Detections

0

0.00%

Population Served by PWSs > 1/2 HRL

0

0.00%

Population Served by PWSs > HRL

0

0.00%

Abbreviations:
PWS = Public Water Systems; GW = Ground Water; SW = Surface Water; N/A = Not Applicable; Total Number of Samples = the total number of
samples on record for the contaminant; 99th Percentile Concentration = the concentration in the 99th percentile sample (out of either all samples or just
samples with detections); Median Concentration of Detections = the concentration in the median sample (out of samples with detections); Total Number
of PWSs = the total number of PWSs for which sampling results are available; Total Population Served = the total population served by PWSs for which
sampling results are available; PWSs with detections, PWSs > ½ HRL, or PWSs > HRL = PWSs with at least one sampling result greater than or equal
to the MRL, exceeding the ½ HRL benchmark, or exceeding the HRL benchmark, respectively; Population Served by PWSs with detections, by PWSs
> ½ HRL, or by PWSs > HRL = population served by PWSs with at least one sampling result greater than or equal to the MRL, exceeding the ½ HRL
benchmark, or exceeding the HRL benchmark, respectively.
Notes:
-Large systems are those that serve more than 10,000 persons.
-Only results at or above the MRL were reported as detections. Concentrations below the MRL are considered non-detects.
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Summary Analysis of Combined Large and Small System UCMR 1 Data
None of the 3,873 Public Water Systems (PWSs) sampled (serving a population of 226
million) had detects of EPTC at the MRL of 1 µg/L. Hence, these data indicate that no
occurrence and exposure is expected at levels greater than 87.5 µg/L (½ the HRL) and greater
than 175 µg/L (the HRL).
Pesticides in Ground Water Database (PGWDB)
The Pesticides in Ground Water Database (PGWDB) is a compilation of data from
ground water studies conducted by federal, State, and local governments, the pesticide industry,
and other institutions between 1971 and 1991 (USEPA, 1992). Most of the data are from
drinking water wells. Since PGWDB data come from multiple sources, they should be
interpreted with caution. Results might be biased high, because areas with suspected
contamination are likely to have been sampled more frequently than pristine areas. For more
background to the PGWDB, see Chapter 2.
According to the data compiled in the PGWDB, EPTC was found in 2 (0.11 percent) of
1,752 ground water wells that were sampled in 10 States. Both contaminated wells were in
Minnesota. The detected concentrations ranged from 0.01 to 0.33 µg/L (USEPA, 1992).
National Pesticide Survey (NPS)
EPA collected samples from approximately 1,300 CWS wells and rural drinking water
wells between 1988 and 1990 for the National Pesticide Survey (NPS). The survey was
designed to provide a statistically reliable estimate of pesticide occurrence in the nation’s
drinking water wells. For details about NPS, see Chapter 2.
With a minimum reporting limit of 0.15 µg/L, EPTC was not detected in the survey
(USEPA, 1990b).

8.4 Technology Assessment
8.4.1

Analytical Methods

EPA evaluated the availability of analytical methods for all of the unregulated
contaminants considered for UCMR 1 (64 FR 50556). Sources for these methods include
publications by EPA and by voluntary consensus standard organizations such as the American
Society for Testing and Materials (ASTM), the Association of Analytical Communities (AOAC),
and the American Public Health Association (APHA).
EPTC is a UCMR 1 List 1 contaminant that can be detected in drinking water by EPA
Methods 507 and 525.2. These methods were approved for the monitoring of EPTC in 1999 (64
FR 50556). EPA Method 507 relies on solvent extraction of EPTC and separation by gas
chromatography (GC) with a nitrogen-phosphorus detector (NPD), while EPA Method 525.2
relies on liquid-solid extraction and capillary column gas chromatography/ mass spectrometry
(GC/MS). A full description of EPA Methods 507 and 525.2 can be found in EPA’s Methods for
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the Determination of Organic Compounds in Drinking Water, Supplement 3 (USEPA, 1995a).
Additional methods approved for EPTC include ASTM Method D5475-93 (ASTM, 1996; 1998)
and AOAC 991.07 (AOAC, 1998).
The method detection limit (MDL) and the average recovery for each analytical method
used that can be used for the analysis of EPTC in water are included in the method descriptions
below. 1
EPA Method 507
In EPA Method 507 (Revision 2.1), “Determination of Nitrogen and PhosphorusContaining Pesticides in Water by Gas Chromatography with a Nitrogen-Phosphorus Detector,”
a sample is extracted with methylene chloride by shaking in a separatory funnel. The methylene
chloride extract is separated, dried, and concentrated during a solvent exchange to methyl
tertiary butyl ether (MTBE). Chromatographic conditions are set to allow for separation and
measurement of the analytes in the extract by capillary column GC with a NPD (USEPA,
1995b).
The MDL for EPTC is 0.08 µg/L. The average recovery for EPTC ranges from 83 to 86
percent depending on the method option used (USEPA, 1995b).
EPA Method 525.2
In EPA Method 525.2 (Revision 2.0), “Determination of Organic Compounds in
Drinking Water by Liquid-Solid Extraction and Capillary Column Gas Chromatography/Mass
Spectrometry,” a water sample is passed through a disk or cartridge containing a solid matrix
with a chemically bonded C18 organic phase. This is known as liquid-solid extraction (LSE).
The organic compounds are eluted from the LSE disk or cartridge with small amounts of ethyl
acetate and methylene chloride. The analytes are then concentrated by evaporation of some of
the solvent. The concentrated extract is analyzed by injecting an aliquot of the extract into the
high resolution fused silica capillary column of a GC/MS system. Compounds eluting from the
GC column are characterized by comparing their measured mass spectra and retention times
against reference mass spectra and retention times (USEPA, 1995c).

1

The Method Detection Limit (MDL) is a statistical estimate of the minimum concentration of a substance that can
be measured and reported with 99 percent confidence that the analyte concentration is greater than zero, i.e., greater
than the background signal. The calculation of the MDL is based upon the precision of a series of replicate
measurements of the analyte at low concentrations. The MDL incorporates estimates of the accuracy of the
determination. The MDL is not a concentration that can typically be measured by the method on a routine basis.
Detection limits may vary between analysts and laboratories under various laboratory conditions.
The average recovery is the fraction or percent concentration of a target analyte determined relative to the true or
expected concentration from a sample containing a known amount of the target analyte. (This can result in apparent
recovery values greater than 100 percent.)
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The MDL for EPTC in reagent water ranges from 0.056 to 0.12 µg/L, depending on the
method option used. The average recovery is reported to range from 97 to 105 percent
depending on the method option used (USEPA, 1995c).
8.4.2

Treatment Technologies

Treatment technology status does not influence the determination of whether or not a
contaminant should be regulated. However, treatment technologies must be readily available
before a contaminant can be regulated with a national primary drinking water regulation
(NPDWR). There is no evidence that EPTC is substantially removed by conventional
treatments, such as coagulation/flocculation, sedimentation, and inert media filtration. Microbial
breakdown has been reported to be a major degradation pathway in soils (Ahrens, 1994 as cited
in HSDB, 2004), which suggests the possibility of biological treatment. However, no testing has
been done on the biological removal of EPTC from water. Other potential treatment
technologies include activated carbon and reverse osmosis.
Granular activated carbon (GAC) treatment removes contaminants via the physical and
chemical process of sorption: the contaminants attach to the carbon surface as water passes
through the carbon bed. Activated carbon has a large sorption capacity for many water
impurities, including synthetic organic chemicals, taste- and odor-causing compounds, and some
species of mercury.
Adsorption capacity is typically represented by the Freundlich isotherm constant, with
higher Freundlich (K) values indicating greater sorption potential. Activated carbon is
considered to be cost-effective for removing a particular contaminant if the Freundlich (K) value
of the contaminant is above 200 µg/g (L/µg)1/n (Speth et al., 2001). The Freundlich (K) value for
EPTC is approximately 79,500 µg/g (L/µg)1/n, which indicates that GAC is a promising
treatment option (Speth et al., 2001).
Reverse osmosis (RO) is similar to other membrane processes, such as ultrafiltration and
nanofiltration, in that water passes through a semi-permeable membrane. However, in the case
of RO, the membrane is non-porous. RO involves the use of applied hydraulic pressure to
oppose the osmotic pressure across the membrane, forcing the water from the concentratedsolution side to the dilute-solution side. The water dissolves into the membrane, diffuses across,
then dissolves out into the permeate. Most inorganic and many organic contaminants are
rejected by the membrane and will be retained in the concentrate.
USEPA (2000) reports that the carbamate class of pesticides can be removed with 85.7
percent efficiency using a cellulose acetate membrane, 79.6 to 93 percent efficiency using a
polyamide membrane, and greater than 92.9 percent efficiency using a thin-film composite
membrane. These results indicate that RO is a promising option for removal of EPTC in
drinking water.
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8.5 Regulatory Determination
The Agency has made a determination not to regulate EPTC with a national primary
drinking water regulation (NPDWR). Because EPTC does not appear to occur at health levels of
concern in PWSs, the Agency believes that an NPDWR does not present a meaningful
opportunity for health risk reduction. While EPTC has been found in ambient waters at levels
less than the HRL of 175 µg (as well as ½ the HRL), it was not found in the UCMR 1 survey of
public water supplies.
The Agency’s regulatory determination for this contaminant is presented formally in the
Federal Register.
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Chapter 9:
Fonofos

A chapter from:
Regulatory Determinations Support Document for Selected Contaminants
from the Second Drinking Water Contaminant Candidate List (CCL 2)
EPA Report 815-R-08-012
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Executive Summary
Fonofos, an organophosphate, is a soil insecticide used until recently to control pests
such as corn rootworms, cutworms, symphylans (i.e., garden centipedes), and wireworms.
Primarily used on corn crops, fonofos was also used on other crops such as asparagus, beans,
beets, corn, onions, peppers, tomatoes, cole crops, sweet potatoes, peanuts, peas, peppermint,
plantains, sorghum, soybeans, spearmint, strawberries, sugarcane, sugar beets, white (Irish)
potatoes, and tobacco.
Fonofos was scheduled for a reregistration decision in 1999. However, before the review
was completed, the registrant requested voluntary cancellation. The cancellation was announced
in the Federal Register on May 6, 1998 (63 FR 25033), with an effective date of November 2,
1998, plus a one-year grace period to permit the exhaustion of existing stocks.
Fonofos is moderately persistent in soil and its persistence depends on soil type, organic
matter, rainfall, and sunlight. Since fonofos adsorbs moderately well to soil, it is not readily
leached or transported to ground water but it can be transported to surface waters in runoff.
Fonofos is rapidly degraded by soil microorganisms. Fonofos tends to volatilize from wet soil
and water surfaces, but the process is slowed by adsorption to organic material in soil, suspended
solids, and sediment.
Fonofos (like many organophosphates) is toxic to humans and animals. Case reports and
acute oral toxicity studies in animals indicate that oral exposure to fonofos induces clinical signs
of toxicity that are typical of cholinesterase inhibitors. Chronic exposure studies also indicated
that oral administration of fonofos inhibits cholinesterase. Cholinesterase inhibition is one of the
critical effects associated with the reference dose (RfD), which was verified by EPA at 0.002
mg/kg/day. EPA derived the RfD using an no-observed-adverse-effect level (NOAEL) of 0.2
mg/kg/day and a 100-fold uncertainty factor to account for inter- and intraspecies differences.
Fonofos is classified as an unlikely human carcinogen (Group E) because available longterm feeding studies in rats and mice show no evidence of carcinogenicity. Fonofos does not
appear to be mutagenic.
The Agency believes that the current RfD is adequately protective of children. The
current fonofos RfD of 0.002 mg/kg/day is 1000-fold lower than the NOAEL observed in rat
developmental studies. Using the RfD of 0.002 mg/kg/day for fonofos and a 20 percent
screening relative source contribution, the Agency derived a health reference level (HRL) of
0.014 mg/L and rounded to 0.01 mg/L (or 10 µg/L).
National Center for Food and Agricultural Policy (NCFAP) data indicate that fonofos use
declined significantly during the 1990s. According to NCFAP, approximately 3.2 million
pounds of fonofos were applied annually around 1992 and approximately 0.4 million pounds
were applied annually around 1997. Fonofos use was cancelled in 1998.
Data on the ambient occurrence of fonofos are available from the first monitoring cycle
(1992-2001) of the United States Geological Survey’s (USGS’s) National Water Quality
Assessment (NAWQA) program. While the USGS detected fonofos in both surface and ground
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waters, in no land use setting did the 95th percentile concentration of fonofos exceed 0.003 µg/L
(the reporting limit). The maximum surface water concentration, 1.20 µg/L (from an agricultural
setting), and the maximum ground water concentration, 0.009 µg/L (also from an agricultural
setting), are both less than the fonofos HRL and ½ the HRL.
To estimate fonofos occurrence in drinking water, EPA included it as an analyte in the
First Unregulated Contaminant Monitoring Regulation (UCMR 1) List 2 Screening Survey.
None of the 2,306 samples from the 295 public water systems (PWSs) sampled (serving a total
population of 41 million) had fonofos detections at or above the minimum reporting level (MRL)
of 0.5 µg/L. These results suggest that no occurrence and exposure is expected at levels greater
than the HRL (10 µg/L) or even ½ the HRL (5 µg/L).
The Agency has made a determination not to regulate fonofos with a national primary
drinking water regulation (NPDWR). Because fonofos does not appear to occur at health levels
of concern in PWSs, the Agency believes that an NPDWR does not present a meaningful
opportunity for health risk reduction.
The Agency’s regulatory determination for this contaminant is presented formally in the
Federal Register.
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Fonofos

9.1 Definition
Fonofos is a highly toxic organophosphate insecticide. The Chemical Abstracts Service
(CAS) chemical name for fonofos is O-ethyl S-phenyl ethylphosphonodithioate, and its registry
number is 944-22-9. Trade name synonyms include Difonate, Dyfonate, Dyphonate, Capfos,
Cudgel, and Stauffer N 2790 (Extoxnet, 1993). Two chiral forms of fonofos exist, of which the
(R)-isomer is more toxic to mice and insects than the (S)-isomer (Tomlin, 2002 as cited in
HSDB, 2004).
9.1.1

Properties and Sources

At room temperature, fonofos is a clear-to-yellow liquid with a distinct mercaptan
(sulfur) odor. As a synthetic compound, it is not found naturally in the environment. Fonofos is
applied to soil to control insects around crops (predominantly corn). It is relatively insoluble in
water, but miscible in most common organic solvents. Fonofos is available in a variety of
formulations, including granular, microgranular, emusifiable concentrate, and suspension
concentrate forms (Extoxnet, 1993). Some additional physical and chemical properties of
fonofos are listed in Exhibit 9-1.
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Exhibit 9-1: Physical and Chemical Properties of Fonofos
Identification
CAS number

944-22-9

Molecular Formula

C10H15OPS2
Physical and Chemical Properties

Boiling Point

130 °C at 0.1 mm Hg 1

Melting Point

< 25 ° C 1

Molecular Weight

246.32 g/mol 1

Log Koc

870 2

Log Kow

3.94 3

Water Solubility

15.7 mg/L at 20 °C 4

Vapor Pressure

0.000338 mm Hg at 25 ° C 5

Henry=s Law Constant

7.0 x 10-6 atm-m3/mole 6
2.1 x 10-4 (dimensionless), predicted 7
2.6 x 10-4 (dimensionless), from literature 7

Freundlich Isotherm Constant (K)

251,000 (µg/g)(L/µg)1/n 7

1

Windholz et al., 1983

2

Wauchope at al., 1992 (as cited in Extoxnet, 1993)

3

Hansch et al., 1995 (as cited in HSDB, 2004)

4

Yalkowsky & He, 2003 (as cited in HSDB, 2004)

5

USDA, 2003 (as cited in HSDB, 2004)

6

HSDB, 2004

7

Speth et al., 2001

9.1.2

Environmental Fate and Behavior

Fonofos is moderately persistent in soil and its persistence depends on soil type, organic
matter, rainfall, and sunlight. Since fonofos adsorbs moderately well to soil, it is not readily
leached or transported to ground water but it can be transported to surface waters in runoff.
Fonofos is rapidly degraded by soil microorganisms (Extoxnet, 1993). Fonofos tends to
volatilize from wet soil and water surfaces, but the process is slowed by adsorption to organic
material in soil, suspended solids, and sediment (HSDB, 2004).
According to a model of gas/particle partitioning of semivolatile organic compounds in
the atmosphere, fonofos will exist in both the vapor and particulate phases in the ambient
atmosphere (Bidleman, 1988 as cited in HSDB, 2004). In a laboratory volatility study,
approximately 35 percent of the fonofos that was applied to soil volatilized after 24 hours
(USEPA, 1999).
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9.2 Health Effects
Fonofos (like many organophosphates) is toxic to humans and animals. Case reports and
acute oral toxicity studies in animals indicate that oral exposure to fonofos induces clinical signs
of toxicity that are typical of cholinesterase inhibitors. In humans, accidental exposures
produced symptoms of acute intoxication, nausea, vomiting, salivation, sweating, muscle
twitches, decreased blood pressure and pulse rate, pinpoint pupils, profuse salivary and bronchial
secretions, cardiorespiratory arrest, and even death in one exposed individual (Hayes, 1982 as
cited in USEPA 1988; Pena Gonzalez et al., 1996).
In animals, clinical signs of exposure included tremors, salivation, diarrhea, and labored
breathing (USEPA, 1996). Chronic exposure studies also indicated that oral administration of
fonofos inhibits cholinesterase (Banerjee et al., 1968; Cockrell et al., 1966; both as cited in
USEPA, 1988; Hodge, 1995; Horner, 1993; Pavkov and Taylor, 1988; Woodard et al., 1969 both
as cited in USEPA, 1996; Miller, 1987 as cited in USEPA 1996; Miller et al., 1979).
Cholinesterase inhibition is one of the critical effects associated with the reference dose (RfD),
which was verified by EPA (1991) at 0.002 mg/kg/day. EPA derived the RfD value of 0.002
mg/kg/day using a no-observed-adverse-effect level (NOAEL) of 0.2 mg/kg/day (Hodge, 1995
as cited in USEPA, 1996) and a 100-fold uncertainty factor to account for inter- and intraspecies
differences.
Fonofos is classified as an unlikely human carcinogen (Group E) because there is no
evidence of carcinogenic potential in the available long-term feeding studies in rats and mice
(Banerjee et al. 1968 as cited in USEPA, 1988; Pavkov and Taylor, 1988, Sprague and Zwicker,
1987 both as cited in USEPA, 1996). In addition, fonofos does not appear to be mutagenic
(USEPA, 1996).
EPA evaluated whether health information is available regarding the potential effects on
children and other sensitive populations. In the available developmental studies with rabbits
(Sauerhoff, 1987 as cited in USEPA, 1996) and mice (Minor et al., 1982 as cited in USEPA,
1988; Pulsford, 1991 as cited in USEPA, 1996), no developmental effects were observed at oral
doses as high as 1.5 mg/kg/day in the rabbit (highest dose tested) nor in mice at doses as high as
2.0 mg/kg/day (Minor et al., 1982 as cited in USEPA, 1988; Pulsford, 1991 as cited in USEPA,
1996). However, in mice, effects were noted at higher dose levels. These effects include an
increase in the incidence of variant sternebrae ossifications (at 6 mg/kg/day or greater) and a
slight dilation of the fourth brain ventricle in offspring (at 4 mg/kg/day or greater). No
developmental neurotoxicity study with fonofos is available for further assessment of this
endpoint. In a three-generation reproduction study in rats (Woodard et al., 1968 as cited in
USEPA, 1996), no treatment-related adverse effects were observed at the two dose levels used in
this study, 0.5 and 1.58 mg/kg/day.
The Agency believes that the current RfD is adequately protective of children. The
current fonofos RfD of 0.002 mg/kg/day is 1000-fold lower than the NOAEL observed in the
Woodard et al. (1968 as cited in USEPA, 1996) developmental studies.
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Using the RfD of 0.002 mg/kg/day for fonofos and a 20 percent screening relative source
contribution, the Agency derived a health reference level (HRL) of 0.014 mg/L and rounded to
0.01 mg/L (or 10 µg/L).

9.3 Occurrence and Exposure
9.3.1

Use and Environmental Release

Fonofos, a highly toxic liquid organophosphate insecticide, was initially marketed in
1967 by Stauffer Chemical Company, and most recently licensed to Zeneca Ag Products.
Fonofos was used primarily on corn crops, but was also applied to others, including asparagus,
beans, beets, corn, onions, peppers, tomatoes, cole crops, sweet potatoes, peanuts, peas,
peppermint, plantains, sorghum, soybeans, spearmint, strawberries, sugarcane, sugar beets, white
(Irish) potatoes, and tobacco. Applied at rates between 1 and 4 pounds per acre, fonofos was
used to control insects such as corn rootworms, cutworms, symphylans (garden centipedes), and
wireworms (USEPA, 1999).
In March 1984, EPA issued a Registration Standard for fonofos. Although fonofos was
scheduled for a reregistration decision in 1999, the registrants requested voluntary cancellation
before the review. Cancellation of the pesticide was announced in the Federal Register on May
8, 1998 (63 FR 25033), with an effective date of November 2, 1998, plus a one-year grace period
to permit the exhaustion of existing stocks (USEPA, 1999).
The National Center for Food and Agricultural Policy (NCFAP) estimates of national
fonofos use indicate a significant decline during the 1990s (NCFAP, 2004). According to
NCFAP, approximately 3.2 million pounds of active ingredient (a.i.) were applied annually to 24
types of crops on 2.6 million acres around 1992, and approximately 0.4 million pounds a.i. were
applied annually to 19 types of crops on 0.3 million acres around 1997. NCFAP estimates are
based on State-level commercial agriculture usage patterns for the periods 1990-1993 and 19951998, and State-level crop acreage for 1992 and 1997. For more information on NCFAP
pesticide use estimates, see Chapter 2.
The United States Geological Survey (USGS) combined data collected by NCFAP with
data from the Census of Agriculture to estimate that 2.7 million pounds of fonofos a.i. per year
were used on approximately 2.4 million agricultural acres in the early 1990s (Thelin and
Gianessi, 2000). While USGS has not published national estimates for 1997, an estimate of
approximately 0.4 million pounds a.i. can be inferred from the “total pounds applied” and
“percent national use” data in the 1997 geographical distribution map (Exhibit 9-2).
Exhibit 9-2 shows the estimated geographic distribution and intensity of typical annual
fonofos use in the United States in the late 1990s. A breakdown of use by crop is also included.
The map was created by USGS using State-level data sets on pesticide use rates from 1995-1998
compiled by NCFAP, combined with county-level data on harvested crop acreage obtained from
the 1997 Census of Agriculture (USGS, 2004). Due to the nature of the data sources, nonagricultural uses are not reflected on the map and variations in use at the county-level are also
not well represented (Thelin and Gianessi, 2000). For background on the USGS pesticide use
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maps, see Chapter 2. The map suggests that around 1997, fonofos was used in a geographically
dispersed minority of States, most intensely in South Dakota.

Exhibit 9-2: Estimated Annual Agricultural Use of Fonofos, c. 1997

Source: USGS, 2004

9.3.2

Ambient Water Occurrence

Ambient lakes, rivers, and aquifers are the source of most drinking water. Data on the
occurrence of fonofos in ambient surface and ground water are available from the National
Water Quality Assessment (NAWQA) program of the USGS. For details on this program, see
the discussion in Chapter 2. NAWQA data have been analyzed independently by USGS and
EPA.
NAWQA National Pesticide Synthesis
Under the NAWQA program, USGS monitored fonofos between 1992 and 2001 in
representative watersheds and aquifers across the country. Reporting limits varied but did not
exceed 0.003 µg/L.
In surface water (Exhibit 9-3), fonofos was detected at frequencies ranging from 0.0% of
samples in undeveloped land settings to 0.92% in urban land use settings, 1.20% in mixed land
use settings, and 3.05% in agricultural land use settings. The 95th percentile concentrations in all
land use settings were below the reporting limit. The highest concentration, 1.20 µg/L, occurred
in an agricultural land use setting (Martin et al., 2003).
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Exhibit 9-3: USGS National Synthesis Summary of NAWQA Monitoring of
Fonofos in Ambient Surface Water, 1992-2001
Land Use
Type
Agricultural
Mixed
Undeveloped
Urban

No. of
Samples (and
No. of Sites)
1,889 (78)
1,020 (47)
60 (4)
900 (33)

Detection
Frequency
3.05%
1.20%
0.00%
0.92%

50th Percentile
(Median)
Concentration
<RL
<RL
<RL
<RL

95th Percentile
Concentration

Maximum
Concentration

<RL
<RL
<RL
<RL

1.20 µg/L
0.014 µg/L
<RL
0.084 µg/L

Notes:
RL = Reporting limit. Reporting limits for fonofos varied, but did not exceed 0.003 µg/L.
The USGS Pesticide National Synthesis used one year of data, generally the year with the most sampling results, to represent each
site in this analysis. The sampling results were time-weighted to eliminate bias from more frequent sampling at certain times of
year. Detection Frequencies and Percentile Concentrations can be interpreted as representing annual occurrence. For instance,
the detection frequency can be thought of as the percent of the year in which detections are found at a typical site in this land use
th
category, and the 95 percentile concentration can be thought of as a concentration that is not exceeded for 95% of the year at a
typical site in this land use category.
Source: Martin et al., 2003

In ground water, fonofos detection frequencies ranged from 0.0% of samples in urban
and undeveloped settings to 0.07% in agricultural and mixed land use (major aquifer) settings
(Exhibit 9-4). The 95th percentile concentrations were less than the reporting limit in all settings.
The highest concentration, 0.009 µg/L, occurred in an agricultural setting (Kolpin and Martin,
2003).

Exhibit 9-4: USGS National Synthesis Summary of NAWQA Monitoring of
Fonofos in Ambient Ground Water, 1992-2001
Land Use Type
Agricultural
Mixed (Major
Aquifer)
Undeveloped
Urban

1,443

0.07%

50th Percentile
(Median)
Concentration
<RL

2,717

0.07%

<RL

<RL

0.003 µg/L

67
835

0.0%
0.0%

<RL
<RL

<RL
<RL

<RL
<RL

No. of
Wells

Detection
Frequency

95th Percentile
Concentration

Maximum
Concentration

<RL

0.009 µg/L

Notes:
RL = Reporting limit. Reporting limits for fonofos varied, but did not exceed 0.003 µg/L.
The USGS Pesticide National Synthesis considered each well a distinct site in this analysis. Each well was represented by one
sample: normally the first one taken, but possibly a later sample if the first sample was not analyzed for the full range of analytes.
Percentile Concentrations were drawn from the range of detects and non-detects. The method for calculating Percentile
Concentrations varied depending on how much of the data was censored at particular levels by the laboratory.
Source: Kolpin and Martin, 2003
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EPA Summary Analysis of NAWQA Data
Whereas the NAWQA program often uses the most representative data for a site to
calculate summary statistics, EPA, with the cooperation of USGS, has performed a summary
analysis of all Cycle 1 water monitoring data from all study units (1991-2001) for many of the
Second Contaminant Candidate List (CCL 2) contaminants being considered for regulatory
determination, including fonofos. Detection frequencies were simply computed as the
percentage of samples and sites with detections (i.e., with at least one result equal to or greater
than the reporting limit). Note that reporting limits were not uniform. Sample detections can be
biased by frequent sampling in areas with high (or low) occurrence. Calculating the percentage
of sites with detections can reduce this bias. For more details on the data set and the EPA
analysis, see Chapter 2.
The results of the EPA analysis are presented in Exhibit 9-5. Overall, fonofos was
detected in 2.20% of samples and at 1.34% of sites. Fonofos was detected more frequently and
at higher concentrations (maximum of 1.2 µg/L) in surface water.

Exhibit 9-5: EPA Summary Analysis of Fonofos Data from NAWQA Study Units,
1992-2001
Detection Frequency
(detections are results ≥ RL1)
Number % Samples
Number % Sites with
Minimum
of
with
of Sites Detections
Samples Detections
surface
water
ground
water
all
sites

Concentration Values
(of detections, in µg/L)
95th
99th
Median Percen- Percen- Maximum
tile
tile

14,880

3.08%

1,907

4.82%

0.0005

0.007

0.073

0.21

1.2

6,078

0.05%

5,209

0.06%

0.002

0.003

0.009

0.009

0.009

20,958

2.20%

7,116

1.34%

0.0005

0.007

0.07

0.21

1.2

1

RLs (reporting limits) for fonofos varied but did not exceed 0.003 µg/L. See Chapter 2 for more information. Note that because this
EPA analysis involves more data points than the USGS analyses presented above, a direct comparison is not possible.

9.3.3

Drinking Water Occurrence

Nationally representative data on fonofos occurrence in drinking water have been
collected by large and small public water systems in accordance with EPA’s First Unregulated
Contaminant Monitoring Regulation (UCMR 1). For a detailed description of UCMR 1, see
Chapter 2 and USEPA (2008).
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UCMR 1
UCMR 1 monitoring was conducted primarily between 2001 and 2003. As a List 2
contaminant, fonofos was scheduled to be monitored by 300 public water systems, including
both large and small systems. The data presented in this report reflect UCMR 1 analytical
samples submitted and quality-checked under the regulation as of March 2006. Fonofos data
were collected and submitted by 178 (98.9 percent) of the 180 small systems selected for the
small system sample and 117 (97.5 percent) of the 120 large systems selected for the large
system sample. These included two systems in South Dakota, twelve systems in North Carolina,
and four systems in South Carolina (States where fonofos use is particularly intensive). The data
have been analyzed at the level of simple detections (at or above the minimum reporting level, ≥
MRL, or ≥ 0.5 µg/L), exceedances of the health reference level (> HRL, or > 10 µg/L), and
exceedances of one-half the value of the HRL (> 2 HRL, or > 5 µg/L).
Results of the analysis are presented in Exhibits 9-6 and 9-7. No detections of fonofos
were found in any samples, and thus there were also no exceedances of the HRL or one-half the
HRL.
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Exhibit 9-6: Summary UCMR 1 Occurrence Statistics for Fonofos in Small
Systems
UCMR Data Small Systems

National System &
Population Numbers1

643

--

0.00%

--

99 Percentile Concentration (all samples)

< MRL

--

Health Reference Level (HRL)

10 µg/L

--

Minimum Reporting Level (MRL)

0.5 µg/L

--

Maximum Concentration of Detections

< MRL

--

99 Percentile Concentration of Detections

< MRL

--

Median Concentration of Detections

< MRL

--

178
114
64

60,414
56,072
4,342

508,136
275,185
232,951
Number
Percentage

45,414,590
36,224,336
9,190,254

Frequency Factors
Total Number of Samples
Percent of Samples with Detections
th

th

Total Number of PWSs
Number of GW PWSs
Number of SW PWSs
Total Population
Population of GW PWSs
Population of SW PWSs
Occurrence by System
PWSs (GW & SW) with Detections (> MRL)

0

0.00%

National Extrapolation2
0

PWSs (GW & SW) > 1/2 HRL

0

0.00%

0

PWSs (GW & SW) > HRL
Occurrence by Population Served

0

0.00%

0

Population Served by PWSs with Detections

0

0.00%

0

Population Served by PWSs > 1/2 HRL

0

0.00%

0

Population Served by PWSs > HRL

0

0.00%

0

th
1. Total PWS and population numbers are from EPA September 2004 Drinking Water Baseline Handbook, 4 edition.
2. National extrapolations are generated separately for each population-served size stratum and then added to yield the national estimate of GW
PWSs with detections (and population served) and SW PWSs with detections (and population served). For intermediate calculations at the level of
individual strata, see EPA=s UCMR 1 Occurrence Report, entitled A The Analysis of Occurrence Data from the First Unregulated Contaminant
Monitoring Regulation (UCMR 1) in Support of Regulatory Determinations for the Second Drinking Water Contaminant Candidate List.@

Abbreviations:
PWS = Public Water Systems; GW = Ground Water; SW = Surface Water; N/A = Not Applicable; Total Number of Samples = the total number of
samples on record for the contaminant; 99th Percentile Concentration = the concentration in the 99th percentile sample (out of either all samples or just
samples with detections); Median Concentration of Detections = the concentration in the median sample (out of samples with detections); Total Number
of PWSs = the total number of PWSs for which sampling results are available; Total Population Served = the total population served by PWSs for which
sampling results are available; PWSs with detections, PWSs > 2 HRL, or PWSs > HRL = PWSs with at least one sampling result greater than or equal
to the MRL, exceeding the 2 HRL benchmark, or exceeding the HRL benchmark, respectively; Population Served by PWSs with detections, by PWSs
> 2 HRL, or by PWSs > HRL = population served by PWSs with at least one sampling result greater than or equal to the MRL, exceeding the 2 HRL
benchmark, or exceeding the HRL benchmark, respectively.
Notes:
-Small systems are those that serve 10,000 persons or fewer.
-Only results at or above the MRL were reported as detections. Concentrations below the MRL are considered non-detects.
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Exhibit 9-7: Summary UCMR 1 Occurrence Statistics for Fonofos in Large
Systems
UCMR Data Large Systems

Frequency Factors
Total Number of Samples

1,663

Percent of Samples with Detections

0.00%

99th Percentile Concentration (all samples)

< MRL

Health Reference Level (HRL)

10 µg/L

Minimum Reporting Level (MRL)

0.5 µg/L

Maximum Concentration of Detections

< MRL

th

99 Percentile Concentration of Detections

< MRL

Median Concentration of Detections

< MRL

Total Number of PWSs
Number of GW PWSs
Number of SW PWSs

117
50
67

Total Population
Population of GW PWSs
Population of SW PWSs
Occurrence by System

40,259,344
8,000,122
32,259,222

PWSs (GW & SW) with Detections (> MRL)

Number

Percentage

0

0.00%

PWSs (GW & SW) > 1/2 HRL

0

0.00%

PWSs (GW & SW) > HRL
Occurrence by Population Served

0

0.00%

Population Served by PWSs with Detections

0

0.00%

Population Served by PWSs > 1/2 HRL

0

0.00%

Population Served by PWSs > HRL

0

0.00%

Abbreviations:
PWS = Public Water Systems; GW = Ground Water; SW = Surface Water; N/A = Not Applicable; Total Number of Samples = the total number of
samples on record for the contaminant; 99th Percentile Concentration = the concentration in the 99th percentile sample (out of either all samples or just
samples with detections); Median Concentration of Detections = the concentration in the median sample (out of samples with detections); Total Number
of PWSs = the total number of PWSs for which sampling results are available; Total Population Served = the total population served by PWSs for which
sampling results are available; PWSs with detections, PWSs > 2 HRL, or PWSs > HRL = PWSs with at least one sampling result greater than or equal
to the MRL, exceeding the 2 HRL benchmark, or exceeding the HRL benchmark, respectively; Population Served by PWSs with detections, by PWSs
> 2 HRL, or by PWSs > HRL = population served by PWSs with at least one sampling result greater than or equal to the MRL, exceeding the 2 HRL
benchmark, or exceeding the HRL benchmark, respectively.
Notes:
-Large systems are those that serve more than 10,000 persons.
-Only results at or above the MRL were reported as detections. Concentrations below the MRL are considered non-detects.
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Summary Analysis of Combined Large and Small System UCMR 1 Data
None of the 2,306 samples from the 295 public water systems (PWSs) sampled (serving a
population of 41 million) contained detects for fonofos at the MRL of 0.5 µg/L. Hence, these
data indicate that no occurrence and exposure is expected at levels greater than 5 µg/L (½ the
HRL) and greater than 10 µg/L (the HRL).
Pesticides in Ground Water Database (PGWDB)
The Pesticides in Ground Water Database (PGWDB) is a compilation of data from
ground water studies conducted by federal, State, and local governments, the pesticide industry,
and other institutions between 1971 and 1991 (USEPA, 1992). Most of the data are from
drinking water wells. Since PGWDB data come from multiple sources, they should be
interpreted with caution. Results might be biased high, because areas with suspected
contamination are likely to have been sampled more frequently than pristine areas. For more
information on the PGWDB, see Chapter 2.
According to the data compiled in the PGWDB, fonofos was detected in 18 (0.4 percent)
of 4,446 wells sampled. The detections were found in 5 out of 13 States where fonofos was
investigated. Concentrations ranged from 0.11 to 0.90 µg/L in Iowa, from 0.007 to 0.05 µg/L in
Oregon, and from 0.007 to 0.06 µg/L in South Dakota; one Montana well had a concentration of
0.43 µg/L and one Maine well had a concentration of 0.05 µg/L. These detections were all well
below the HRL of 10 µg/L (USEPA, 1992).

9.4 Technology Assessment
9.4.1

Analytical Methods

EPA evaluated the availability of analytical methods for all of the unregulated
contaminants considered for UCMR 1 (64 FR 50556; September 17, 1999). Sources for these
methods include publications by EPA and voluntary consensus standard organizations, such as
the American Society for Testing and Materials (ASTM), the Association of Analytical
Communities (AOAC), and the American Public Health Association (APHA).
Fonofos is a UCMR 1 List 2 contaminant that can be detected in drinking water using
EPA Method 526. This method was approved in the UCMR 1 List 2 Rule (66 FR 2273; January
11, 2001) for monitoring fonofos. EPA Method 526 relies on solid phase extraction (SPE)
followed by capillary column gas chromatography coupled with mass spectrometry (GC/MS). A
full description of EPA Method 526 can be found in EPA’s Methods for the Determination of
Organic and Inorganic Compounds in Drinking Water, Volume 1 (USEPA, 2000a). A brief
summary of the method is provided below.
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EPA Method 526
For EPA Method 526 (Revision 1.0), “Determination of Selected Semivolatile Organic
Compounds in Drinking Water by Solid Phase Extraction and Capillary Column Gas
Chromatography/Mass Spectrometry (GC/MS),” target analytes are extracted from a water
sample by passing the water through a SPE disk or cartridge containing
polystyrenedivinylbenzene (SDVB). The extract is then dried, concentrated and diluted by the
addition of internal standards. An aliquot of the extract is injected into a gas chromatograph
with a high resolution fused silica capillary column to separate the components. The analytes are
transferred from the capillary column to the mass spectrometer and subsequently identified.
Mass spectrometry is advantageous as a detection method since it reports few false positive
results compared to conventional detection methods (USEPA, 2000b).
The method detection limit (MDL) for fonofos demonstrated by Method 526 ranges from
0.022 to 0.06 µg/L depending upon the extraction media used (USEPA, 2000b). The average
recovery for fonofos using Method 526 ranges from 89 to 109 percent, depending on the method
option used (USEPA, 2000b). 1
9.4.2

Treatment Technologies

Treatment technology status does not influence the determination of whether or not a
contaminant should be regulated. However, treatment technologies must be readily available
before a contaminant can be regulated with a national primary drinking water regulation
(NPDWR). There is no evidence that fonofos is substantially removed by conventional
treatments, such as coagulation/flocculation, sedimentation, and inert media filtration. Potential
treatment technologies include activated carbon, reverse osmosis, and advanced oxidation.
Granular activated carbon (GAC) treatment removes contaminants via the physical and
chemical process of sorption: the contaminants attach to the carbon surface as water passes
through the carbon bed. Activated carbon has a large sorption capacity for many water
impurities, including synthetic organic chemicals, taste- and odor-causing compounds, and some
species of mercury.
Adsorption capacity is typically represented by the Freundlich isotherm constant, with
higher Freundlich (K) values indicating greater sorption potential. Activated carbon is
considered to be cost-effective for removing a particular contaminant if the Freundlich (K) value
1

The Method Detection Limit (MDL) is a statistical estimate of the minimum concentration of a substance that can
be measured and reported with 99 percent confidence that the analyte concentration is greater than zero, i.e., greater
than the background signal. The calculation of the MDL is based upon the precision of a series of replicate
measurements of the analyte at low concentrations. The MDL incorporates estimates of the accuracy of the
determination. The MDL is not a concentration that can typically be measured by the method on a routine basis.
Detection limits may vary between analysts and laboratories under various laboratory conditions.
The average recovery is the fraction or percent concentration of a target analyte determined relative to the true or
expected concentration from a sample containing a known amount of the target analyte. (This can result in apparent
recovery values greater than 100 percent.)
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of the contaminant is above 200 µg/g (L/µg)1/n (Speth et al., 2001). Speth et al. (2001) report
that the Freundlich (K) value for fonofos is 251,000 µg/g (L/µg)1/n, which indicates that GAC is
a promising treatment option.
Reverse osmosis (RO) is similar to other membrane processes, such as ultrafiltration and
nanofiltration, in that water passes through a semi-permeable membrane. However, in the case
of RO, the membrane is non-porous. RO involves the use of applied hydraulic pressure to
oppose the osmotic pressure across the membrane, forcing the water from the concentratedsolution side to the dilute-solution side. The water dissolves into the membrane, diffuses across,
then dissolves out into the permeate. Most inorganic and many organic contaminants are
rejected by the membrane and will be retained in the concentrate.
USEPA (2000c) report that the organophosphate class of pesticides can be removed with
97.8 to 99 percent efficiency using a cellulose acetate membrane and 98.5 to 100 percent
efficiency using a thin-film composite membrane. These results indicate that RO is a promising
option for removal of fonofos in drinking water.

9.5 Regulatory Determination
The Agency has made a determination not to regulate fonofos with an NPDWR. Because
fonofos does not appear to occur at health levels of concern in PWSs, the Agency believes that
an NPDWR does not present a meaningful opportunity for health risk reduction. While fonofos
has been found in ambient waters at levels less than the HRL of 10 µg/L (as well as ½ the HRL),
it was not found in UCMR 1 Screening Survey of public water supplies. Fonofos was
voluntarily cancelled in 1998 and the Agency expects any remaining stocks and releases into the
environment to decline. In addition, since fonofos tends to bind strongly to soil, any releases to
the environment are not likely to contaminant source waters.
The Agency’s regulatory determination for this contaminant is presented formally in the
Federal Register.
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Executive Summary
Terbacil, a synthetic organic compound (SOC), is a selective herbicide used to control
broadleaf weeds and grasses on terrestrial food/feed crops (e.g., apples, mint, peppermint,
spearmint, and sugarcane), terrestrial food (e.g., asparagus, blackberry, boysenberry, dewberry,
loganberry, peach, raspberry, youngberry, and strawberry), terrestrial feed (e.g., alfalfa, forage,
and hay) and forest trees (e.g., cottonwood).
Terbacil is a persistent and potentially mobile herbicide in terrestrial environments.
Because of its low affinity to soils, it can potentially leach into ground and/or surface waters.
In acute and subchronic toxicity studies, terbacil is practically non-toxic. Terbacil is not
considered to be a developmental or reproductive toxicant. Terbacil shows no evidence of
carcinogenicity and is considered unlikely to be carcinogenic to humans (Group E). Terbacil is
not mutagenic.
In chronic dietary exposure studies in animals, the liver is a primary target organ.
The reference dose (RfD) of 0.013 mg/kg/day for terbacil is calculated from a two-year chronic
study in beagle dogs. The lowest-observed-adverse-effect level (LOAEL) of 6.25 mg/kg/day
was based on increased thyroid-to-body weight ratios, slight increases in liver weights, and
elevated alkaline phosphatase levels with a no-observed-adverse-effect level (NOAEL) of 1.25
mg/kg/day. In deriving the RfD, the Agency applied an uncertainty factor of 100 to account for
interspecies and intraspecies differences. Using the RfD of 0.013 mg/kg/day and applying a 20
percent screening relative source contribution, the Agency derived a health reference level
(HRL) of 0.090 mg/L (or 90 µg/L) for terbacil.
EPA also evaluated whether health information is available regarding the potential
effects on children and other sensitive populations. In the case of terbacil, the Agency
determined that the RfD is adequately protective of children. No other potentially sensitive
subpopulation has been identified.
In 1998, EPA estimated that agricultural usage consumed approximately 221,000 to
447,000 pounds of terbacil annually and non-agricultural usage consumed approximately 9,000
to 14,000 pounds. These estimates are based on data collected mostly between 1990 and 1995,
and in some cases as early as 1987. According to the National Center for Food and Agricultural
Policy (NCFAP), approximately 298,000 pounds of terbacil were applied annually in agriculture
around 1992 and approximately 342,000 pounds were applied around 1997.
The Toxics Release Inventory (TRI) provides information on industrial releases of
terbacil. Data are reported from a single State, Texas, for the time period covering 1995 to 1997.
During this three-year period, all reported releases were on-site releases to surface water; these
releases varied between 3,000 to 10,000 pounds annually.
Data on the ambient occurrence of terbacil are available from the first monitoring cycle
(1992-2001) of the United States Geological Survey’s (USGS’s) National Water Quality
Assessment (NAWQA) program. While the USGS detected terbacil in both surface and ground
waters, in all land use settings the 95th-percentile concentration was less than 0.034 µg/L (the
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USGS reporting limit). The maximum surface water concentration, 0.54 µg/L (found in an
agricultural setting), and the maximum ground water concentration, 0.891 µg/L (found in a
mixed land use setting), are both less than the HRL and ½ the HRL.
In order to determine the extent of terbacil contamination of drinking water, EPA
included terbacil as an analyte in the first Unregulated Contaminant Monitoring Regulation
(UCMR 1). None of the 3,873 public water systems (PWSs) sampled (serving a total population
of 226 million) had detections of terbacil at or above the minimum reporting level (MRL) of 2
µg/L. These data indicate that no occurrence and exposure is expected at levels greater than the
HRL (90 µg/L) or even ½ the HRL (45 µg/L).
EPA also evaluated several sources of supplemental information on terbacil occurrence
in drinking water. In the National Pesticide Survey, which collected samples from
approximately 1,300 community water systems and rural drinking water wells between 1988 and
1990, terbacil was not detected (using a minimum reporting limit of 1.7 µg/L). The Pesticides in
Ground Water Database indicates that terbacil was found in 6 of 288 ground water wells in 6
States. Terbacil was found in 1 ground water well in Oregon (at a concentration of 8.9 µg/L) and
5 ground water wells in West Virginia (with concentrations ranging from 0.3 to1.2 µg/L). None
of the detections exceeded the HRL or ½ the HRL.
The Agency has made a determination not to regulate terbacil with a national primary
drinking water regulation (NPDWR). Because terbacil does not appear to occur at health levels
of concern in PWSs, the Agency believes that an NPDWR does not present a meaningful
opportunity for health risk reduction.
The Agency’s regulatory determination for this contaminant is presented formally in the
Federal Register.
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10 Terbacil
10.1 Definition
Terbacil is a synthetic organic compound (SOC), specifically a substituted uracil. The
Chemical Abstracts Service (CAS) name for terbacil is 3-tert-butyl-5-chloro-6-methyluracil, and
its registry number is 5902-51-2. Terbacil=s trade names include Sinbar (most common), DuPont
732, and Geonter. In the United States, it is manufactured in Delaware by DuPont Agricultural
Products.
10.1.1 Properties and Sources
Terbacil is an odorless, white crystalline solid, most often available as a wettable powder
(Extoxnet, 1994). As a selective herbicide, it acts by inhibiting photosynthesis. Terbacil is used
to control annual and perennial grasses and broad-leaf weeds in agricultural fields and fruit and
nut orchards. Occasionally, terbacil will be found in mixed formulations with other herbicides.
As a synthetic compound, it does not occur naturally. Some physical and chemical properties of
terbacil are listed in Exhibit 10-1.
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Exhibit 10-1: Physical and Chemical Properties of Terbacil
Identification
CAS number

5902-51-2

Molecular Formula

C9H13ClN2O2
Physical and Chemical Properties

Boiling Point

-----

Melting Point

175 - 177 °C 1

Molecular Weight

216.67 g/mol 1

Log Koc

1.64 - 1.93 2

Log Kow

1.89 3

Water Solubility

710 mg/L at 25 °C 4

Vapor Pressure

4.7 x 10-7 mm Hg at 29.5 ° C 5

Henry=s Law Constant

2.7 x 10-10 atm-m3/mole 2
7.8 x 10-9 (dimensionless), predicted 6
4.8 x 10-9 (dimensionless), from literature 6

Freundlich Isotherm Constant (K)

69,300 (µg/g)(L/µg)1/n 6

1

Budavari, 1996 (as cited in HSDB, 2004)

2

HSDB, 2004

3

Hansch et al., 1995 (as cited in HSDB, 2004)

4

Tomlin, 1997 (as cited in HSDB, 2004)

5

Ahrens, 1994 (as cited in HSDB, 2004)

6

Speth et al., 2001

10.1.2 Environmental Fate and Behavior
Because terbacil is applied to fields and orchards by ground or aerial spraying, it can
contaminate the air, soil, and water. Terbacil is persistent, slow to degrade, and potentially very
mobile in the environment. It can undergo photodegradation in surface soil, but this process is
slow, with a calculated half-life of 122 days (Barefoot, 1986 as cited in USEPA, 1998).
Terbacil=s aerobic and anaerobic half-lives in soil have been measured at 653 days and 235 days,
respectively (Atkins et al., 1992a, 1992b both as cited in USEPA, 1998). Thus, in some cases,
terbacil can remain in the soil for more than one growing season. The persistence of terbacil
varies depending on the application rate, soil type, availability of oxygen, and rainfall (Extoxnet,
1994). Field dissipation studies found terbacil half-lives of 204 days on silty clay soil, 212 days
on silt loam soil, and 252 days on sandy loam soil (Dupont, 1995 as cited in USEPA, 1998).
Where soil moisture is adequate, terbacil is subject to microbial degradation, although few data
are available on the degradation rates and products.
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Terbacil exhibits low affinity for adsorption to soil (see Exhibit 10-1). This
characteristic, combined with moderate water solubility, explains its mobility in the
environment. Terbacil is capable of leaching through the soil column and contaminating ground
water. Leaching appears to occur more readily in sandy or coarse soils than in organic or finetextured soils (Extoxnet, 1994). In the field dissipation studies mentioned above (DuPont, 1995
as cited in USEPA, 1998), aerially applied terbacil was later detected in the soil at depths of up
to 45 to 50 cm (USEPA, 1998). In laboratory tests, terbacil leached through several different 30
cm soil columns, and was detected primarily in the leachate (Atkins, 1992c as cited in USEPA,
1998). Also observed in the leachate were several terbacil degradates, including t-butylurea, 3-tbutyl-6-methyluracil, and 6-chloro-2,3-dihydro-7-(hydroxymethyl)-3,3-dimethyl-5Hoxazolo(3,2-a)pyrimidin-5-one.
Terbacil can enter surface waters either directly through deposition of spray drift from
application or indirectly in runoff from treated soil. It appears to be stable to abiotic hydrolysis
at a wide range of pH values, but is susceptible to slow photodegradation, with a half-life of 29
days in standard reference water under natural sunlight (Rhodes, 1975 as cited in USEPA, 1998).
If the water contains suspended sediments or particulate material, the rate of photolysis is even
slower. Certain compounds, such as methylene blue or riboflavins, act as photosensitizers and
can accelerate the light-mediated decomposition process. Modeling studies conducted by EPA
suggest that terbacil may accumulate in the range of 28 to 1,470 µg/L in surface water and up to
125 µg/L in ground water (USEPA, 1998). There are currently no data on aerobic metabolism of
terbacil in water.
Terbacil has a low vapor pressure and a low Henry=s constant, and thus is unlikely to be
found in significant concentrations in the atmosphere (USEPA, 1998).

10.2 Health Effects
In acute and subchronic toxicity studies, terbacil is practically non-toxic (Haskell
Laboratories, 1965a, 1965b both as cited in USEPA, 1998). Terbacil does not cause dermal
sensitivity in rabbits or guinea pigs and causes mild conjunctival eye irritation in rabbits (Henry,
1986; Hood, 1966 both as cited in USEPA 1998). In rats exposed subchronically to dietary
terbacil, effects were seen at a lowest-observed-adverse-effect level (LOAEL) of 25 mg/kg/day
and included increased absolute and relative liver weights, vacuolization, and enlargement of
liver cells (Wazeter et al.,1964; Haskell Laboratories, 1965c both as cited in USEPA, 1998).
A primary target organ in rats following exposure to terbacil is the liver. Chronic effects
of dietary terbacil exposure in two-year studies included increases in thyroid-to-body weight
ratios, slight increases in liver weights and elevated alkaline phosphatase levels in beagle dogs,
significant decreases in body weight in rats, increases in serum cholesterol levels and increases
in liver to body weight ratios in rats (Wazeter et al.,1967a; Malek, 1993 both as cited in USEPA,
1998). In beagle dogs, effects were seen at or above 6.25 mg/kg/day
(no-observed-adverse-effect level [NOAEL] = 1.25 mg/kg/day). In rats, effects (i.e., decreases
in body weight, increases in liver weights and cholesterol levels) were seen at higher levels
(LOAELs = 56 mg/kg/day for males and 83 mg/kg/day for females).
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Terbacil is not considered to be a developmental or reproductive toxicant. In
developmental studies, maternal effects were generally seen prior to or at the same levels as
developmental effects. Haskell Laboratories (1980 as cited in USEPA, 1998) reported maternal
effects (i.e., decreased body weight) and significant decreases in the number of live fetuses per
litter due to early fetal resorption at a LOAEL of 62.5 mg/kg/day in rats. In rabbits administered
terbacil via gavage, the maternal and developmental LOAELs were equal (600 mg/kg/day).
Maternal toxicity was based on the death of the dams and developmental toxicity was based on a
decrease in live fetal weights (Solomon, 1984 as cited in USEPA, 1998). No reproductive
effects were seen in a three-generation study where terbacil was administered to male and female
rats at dose levels of 2.5 and 12.5 mg/kg/day (Wazeter et al., 1967b as cited in USEPA, 1998).
Terbacil is not mutagenic. Terbacil was tested and found negative in a chromosomal
aberration study in rat bone marrow cells, found negative in a gene mutation assay (with and
without S9 activation), and found negative for deoxyribonucleic acid (DNA) synthesis when
tested up to cytotoxic levels in rats (Cortina, 1984; Haskell Laboratories, 1984 as cited in
USEPA, 1998). Terbacil shows no evidence of carcinogenicity and is unlikely to be
carcinogenic to humans (Group E) (USEPA, 1998).
The reference dose (RfD) of 0.013 mg/kg/day for terbacil (USEPA, 1998) is calculated
from a two-year chronic study in beagle dogs. The LOAEL of 6.25 mg/kg/day was based on
increased thyroid-to-body weight ratios, slight increases in liver weights, and elevated alkaline
phosphatase levels with a NOAEL of 1.25 mg/kg/day. In deriving the RfD, the Agency applied
an uncertainty factor of 100 to account for interspecies and intraspecies differences. Using the
RfD of 0.013 mg/kg/day and applying a 20 percent screening relative source contribution, the
Agency derived a health reference level (HRL) of 0.090 mg/L (or 90 µg/L) for terbacil.
EPA also evaluated whether health information is available regarding the potential
effects on children and other sensitive populations. In the case of terbacil, the Agency
determined that there was no need to apply a Food Quality Protection Act (FQPA) factor to the
RfD in order to protect children (USEPA, 1998). Other potentially sensitive subpopulations
have not been identified.

10.3 Occurrence and Exposure
10.3.1 Use and Environmental Release
Terbacil (3-tert-butyl-5-chloro-6-methyl uracil) is manufactured by E.I. DuPont de
Nemours and Company, Inc. It is marketed under several trade names, including Sinbar, DuPont
Herbicide 732, and Geonter. Terbacil is currently registered for use as an herbicide on terrestrial
food and feed crops, including apple, mint, sugarcane, asparagus, blackberry, boysenberry,
dewberry, loganberry, peach, raspberry, youngberry, and strawberry, as well as for applications
on ornamentals and in forestry, particularly for cottonwoods. Terbacil is not currently registered
for residential use. Terbacil is generally applied by spraying, either from tractor-mounted booms
or from aircraft (USEPA, 1998).
EPA has estimated that agricultural usage of terbacil consumes approximately 221,000 to
447,000 pounds of active ingredient (a.i.) annually, and non-agricultural usage consumes
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approximately 9,000 to 14,000 pounds. These estimates are based on data collected mostly
between 1990 and 1995, and in some cases as early as 1987 (USEPA, 1998).
The National Center for Food and Agricultural Policy (NCFAP) estimates of national
agricultural terbacil use indicate an increase during the 1990s. According to NCFAP, around
1992 approximately 298,000 pounds of terbacil a.i. were applied annually to 12 types of crops on
353,000 acres, and in 1997 approximately 342,000 pounds a.i. were applied annually to 13 types
of crops on 357,000 acres. NCFAP estimates are based on State-level commercial agriculture
usage patterns for the periods 1990-1993 and 1995-1998, and State-level crop acreage for 1992
and 1997 (NCFAP, 2004). For more information on NCFAP pesticide use estimates, see
Chapter 2.
The United States Geological Survey (USGS) combined data collected by NCFAP with
data from the Census of Agriculture to estimate that 285,000 pounds of terbacil a.i. per year were
used on approximately 4.0 million agricultural acres in the early 1990s (Thelin and Gianessi,
2000). While USGS has not published national estimates for 1997, an estimate of approximately
317,000 pounds a.i. can be inferred from the “total pounds applied” and “percent national use”
data in the 1997 geographical distribution map (Exhibit 10-2).
Exhibit 10-2 shows the estimated geographic distribution and intensity of typical annual
terbacil use in the United States in the late 1990s. A breakdown of use by crop is also included.
The map was created by USGS using State-level data sets on pesticide use rates from 1995-1998
compiled by NCFAP, combined with county-level data on harvested crop acreage obtained from
the 1997 Census of Agriculture (USGS, 2004). Due to the nature of the data sources, nonagricultural uses are not reflected on the map and variations in use at the county-level are also
not well represented (Thelin and Gianessi, 2000). For background on the USGS pesticide use
maps, see Chapter 2. The map indicates that terbacil is commonly used in the Pacific Northwest,
the Northeast, the Great Lakes Region, and parts of the South and Southwest.
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Exhibit 10-2: Estimated Annual Agricultural Use of Terbacil, c. 1997

Source: USGS, 2004

Terbacil is listed as a Toxics Release Inventory (TRI) chemical. TRI data for terbacil
(see Exhibit 10-3) are reported for the years 1995 to 1997. During that three-year period, all
reported releases were on-site releases to surface water. These releases were all in Texas
(USEPA, 2006). For a discussion of the limitations of TRI data, see Chapter 2.

Exhibit 10-3: Environmental Releases (in pounds) of Terbacil in the United
States, 1995-1997
Year
1995
1996
1997

On-Site Releases
Air
Surface Water Underground
Emissions
Discharges
Injection
0
4,608
0
0
3,835
0
0
10,318
0

Source: USEPA, 2006
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Releases
to Land
0
0
0

Off-Site
Releases
0
0
0
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10.3.2 Ambient Water Occurrence
Ambient lakes, rivers, and aquifers are the source of most drinking water. Data on the
occurrence of terbacil in ambient surface and ground water are available from the National
Water Quality Assessment (NAWQA) program of the USGS. For details on this program, see
the discussion in Chapter 2. NAWQA data have been analyzed independently by USGS and
EPA.
NAWQA National Pesticide Synthesis
Under the NAWQA program, USGS monitored terbacil between 1992 and 2001 in
representative watersheds and aquifers across the country. Reporting limits varied but did not
exceed 0.034 µg/L. All concentrations determined for terbacil are estimated concentrations.
In surface water (Exhibit 10-4), terbacil was detected at frequencies ranging from 1.40%
of samples in undeveloped settings to 1.82% in mixed land use settings, 1.98% in urban settings,
and 4.52% in agricultural settings. The 95th percentile concentrations were less than the
reporting limit in all settings. The highest concentration, 0.540 µg/L, was found in an
agricultural setting (Martin et al., 2003).

Exhibit 10-4: USGS National Synthesis Summary of NAWQA Monitoring of
Terbacil in Ambient Surface Water, 1992-2001
Land Use
Type
Agricultural
Mixed
Undeveloped
Urban

No. of
Samples
(and No. of
Sites)
1,858 (77)
996 (46)
60 (4)
896 (33)

Detection
Frequency

50th Percentile
(Median)
Concentration

95th Percentile
Concentration

Maximum
Concentration

4.52%
1.82%
1.40%
1.98%

<RL
<RL
<RL
<RL

<RL
<RL
<RL
<RL

0.540 µg/L
0.341 µg/L
0.092 µg/L
0.035 µg/L

Notes:
RL = Reporting limit. Reporting limits for terbacil varied, but did not exceed 0.034 µg/L.
All terbacil concentrations are estimated concentrations.
The USGS Pesticide National Synthesis used one year of data, generally the year with the most sampling results, to represent each
site in this analysis. The sampling results were time-weighted, to eliminate bias from more frequent sampling at certain times of
year. Detection Frequencies and Percentile Concentrations can be interpreted as representing annual occurrence. For instance,
the detection frequency can be thought of as the percent of the year in which detections are found at a typical site in this land use
th
category, and the 95 percentile concentration can be thought of as a concentration that is not exceeded for 95% of the year at a
typical site in this land use category.
Source: Martin et al., 2003

In ground water (Exhibit 10-5), terbacil detection frequencies ranged from 0.0% in
undeveloped settings to 0.26% in mixed land use (major aquifer) settings, 0.76% in agricultural
settings, and 1.20% in urban land use settings. The 95th percentile concentrations were less than
the reporting limit in all settings. The highest concentration, 0.891 µg/L, was in a mixed land
use (major aquifer) setting (Kolpin and Martin, 2003).
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Exhibit 10-5: USGS National Synthesis Summary of NAWQA Monitoring of
Terbacil in Ambient Ground Water, 1992-2001
Land Use
Type

No. of
Wells

Detection
Frequency

Agricultural
Mixed (Major
Aquifer)
Undeveloped
Urban

1,438

0.76%

50th Percentile
(Median)
Concentration
<RL

2,708

0.26%

67
830

0.0%
1.20%

95th Percentile
Concentration

Maximum
Concentration

<RL

0.495 µg/L

<RL

<RL

0.891 µg/L

<RL
<RL

<RL
<RL

<RL
0.093 µg/L

Notes:
RL = Reporting limit. Reporting limits for terbacil varied, but did not exceed 0.034 µg/L.
All terbacil concentrations are estimated concentrations.
The USGS Pesticide National Synthesis considered each well a distinct site in this analysis. Each well was represented by one
sample: normally the first one taken, but possibly a later sample if the first sample was not analyzed for the full range of analytes.
Percentile Concentrations were drawn from the range of detects and non-detects. The method for calculating Percentile
Concentrations varied depending on how much of the data was censored at particular levels by the laboratory.
Source: Kolpin and Martin, 2003

EPA Summary Analysis of NAWQA Data
Whereas the NAWQA program often uses the most representative data for a site to
calculate summary statistics, EPA, with the cooperation of USGS, has performed a summary
analysis of all Cycle 1 water monitoring data from all study units (1991-2001) for many of the
Second Contaminant Candidate List (CCL 2) contaminants being considered for regulatory
determination, including terbacil. Detection frequencies were simply computed as the
percentage of samples and sites with detections (i.e., with at least one result equal to or greater
than the reporting limit). Note that reporting limits were not uniform. Sample detections can be
biased by frequent sampling in areas with high (or low) occurrence. Calculating the percentage
of sites with detections can reduce this bias. For more details on the data set and the EPA
analysis, see Chapter 2.
The results of the EPA analysis are presented in Exhibit 10-6. Overall, terbacil was
detected in 2.7% of samples and at 2.8% of sites. Terbacil was detected more frequently in
surface water than in ground water. Although the highest concentration (1.52 µg/L) was found
in surface water, in general ground water concentrations tended to be higher than surface water
concentrations.
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Exhibit 10-6: EPA Summary Analysis of Terbacil Data from NAWQA Study Units,
1992-2001
Concentration Values
Detection Frequency
(detections are results ≥ RL1)
(of detections, in µg/L)
%
95th
% Sites
99th
Number
Samples
Number
Minimum Median Percen- Percenof
with
of Sites
with
Samples
Detections
tile
tile
Detections
surface
water
ground
water
all
sites

Maximum

14,885

3.6%

1,900

8.5%

0.0021

0.0215

0.208

0.72

1.52

6,355

0.7%

5,200

0.7%

0.003

0.0273

0.891

1.05

1.05

21,240

2.7%

7,100

2.8%

0.0021

0.0219

0.260

0.921

1.52

1

RLs (Reporting Limits) for terbacil varied but did not exceed 0.034 µg/L. For more information, see Chapter 2. Note that because
this EPA analysis involves more data points than the USGS analyses presented above, a direct comparison is not possible.

10.3.3 Drinking Water Occurrence
Nationally representative data on terbacil occurrence in drinking water have been
collected by large and small public water systems in accordance with EPA=s First Unregulated
Contaminant Monitoring Regulation (UCMR 1). For a complete description of the UCMR, see
Chapter 2 and USEPA (2008). In addition, historical data are available from the Pesticides in
Ground Water Database.
UCMR 1
UCMR 1 monitoring was conducted primarily between 2001 and 2003, though some
results were not collected and reported until as late as 2006. As a List 1 contaminant, terbacil
was scheduled to be monitored by all large community water systems (CWSs) and non-transient
non-community water systems (NTNCWSs) and a statistically representative sample of small
CWSs and NTNCWSs. The data presented in this report reflect UCMR 1 analytical samples
submitted and quality-checked under the regulation as of March 2006. Terbacil data were
collected and submitted by 797 (99.6 percent) of the 800 small systems selected for the small
system sample and 3,076 (99.2 percent) of the 3,100 large systems defined as eligible for the
UCMR 1 large system census. Terbacil data have been analyzed at the level of simple detections
(at or above the minimum reporting level, ≥ MRL, or ≥ 2 µg/L), exceedances of the health
reference level (> HRL, or > 90 µg/L), and exceedances of one-half the value of the HRL (> 2
HRL, or > 45 µg/L).
Results of the analysis are presented in Exhibits 10-7 and 10-8. No detections of terbacil
were found in any samples, and thus there were also no exceedances of the HRL or one-half the
HRL.
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Exhibit 10-7: Summary UCMR 1 Occurrence Statistics for Terbacil in Small
Systems (Based on Statistically Representative National Sample of Small
Systems)
UCMR Data Small Systems

Frequency Factors

National System &
Population Numbers1

Total Number of Samples

3,251

--

Percent of Samples with Detections

0.00%

--

99th Percentile Concentration (all samples)

< MRL

--

Health Reference Level (HRL)

90 µg/L

--

Minimum Reporting Level (MRL)

2 µg/L

--

Maximum Concentration of Detections

< MRL

--

99 Percentile Concentration of Detections

< MRL

--

Median Concentration of Detections

< MRL

--

797
590
207

60,414
56,072
4,342

2,760,570
1,939,815
820,755
Number
Percentage

45,414,590
36,224,336
9,190,254

th

Total Number of PWSs
Number of GW PWSs
Number of SW PWSs
Total Population
Population of GW PWSs
Population of SW PWSs
Occurrence by System

National Extrapolation2
0

PWSs (GW & SW) with Detections (> MRL)

0

0.00%

PWSs (GW & SW) > 1/2 HRL

0

0.00%

0

PWSs (GW & SW) > HRL
Occurrence by Population Served

0

0.00%

0

Population Served by PWSs with Detections

0

0.00%

0

Population Served by PWSs > 1/2 HRL

0

0.00%

0

Population Served by PWSs > HRL

0

0.00%

0

th
1. Total PWS and population numbers are from EPA September 2004 Drinking Water Baseline Handbook, 4 edition.
2. National extrapolations are generated separately for each population-served size stratum and then added to yield the national estimate of GW
PWSs with detections (and population served) and SW PWSs with detections (and population served). For intermediate calculations at the level of
individual strata, see EPA=s UCMR 1 Occurrence Report, entitled A The Analysis of Occurrence Data from the First Unregulated Contaminant
Monitoring Regulation (UCMR 1) in Support of Regulatory Determinations for the Second Drinking Water Contaminant Candidate List.@

Abbreviations:
PWS = Public Water Systems; GW = Ground Water; SW = Surface Water; N/A = Not Applicable; Total Number of Samples = the total number of
samples on record for the contaminant; 99th Percentile Concentration = the concentration in the 99th percentile sample (out of either all samples or just
samples with detections); Median Concentration of Detections = the concentration in the median sample (out of samples with detections); Total Number
of PWSs = the total number of PWSs for which sampling results are available; Total Population Served = the total population served by PWSs for which
sampling results are available; PWSs with detections, PWSs > 2 HRL, or PWSs > HRL = PWSs with at least one sampling result greater than or equal
to the MRL, exceeding the 2 HRL benchmark, or exceeding the HRL benchmark, respectively; Population Served by PWSs with detections, by PWSs
> 2 HRL, or by PWSs > HRL = population served by PWSs with at least one sampling result greater than or equal to the MRL, exceeding the 2 HRL
benchmark, or exceeding the HRL benchmark, respectively.
Notes:
-Small systems are those that serve 10,000 persons or fewer.
-Only results at or above the MRL were reported as detections. Concentrations below the MRL are considered non-detects.
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Exhibit 10-8: Summary UCMR 1 Occurrence Statistics for Terbacil in Large
Systems (Based on the Census of Large Systems)
UCMR Data Large Systems

Frequency Factors
Total Number of Samples

30,549

Percent of Samples with Detections

0.00%

th

99 Percentile Concentration (all samples)

< MRL

Health Reference Level (HRL)

90 µg/L

Minimum Reporting Level (MRL)

2 µg/L

Maximum Concentration of Detections

< MRL

th

99 Percentile Concentration of Detections

< MRL

Median Concentration of Detections

< MRL

Total Number of PWSs
Number of GW PWSs
Number of SW PWSs

3,076
1,380
1,696

Total Population
Population of GW PWSs
Population of SW PWSs
Occurrence by System

223,491,907
53,405,539
170,086,368
Number

Percentage

PWSs (GW & SW) with Detections (> MRL)

0

0.00%

PWSs (GW & SW) > 1/2 HRL

0

0.00%

PWSs (GW & SW) > HRL
Occurrence by Population Served

0

0.00%

Population Served by PWSs with Detections

0

0.00%

Population Served by PWSs > 1/2 HRL

0

0.00%

Population Served by PWSs > HRL

0

0.00%

Abbreviations:
PWS = Public Water Systems; GW = Ground Water; SW = Surface Water; N/A = Not Applicable; Total Number of Samples = the total number of
samples on record for the contaminant; 99th Percentile Concentration = the concentration in the 99th percentile sample (out of either all samples or just
samples with detections); Median Concentration of Detections = the concentration in the median sample (out of samples with detections); Total Number
of PWSs = the total number of PWSs for which sampling results are available; Total Population Served = the total population served by PWSs for which
sampling results are available; PWSs with detections, PWSs > 2 HRL, and PWSs > HRL = PWSs with at least one sampling result greater than or
equal to the MRL, exceeding the 2 HRL benchmark, or exceeding the HRL benchmark; Population Served by PWSs with detections, by PWSs > 2
HRL, and by PWSs > HRL = population served by PWSs with at least one sampling result greater than or equal to the MRL, exceeding the 2 HRL
benchmark, or exceeding the HRL benchmark.
Notes:
-Large systems are those that serve more than 10,000 persons.
-Only results at or above the MRL were reported as detections. Concentrations below the MRL are considered non-detects.

Summary Analysis of Combined Large and Small System UCMR Data
None of the 3,873 public water systems (PWSs) sampled (serving a population of 226
million) had detects for terbacil at the MRL of 2 µg/L. Hence, these data indicate that no
occurrence and exposure is expected at levels greater than 45 µg/L (½ the HRL) and greater than
90 µg/L (the terbacil HRL).
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Pesticides in Ground Water Database (PGWDB)
The Pesticides in Ground Water Database (PGWDB) is a compilation of data from
ground water studies conducted by federal, State, and local governments, the pesticide industry,
and other institutions between 1971 and 1991 (USEPA, 1992). Most of the data are from
drinking water wells. Since PGWDB data come from multiple sources, they should be
interpreted with caution. Results might be biased high, because areas with suspected
contamination are likely to have been sampled more frequently than pristine areas. For more
information on PGWDB, see Chapter 2.
According to the data compiled in the PGWDB, terbacil was detected in 6 (2.08 percent)
of 288 wells sampled. The detections were found in 2 out of 6 States where terbacil was
investigated. Terbacil was found in one ground water well in Oregon (at a concentration of 8.9
µg/L) and five ground water wells in West Virginia (with concentrations ranging from 0.3 to1.2
µg/L). All detections were well below the HRL of 90 µg/L (USEPA, 1992).
National Pesticide Survey (NPS)
EPA collected samples from approximately 1,300 CWS wells and rural drinking water
wells between 1988 and 1990 for the National Pesticide Survey (NPS). The survey was
designed to provide a statistically reliable estimate of pesticide occurrence in the nation=s
drinking water wells. For details about NPS, see Chapter 2.
With a minimum reporting limit of 1.7 µg/L, terbacil was not detected in the survey
(USEPA, 1990).

10.4 Technology Assessment
10.4.1 Analytical Methods
EPA evaluated the availability of analytical methods for all of the unregulated
contaminants considered for UCMR 1 in 1999 (64 FR 50556). Sources for these methods
included publications by EPA and by voluntary consensus standard organizations such as the
American Society for Testing and Materials (ASTM), the Association of Analytical
Communities (AOAC), and the American Public Health Association (APHA).
Terbacil is a UCMR List 1 contaminant that can be detected in drinking water using EPA
Methods 507 and 525.2. These methods were approved for the monitoring of terbacil in 1999
(64 FR 50556). EPA Method 507 relies on liquid-liquid extraction (LLE) of the method
analytes, followed by gas chromatography with a nitrogen-phosphorus detector (GC/NPD),
while EPA Method 525.2 relies on liquid-solid extraction (LSE) and capillary column gas
chromatography with mass spectrometry (GC/MS). A full description of both EPA Methods can
be found in EPA=s Methods for the Determination of Organic Compounds in Drinking Water,
Supplement 3 (USEPA, 1995a). Additional methods approved for terbacil include ASTM
Method D5475-93 (ASTM, 1996; 1998) and AOAC International 991.07 (AOAC, 1998).
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The method detection limit (MDL) and the average recovery for each analytical method
that can be used for the analysis of terbacil in water are included in the method descriptions
below. 1
EPA Method 507
In EPA Method 507 (Revision 2.1), “Determination of Nitrogen and PhosphorusContaining Pesticides in Water by Gas Chromatography with a Nitrogen-Phosphorus
Detector,”approximately 1 liter of sample is extracted with methylene chloride by shaking in a
separatory funnel. The methylene chloride extract is separated, dried, and concentrated during a
solvent exchange to methyl tertiary butyl ether (MTBE). Chromatographic conditions are set to
allow for separation and measurement of the analytes in the extract by capillary column
GC/NPD (USEPA, 1995b).
The MDL for terbacil is reported as 0.56 µg/L, and the average recovery is reported to
range from 86 to 102 percent depending on the method option used (USEPA, 1995b).
EPA Method 525.2
In EPA Method 525.2 (Revision 2.0), “Determination of Organic Compounds in
Drinking Water by Liquid-Solid Extraction and Capillary Column Gas Chromatography/Mass
Spectrometry,” analytes are extracted by LSE: a water sample is passed through a disk or
cartridge containing a solid matrix with a chemically bonded C18 organic phase. The organic
compounds are eluted from the LSE disk or cartridge with small amounts of ethyl acetate and
methylene chloride. The analytes are then concentrated by evaporation of some of the solvent.
The concentrated sample extract is analyzed by injecting an aliquot onto a capillary gas
chromatography (GC) column. Compounds eluting from the GC column are characterized by
comparing their measured mass spectra and retention times to reference mass spectra and
retention times (USEPA, 1995c).
The MDL for terbacil is reported to range from 0.22 to 2.1 µg/L, and the average
recovery is reported to range from 97 to 129 percent, depending on the method option used
(USEPA, 1995c).

1

The Method Detection Limit (MDL) is a statistical estimate of the minimum concentration of a substance that can
be measured and reported with 99 percent confidence that the analyte concentration is greater than zero, i.e., greater
than the background signal. The calculation of the MDL is based upon the precision of a series of replicate
measurements of the analyte at low concentrations. The MDL incorporates estimates of the accuracy of the
determination. The MDL is not a concentration that can typically be measured by the method on a routine basis.
Detection limits may vary between analysts and laboratories under various laboratory conditions.
The average recovery is the fraction or percent concentration of a target analyte determined relative to the true or
expected concentration from a sample containing a known amount of the target analyte. (This can result in apparent
recovery values greater than 100 percent.)
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10.4.2 Treatment Technologies
Treatment technology status does not influence the determination of whether or not a
contaminant should be regulated. However, treatment technologies must be readily available
before a contaminant can be regulated with a national primary drinking water regulation
(NPDWR). There is no evidence that terbacil is substantially removed by conventional
treatments, such as coagulation/flocculation, sedimentation, and inert media filtration. Reverse
osmosis is effective in removing many synthetic organic chemicals, but no specific data are
available for terbacil removal. Currently, the most viable known treatment technology is
activated carbon.
Granular activated carbon (GAC) treatment removes contaminants via the physical and
chemical process of sorption: the contaminants attach to the carbon surface as water passes
through the carbon bed. Activated carbon has a large sorption capacity for many water
impurities, including synthetic organic chemicals, taste- and odor-causing compounds, and some
species of mercury.
Adsorption capacity is typically represented by the Freundlich isotherm constant, with
higher Freundlich (K) values indicating greater sorption potential. Activated carbon is
considered to be cost-effective for removing a particular contaminant if the Freundlich (K) value
of the contaminant is above 200 µg/g (L/µg)1/n (Speth et al., 2001). Speth et al. (2001) report
that the Freundlich (K) value for terbacil is 69,300 µg/g (L/µg)1/n, which indicates that GAC is a
promising treatment option.

10.5 Regulatory Determination
The Agency has made a determination not to regulate terbacil with an NPDWR. Because
terbacil does not appear to occur at health levels of concern in PWSs, the Agency believes that
an NPDWR does not present a meaningful opportunity for health risk reduction. While terbacil
has been found in ambient waters at the levels less than the HRL of 90 μg/L (as well as ½ the
HRL), it was not found in the UCMR 1 survey of public water supplies.
The Agency’s regulatory determination for this contaminant is presented formally in the
Federal Register.
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1,1,2,2-Tetrachloroethane

A chapter from:
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Executive Summary
1,1,2,2-Tetrachloroethane, a volatile organic compound (VOC), is not known to occur
naturally in the environment. Prior to the 1980s, 1,1,2,2-tetrachloroethane was synthesized for
use in the production of other chemicals, primarily chlorinated ethylenes. 1,1,2,2Tetrachloroethane was also once used as a solvent to clean and degrease metals, in paint
removers, varnishes, lacquers, and photographic films, and for oil/fat extraction. Commercial
production of 1,1,2,2-tetrachloroethane in the U.S. ceased in the 1980s when other processes to
generate chlorinated ethylenes were developed.
Volatilization from water or soil surfaces to the atmosphere appears to be the primary
dissipation route for 1,1,2,2-tetrachloroethane. In subsurface soils and ground water, 1,1,2,2tetrachloroethane is subject to biodegradation by soil organisms and/or chemical hydrolysis.
Recent studies by the National Toxicology Program (NTP) provide a detailed evaluation
of the short-term and subchronic oral toxicity of 1,1,2,2-tetrachloroethane. In rats and mice
exposed orally, the liver appears to be the primary target organ. The reference dose (RfD) of 10
µg/kg/day for 1,1,2,2-tetrachloroethane was derived from the benchmark dose level (BMDL) for
a 1 standard deviation change in relative liver weight, a biomarker for liver toxicity. A 1,000fold uncertainty factor was applied in the RfD determination.
A National Cancer Institute (NCI) bioassay of 1,1,2,2-tetrachloroethane found clear
evidence of carcinogenicity in male and female B6C3F1 mice based on a dose-related
statistically significant increase in liver tumors. There was equivocal evidence for
carcinogenicity in Osborn Mendel rats. The Agency used the slope factor of 8.5 × 10-2 for the
tumors in female mice to derive the health reference level (HRL) of 0.4 µg/L for use in the
analysis of the occurrence data for 1,1,2,2-tetrachloroethane.
Individuals with preexisting liver and kidney damage would likely be more sensitive to
1,1,2,2-tetrachloroethane exposure than the general public. Low intake of antioxidant nutrients
(e.g., Vitamin E, Vitamin C, and selenium) could be a predisposing factor for liver damage.
Individuals with a genetically low capacity to metabolize dichloroacetic acid (the primary
metabolite of 1,1,2,2-tetrachloroethane) may also be at elevated risk.
Production of 1,1,2,2-tetrachloroethane in the U.S. declined from approximately 440
million pounds in 1967 to an estimated 34 million pounds by 1974. Although U.S. commercial
production ceased in the 1980s, 1,1,2,2-tetrachloroethane is still generated as a byproduct and/or
intermediate in the production of other chemicals. Toxics Release Inventory (TRI) data indicate
that environmental releases have generally declined from a high of about 175,000 pounds in
1988 to a low of 3,500 pounds in 2003. Most releases took the form of air emissions, though
surface water discharges were also documented nearly every year.
The United States Geological Survey’s (USGS’s) Random Source Water Survey and
Focused Source Water Survey, both conducted between 1999 and 2001, provide an indication of
ambient occurrence of 1,1,2,2-tetrachloroethane. The USGS did not detect 1,1,2,2tetrachloroethane in either survey using a reporting limit of 0.2 µg/L (a level that is less than the
1,1,2,2-tetrachloroethane HRL). In addition, USGS found no indication at all of 1,1,2,211-3
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tetrachloroethane contamination above the detection limit of 0.026 µg/L in the focused survey.
Additional sources of information on ambient occurrence include a USGS stormwater study and
a USGS compilation of historical VOC monitoring data.
To determine the extent of 1,1,2,2-tetrachloroethane contamination in drinking water,
EPA included 1,1,2,2-tetrachloroethane as an analyte in the Unregulated Contaminant
Monitoring (UCM) Round 1 and UCM Round 2 surveys. EPA evaluated the UCM Round 1
Cross-Section and the UCM Round 2 Cross-Section data at levels greater than 0.2 µg/L (½ the
HRL) and greater than 0.4 µg/L (the HRL). The minimum reporting levels (MRLs) for UCM
Round 1 ranged from 0.1 to 10 µg/L and the MRLs for UCM Round 2 ranged from 0.1 to 2.5
µg/L for UCM Round 2. Because some of the reporting limits exceeded the thresholds of
interest, the occurrence analyses may result in an underestimate of systems affected.
Analysis of UCM Round 1 Cross-Section data indicates that approximately 0.22 percent
(or 44) of the 20,407 public water systems (PWSs) sampled had detections of 1,1,2,2tetrachloroethane at levels greater than 0.20 µg/L (½ the HRL), affecting approximately 1.69
percent of the population served (or 1.6 million of 95 million). The UCM Round 1 CrossSection data indicate that approximately 0.20 percent (or 41) of the 20,407 PWSs sampled had
detections of 1,1,2,2-tetrachloroethane at levels greater than 0.4 µg/L (the HRL), affecting
approximately 1.63 percent of the population served (or 1.5 million of 95 million). The 99th
percentile of all detects was 112 µg/L and the maximum reported value was 200 µg/L.
Analysis of the UCM Round 2 Cross-Section data indicate that approximately 0.07
percent (or 18) of the 24,800 PWSs sampled had detections of 1,1,2,2-tetrachloroethane at levels
greater than 0.2 µg/L (½ the HRL), affecting approximately 0.51 percent of the population
served (or 362,000 of 71 million). The UCM Round 2 Cross-Section data indicate that
approximately the same percentage and number of the PWSs sampled (0.07 percent or 17 of the
24,800) had detections of 1,1,2,2-tetrachloroethane at levels greater than 0.4 µg/L (the HRL),
affecting approximately 0.08 percent of the population served (or 56,000 of 71 million). The
99th percentile of all detects was 2 µg/L and the maximum reported value was 2 µg/L.
The Agency has made a determination not to regulate 1,1,2,2-tetrachloroethane with a
national primary drinking water regulation (NPDWR). Because 1,1,2,2-tetrachloroethane
appears to occur infrequently at health levels of concern in PWSs, the Agency believes that an
NPDWR does not present a meaningful opportunity for health risk reduction.
The Agency plans to update the Health Advisory document for 1,1,2,2-tetrachloroethane
to provide more recent health information. The updated Health Advisory will provide
information to any States with public water systems that may have 1,1,2,2-tetrachloroethane at
levels above the HRL. If a State finds highly localized occurrence of 1,1,2,2-tetrachloroethane at
concentrations above the HRL, it should consider whether State-level guidance (or some other
type of action) may be appropriate.
The Agency’s regulatory determination for this contaminant is presented formally in the
Federal Register.
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11 1,1,2,2-Tetrachloroethane
11.1 Definition
1,1,2,2-Tetrachloroethane is a halogenated volatile organic compound (VOC) used in
chemical synthesis. It is also given the following chemical names: acetosol, acetylene
tetrachloride, symmetrical-tetrachloroethane, sym-tetrachloroethane, 1,1-dichloro-2,2dichloroethane, and tetrachloroethane. 1,1,2,2-Tetrachloroethane goes by three registered trade
names: Bonoform, Cellon, and Westron. The Chemical Abstracts Service (CAS) registry
number for 1,1,2,2-tetrachloroethane is 79-34-5.
11.1.1 Properties and Sources
1,1,2,2-Tetrachloroethane is not known to occur naturally (IARC, 1979 as cited in
ATSDR, 1996). At room temperature it is a dense, colorless liquid with a pungent, sweet,
suffocating, chloroform-like smell. It is produced by the catalytic addition of chlorine to
acetylene or through the direct chlorination or oxychlorination of ethylene (IARC, 1979; Archer,
1979 both as cited in ATSDR, 1996). Prior to the 1980s, the Specialty Materials Division of
Eagle-Picher Industries synthesized this chemical for use in the production of other chemicals,
primarily chlorinated ethylenes, as well as use as a solvent. Commercial production was
discontinued in the 1980s when other methods to generate chlorinated ethylenes were
discovered. The present use of 1,1,2,2-tetrachloroethane appears to be mostly as a chemical
intermediate (ATSDR, 1996), although it is also produced as a by-product in the synthesis of
other chlorinated hydrocarbons (Gerhartz, 1985 as cited in HSDB, 2004). Some physical and
chemical properties of this VOC are summarized in Exhibit 11-1.
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Exhibit 11-1: Physical and Chemical Properties of 1,1,2,2-Tetrachloroethane
Identification
CAS number

79-34-5

Molecular Formula

C2H 2Cl4
Physical and Chemical Properties

Boiling Point

146.5 °C at 760 mm Hg 1

Melting Point

- 43.8 ° C 1

Molecular Weight

167.85 g/mol 1

Log Koc

2.78 2

Log Kow

2.39 3

Water Solubility

2,962 mg/L at 25 °C 4

Vapor Pressure

6.1 mm Hg at 25 ° C 5

Henry=s Law Constant

4.55 x 10-4 atm-m3/mole at 25 ° C 5
0.012 mol/mol (dimensionless), predicted 6
0.016 mol/mol (dimensionless), from literature 6

Freundlich Isotherm Constant (K)

823 (µg/g)(L/µg)1/n 7

1

Lide, 1995 as cited in HSDB, 2004

2

ASTER, 1995 as cited in ATSDR, 1996

3

Hansch et al., 1995 as cited in HSDB, 2004

4

Horvath, 1982 as cited in HSDB, 2004

5

Howard, 1990

6

Speth et al., 2001

7

Speth and Adams, 1993 (as cited in Speth et al., 2001)

11.1.2 Environmental Fate and Behavior
The evaporation of 1,1,2,2-tetrachloroethane from soil surfaces is expected to be fairly
rapid (HSDB, 2004). In silt loam, 1,1,2,2-tetrachloroethane has been found to be highly mobile,
suggesting a potential for leaching to ground water (Howard, 1990). Experiments simulating
degradation reactions under landfill conditions found 1,1,2,2-tetrachloroethane to transform to a
number of products, including 1,1,2-trichloroethane, trichloroethene, 1,1-dichloroethene, and
vinyl chloride (Hallen et al., 1986 as cited in ATSDR, 1996).
A large percentage of 1,1,2,2-tetrachloroethane released to water will evaporate with a
half-life of days to weeks depending on the water body (Howard, 1990). The remaining portion
will degrade through hydrolysis. In ground water, 1,1,2,2-tetrachloroethane will degrade
through anaerobic biodegradation or hydrolysis. Hydrolysis is pH-dependant - degradation will
be faster under basic to neutral conditions. At a neutral pH, 1,1,2,2-tetrachloroethane hydrolysis
half-lives range from 29 to 102 days (Haag and Mill, 1988; Cooper et al., 1987 both as cited in
11-12
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ATSDR, 1996). Trichloroethylene is the major product of 1,1,2,2-tetrachloroethane hydrolysis,
while biodegradation is reported to produce 1,1,2-trichloroethane (Bouwer and McCarty, 1983 as
cited in Howard, 1990). Adsorption of 1,1,2,2-tetrachloroethane to stream sediments and
bioconcentration in fish is expected to be minimal (Howard, 1990).
As a highly volatile chemical with slow biodegradation in soil and water, most 1,1,2,2tetrachloroethane releases to any medium will eventually enter the atmosphere. In the
atmosphere, 1,1,2,2-tetrachloroethane will disperse and eventually degrade by reaction with
photochemically produced hydroxyl radicals. The half-life for this process has been
theoretically estimated to be 53 days (Atkinson, 1987 as cited in ATSDR, 1996). Older
experimental data suggest that 1,1,2,2-tetrachlorethane may have a significantly longer residence
time in the atmosphere, with a half-life of two years (Singh et al., 1981 as cited in HSDB, 2004).
Due to potentially long residence times in the atmosphere, a small percentage (~1 percent) of
1,1,2,2-tetrachloroethane is predicted to escape to the stratosphere where it will rapidly degrade
through photodissociation (Howard, 1990).

11.2 Health Effects
Data on the toxicity of 1,1,2,2-tetrachloroethane in humans are limited, consisting of one
experimental inhalation study, a few case reports of suicidal or accidental ingestion, and dated
occupational studies. In most cases, there was no quantification of the exposure. Respiratory
and mucosal effects, eye irritation, nausea, vomiting, and dizziness were reported by human
volunteers exposed to 1,1,2,2-tetrachloroethane vapors under controlled chamber conditions
(Lehmann and Schmidt-Kehl, 1936 as cited in ATSDR, 1996 and USEPA, 1989). Effects from
non-lethal occupational exposures included gastric distress (i.e., pain, nausea, vomiting),
headache, loss of appetite, an enlarged liver, and cirrhosis (Jeney et al., 1957 as cited in USEPA
1989; Lobo-Mendonca, 1963 as cited in ATSDR, 1996 and USEPA, 1989; Minot and Smith
1921 as cited in ATSDR, 1996).
There have been a variety of animal studies in rats and mice using both the inhalation and
oral exposure routes. Recent studies by the National Toxicology Program (NTP, 2004) provide a
detailed evaluation of the short-term and subchronic oral toxicity of 1,1,2,2-tetrachloroethane
and confirm many of the observations from earlier studies. In rats and mice exposed orally, the
liver appears to be the primary target organ. The reference dose (RfD) (10 µg/kg/day) for
1,1,2,2-tetrachloroethane was derived from the benchmark dose level (BMDL10) for a 1 standard
deviation change in relative liver weight, a biomarker for liver toxicity. A 1,000-fold uncertainty
factor was applied in the RfD determination.
A National Cancer Institute (1978 as cited in ATSDR, 1996) bioassay of
1,1,2,2-tetrachloroethane found clear evidence of carcinogenicity in male and female B6C3F1
mice based on a dose-related statistically significant increase in liver tumors. There was
equivocal evidence for carcinogenicity in Osborn Mendel rats because of the occurrence of a
small number of rare-for-the species neoplastic and preneoplastic lesions in the livers of the high
dose animals. The Agency used the slope factor of 8.5 × 10-2 for the tumors in female mice to
derive the health reference level (HRL) of 0.4 µg/L for use in the analysis of the occurrence data
for 1,1,2,2-tetrachloroethane.
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Information on the reproductive effects of 1,1,2,2-tetrachloroethane is limited. There is a
single one-generation inhalation study that does not follow a standard methodology and
examined a small number of rats (five females and seven males) exposed via inhalation to one
dose (13.3 mg/m3). There were no statistically significant differences in the percentage of
females having offspring, number of pups per litter, average birth weight, sex ratio, or post natal
offspring mortality (Schmidt et al., 1972). Effects on sperm in male rats were seen after oral (27
mg/kg/day; NTP, 2004) and inhalation (13 mg/m3; Schmidt et al., 1972) exposures. Similar
effects were seen in mice but at higher doses. Fetal toxicity did not occur in the absence of
maternal toxicity.
Developmental range-finding studies conducted for NTP (1991a, 1991b) found that
1,1,2,2-tetrachloroethane was toxic to the dams and pups of Sprague Dawley rats and CD-1
Swiss mice. Rats were more sensitive than mice. The no-observed-adverse-effect level
(NOAEL) in the rats for both maternal toxicity and associated fetal toxicity was 34 mg/kg/day
with a lowest-observed-adverse-effect level (LOAEL) of 98 mg/kg/day. In mice, the NOAEL
was 987 mg/kg/day and the LOAEL was 2,120 mg/kg/day.
EPA also evaluated whether health information is available regarding the potential
effects on children and other sensitive populations. Individuals with preexisting liver and kidney
damage would likely be sensitive to 1,1,2,2-tetrachloroethane exposure. Low intake of
antioxidant nutrients (e.g., Vitamin E, Vitamin C, and selenium) could be a predisposing factor
for liver damage. In addition, individuals with a genetically low capacity to metabolize
dichloroacetic acid (the primary metabolite of 1,1,2,2-tetrachloroethane) may be at greater risk
than the general population as a result of 1,1,2,2-tetrachloroethane exposure.

11.3 Occurrence and Exposure
11.3.1 Use and Environmental Release
Prior to the 1980s, 1,1,2,2-tetrachloroethane was commonly used in the production of
other chemicals, primarily trichloroethylene (TCE), tetrachloroethylene (PCE), and 1,2dichloroethylene (Archer, 1979 as cited in ATSDR, 1996). It was also used as a metal degreaser,
an extractant for oils and fats, and a component of paint removers, varnishes and lacquers, and
photographic films (Hawley, 1981 as cited in ATSDR, 1996). At one time the compound was
also used as an insecticide, fumigant, weedkiller, and insect repellant, but it is not currently
registered in the United States for such uses. Approximately 440 million pounds of 1,1,2,2tetrachloroethane were produced in 1967 (Konietzko, 1984 as cited in ATSDR, 1996).
Production fell to 34 million pounds in 1974, and production for commercial uses ceased in the
United States by the late 1980s. Imports are also thought to be minimal (ATSDR, 1996).
Although 1,1,2,2-tetrachloroethane is no longer generated as an end product, it is still
generated as an intermediate product and/or by-product in the manufacturing of other synthetic
chemicals, including trichloroethylene, 1,1,2-trichloroethane, 1,2-dichloroethene,
tetrachloroethylene, vinyl chloride, ethylene dichloride, and 1,1,1-trichloroethane. It can occur
as a trace contaminant in these and other manufactured chemicals, and in the waste stream of
facilities that produce them. ATSDR (1996) lists 15 facilities that produce 1,1,2,2-

11-14

EPA – OGWDW

Regulatory Determinations Support Document for CCL 2

June 2008

tetrachloroethane as a by-product or use it as an intermediate product. (Note: The list is likely
not exhaustive.)
1,1,2,2-Tetrachloroethane is listed as a Toxics Release Inventory (TRI) chemical. For a
discussion of the nature and limitations of TRI data, see Chapter 2.
TRI data for 1,1,2,2-tetrachloroethane (see Exhibit 11-2) are reported for the years 1988
to 2003 (USEPA, 2006). Air emissions constitute most of the on-site releases. Reported air
releases peaked in 1991 and then generally declined. Surface water discharges ranged in the
thousands of pounds until the mid-1990s, and then dropped off significantly until a sharp
increase in 2002. There is no detectable pattern in on-site underground injections or releases to
land. Reported off-site releases were most significant in the first year of reporting, and then
generally declined, with an aberrant peak in 1998. These TRI data for 1,1,2,2-tetrachloroethane
were reported from 20 States (AR, CA, CO, CT, FL, KS, KY, LA, MI, MO, NC, NE, NJ, NY,
OH, PA, SC, TN, TX, VA), but no more than 11 States reported in a given year. Louisiana and
Texas were the only States to report releases every year.
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Exhibit 11-2: Environmental Releases (in pounds) of 1,1,2,2-Tetrachloroethane in
the United States, 1988-2003
Year
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003

On-Site Releases
Surface Water Underground
Air Emissions
Discharges
Injection
43,865
1,903
0
35,611
5,429
283
44,796
3,529
80
64,251
2,113
0
48,899
5,164
0
28,203
2,930
0
12,484
1,517
26
8,275
2,222
0
15,488
130
0
13,614
0
0
7,299
269
5
5,202
1
0
4,461
13
5
3,462
56
0
7,879
1,464
0
2,729
466
0

Releases
to Land
29
18
495
0
0
1
0
0
0
0
0
15
0
961
1
66

Off-Site
Releases
128,750
15,209
771
262
273
80
52
7
7
511
6,503
30
631
941
108
259

Total On- &
Off-site
Releases
174,547
56,550
49,671
66,626
54,336
31,214
14,079
10,504
15,625
14,125
14,076
5,248
5,110
5,420
9,452
3,520

Source: USEPA, 2006

11.3.2 Ambient Water Occurrence
Ambient lakes, rivers, and aquifers are sources of drinking water. Data on the occurrence
of 1,1,2,2-tetrachloroethane in ambient surface and ground water are available from the National
Water Quality Assessment (NAWQA) program of the United States Geological Survey (USGS).
For further details on this program, see the discussion of NAWQA in Chapter 2. NAWQA data
have been analyzed independently by USGS and EPA. USGS has also collected data on 1,1,2,2tetrachloroethane occurrence in a review of stormwater studies.
NAWQA VOC National Synthesis
Random and Focused VOC Surveys
Using data collected from the NAWQA Study Units and other sources, USGS and
collaborating institutions have recently completed a national synthesis assessment of VOC
occurrence in the nation’s drinking water supply. The assessment included a random survey
(1999-2000) of VOC occurrence in ground and surface water resources used by geographically
representative community water systems in different size categories (Grady, 2003) and a focused
survey (1999-2001) of VOC occurrence patterns, including seasonal variability, in source waters
considered particularly susceptible to methyl tertiary butyl ether (MTBE) contamination (Delzer
and Ivahnenko, 2003). 1,1,2,2-Tetrachloroethane was included as an analyte in both surveys,
with a reporting limit of 0.2 µg/L (Ivahnenko et al., 2001).
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The national random survey and focused survey both found no detections of 1,1,2,2tetrachloroethane at the reporting level of 0.2 µg/L (Grady, 2003; Delzer and Ivahnenko, 2003).
In addition, the focused survey provided results for 1,1,2,2-tetrachloroethane below the reporting
level. At levels as low as the method detection limit (0.026 µg/L), no detections of 1,1,2,2tetrachloroethane were found (Delzer and Ivahnenko, 2003).
Compilation of Historical VOC Monitoring Data
USGS assessed VOC occurrence in untreated ambient ground water samples collected
between 1985 and 1995 by local, State, and federal agencies (Squillace et al., 1999). The
samples represented both urban and rural areas, and both drinking water and non-drinking water
wells.
Multiple investigators collected 1,1,2,2-tetrachloroethane samples from 204 urban wells
and 1,267 rural wells. At a reporting level of 0.2 µg/L, there were no detections of 1,1,2,2tetrachloroethane.
EPA Summary Analysis of NAWQA Data
Whereas the NAWQA program often uses the most representative data for a site to
calculate summary statistics, EPA, with the cooperation of USGS, has performed a summary
analysis of all Cycle 1 water monitoring data from all study units (1991-2001) for many of the
Second Contaminant Candidate List (CCL 2) contaminants being considered for regulatory
determination, including 1,1,2,2-tetrachloroethane. Detection frequencies were simply
computed as the percentage of samples and sites with detections (i.e., with at least one result
equal to or greater than the reporting limit). Note that reporting limits were not uniform.
Sample detections can be biased by frequent sampling in areas with high (or low) occurrence.
Calculating the percentage of sites with detections can reduce this bias. For more details on the
data set and the EPA analysis, see Chapter 2.
The results of the EPA analysis are presented in Exhibit 11-3. Overall, 1,1,2,2tetrachloroethane was detected in 0.07% of samples and at 0.07% of sites. 1,1,2,2Tetrachloroethane was detected more frequently in surface water but at higher concentrations
(maximum of 0.38 µg/L) in ground water.
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Exhibit 11-3: EPA Summary Analysis of 1,1,2,2-Tetrachloroethane Data from
NAWQA Study Units, 1992-2001
Detection Frequency
(detections are results ≥ RL1)
%
% Sites
Number
Samples Number
of
with
Minimum
of Sites
with
Samples
Detections
Detections
surface
water
ground
water
all
sites

Concentration Values
(of detections, in µg/L)
Median

95th
Percentile

99th
Percen- Maximum
tile

1,408

0.21%

190

1.05%

0.02

0.08

0.20

0.20

0.20

4,544

0.02%

4,127

0.02%

0.38

0.38

0.38

0.38

0.38

5,952

0.07%

4,317

0.07%

0.02

0.14

0.38

0.38

0.38

1

RLs (Reporting Limits) for 1,1,2,2-tetrachloroethane varied but did not exceed 0.2 µg/L. For more information, see Chapter 2. Note that
because this EPA analysis involves more data points than the USGS analyses presented above, a direct comparison is not possible.

USGS Stormwater Studies
For the National Highway Runoff Data and Methodology Synthesis, USGS conducted a
review of 44 highway and urban runoff studies implemented since 1970 (Lopes and Dionne,
1998). 1,1,2,2-Tetrachloroethane results are reported in four of these studies. For background
information on this review, see Chapter 2.
Three of the studies were stormwater studies conducted in major metropolitan areas in
connection with National Pollutant Discharge Elimination System (NPDES) permitting. In
metropolitan Phoenix (Maricopa County), USGS collected 35 samples from 5 drainage basins
and the City of Phoenix collected an additional 26 samples from 7 sites (Lopes et al., 1995). In
Colorado Springs, 35 samples were collected from 5 sites (von Guerard and Weiss, 1995). In
Dallas-Fort Worth, 182 samples were collected from 26 stormwater drainage basins (Baldys et
al., 1998). The reporting limits were 0.2 µg/L in Phoenix and Colorado Springs, and they ranged
from 0.2 to 10 µg/L in Dallas-Fort Worth. Not all samples were monitored for every
contaminant. These three studies found no detections of 1,1,2,2-tetrachloroethane above the
reporting limits.
The fourth study analyzed 86 urban runoff samples from 15 U.S. cities, collected
between 1979 and 1982 in connection with the National Urban Runoff Program (Cole et al.,
1984). 1,1,2,2-Tetrachloroethane was detected in 2 percent of samples, in concentrations
ranging from 2 µg/L to 3 µg/L. All detections were from Long Island, New York. A detection
limit was not reported.
11.3.3 Drinking Water Occurrence
Nationally representative data on 1,1,2,2-tetrachloroethane occurrence in drinking water
were collected by large and small public water systems under EPA’s Unregulated Contaminant
Monitoring (UCM) program (1987-1999).
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UCM Program, Rounds 1 and 2
Round 1 of the UCM lasted from 1988 to 1992, and Round 2 lasted from 1993 to 1999.
A geographical cross-section of States with the most complete and reliable data was chosen to
provide a roughly representative picture of national occurrence in each round. For more details
on the UCM program, see Chapter 2 and USEPA (2008).
Exhibits 11-4 and 11-5 show the results from the Round 1 and Round 2 cross-sections.
Results from all States, including those with incomplete and less reliable data, are also presented
for the sake of comparison. Results are analyzed at the level of simple detections (at or above
the minimum reporting level, or ≥ MRL), exceedances of the health reference level (> HRL, or >
0.4 µg/L), and exceedances of one half the value of the HRL (> 2 HRL, or > 0.2 µg/L). MRLs
for 1,1,2,2-tetrachloroethane were not uniform. They varied from 0.01 µg/L to 10 µg/L in the
first round, and from 0.01 µg/L to 2.5 µg/L in the second round. The modal (most common)
MRL in both rounds was 0.5 µg/L. Because the MRL was often higher than the HRL and 2
HRL, it is likely that the sampling failed to capture some HRL and 2 HRL exceedances at the
participating systems, and that the HRL and 2 HRL analyses underestimate actual 1,1,2,2tetrachloroethane occurrence. However, all MRLs fell within (or below) the risk range of 10-6 to
10-4 used by EPA to evaluate carcinogens (see Section 2.1.1).
In Round 1 cross-section States, 1,1,2,2-tetrachloroethane was detected at approximately
0.45% of public water systems (PWSs), affecting 1.86% of the population served, equivalent to
approximately 4.0 million people nationally. Exceedances of one-half the value of the HRL
were found at 0.22% of PWSs, affecting 1.69% of the population served, equivalent to
approximately 3.6 million people nationally. HRL exceedances were found at 0.20% of PWSs,
affecting 1.63% of the population served, equivalent to approximately 3.5 million people
nationally.
When all Round 1 results are included in the analysis, including results from States with
incomplete or less reliable data, 1,1,2,2-tetrachloroethane detection frequencies appear to be
slightly higher than the cross-section data indicate. Detections affect 0.48% of PWSs and 2.16%
of the population served; exceedances of the 2 HRL benchmark affect 0.26% of PWSs and
1.99% of the population served; and HRL exceedances affect 0.24% of PWSs and 1.90% of the
population served.
In Round 2 cross-section States, 1,1,2,2-tetrachloroethane was detected at 0.08% of
PWSs, affecting 2.61% of the population served, equivalent to approximately 5.6 million people
nationally. The 2 HRL benchmark was exceeded in 0.07% of PWSs (18 of 24,800), affecting
0.51% of the population served, equivalent to approximately 1.1 million people nationally. The
HRL benchmark was exceeded in 0.07% of PWSs (17 of 24,800—one fewer than the 2 HRL
benchmark), affecting 0.08% of the population served, equivalent to approximately 0.2 million
people nationally. Round 2 generally shows lower occurrence of 1,1,2,2-tetrachloroethane than
Round 1. One apparently contradictory indicator, the strikingly high proportion of the
population served by PWSs with detections in Round 2, is due to the unusually large size of one
of the relatively few contaminated surface water systems.
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Including Round 2 results from all reporting States in the analysis does not change the
picture of 1,1,2,2-tetrachloroethane occurrence significantly. Detections affect 0.08% of PWSs
and 2.23% of the population served; 2 HRL exceedances affect 0.07% of PWSs and 0.44% of
the population served; and HRL exceedances affect 0.06% of PWSs and 0.08% of the population
served.
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Exhibit 11-4: Summary UCM Occurrence Statistics for 1,1,2,2-Tetrachloroethane
(Round 1)
24-State
Cross-Section1

All Reporting States2

National System & Population
Numbers3

Total Number of Samples

67,688

70,784

--

Percent of Samples with Detections

0.16%

0.16%

--

Frequency Factors

th

99 Percentile Concentration (all samples)

< MRL

< MRL

--

Health Reference Level (HRL)

0.4 µg/L

0.4 µg/L

--

0.01 - 10 µg/L
(0.5 µg/L)

0.01 - 10 µg/L
(0.5 µg/L)

--

Maximum Concentration of Detections

200 µg/L

200 µg/L

--

99th Percentile Concentration of Detections

112 µg/L

112 µg/L

--

Median Concentration of Detections

0.5 µg/L

0.5 µg/L

--

20,407
18,693
1,867

20,899
19,054
2,019

65,030
59,440
5,590

94,710,065
55,763,644
43,763,942

98,334,686
57,663,608
45,776,159

Minimum Reporting Level (MRL) - Range
- (modal value)4

Total Number of PWSs
Number of GW PWSs
Number of SW PWSs
Total Population
Population of GW PWSs
Population of SW PWSs
Occurrence by System

213,008,182
85,681,696
127,326,486
5
National Extrapolation
Cross-Section
All States

Number

Percentage

Number

Percentage

PWSs with detections (> MRL)
Range across States
GW PWSs with detections
SW PWSs with detections

91
0 - 39
72
19

0.45%
0 - 11.64%
0.39%
1.02%

101
0 - 39
80
21

0.48%
0 - 100%
0.42%
1.04%

290
N/A
229
57

314
N/A
250
58

PWSs > 1/2 HRL
Range across States
GW PWSs > 1/2 HRL
SW PWSs > 1/2 HRL

44
0 - 11
33
11

0.22%
0 - 2.76%
0.18%
0.59%

54
0 - 11
41
13

0.26%
0 - 100%
0.22%
0.64%

140
N/A
105
33

168
N/A
128
36

PWSs > HRL
Range across States
GW PWSs > HRL
SW PWSs > HRL

41
0 - 11
32
9

0.20%
0 - 2.76%
0.17%
0.48%

50
0 - 11
39
11

0.24%
0 - 100%
0.20%
0.54%

131
N/A
102
27

156
N/A
122
30

Population served by PWSs with detections
Range across States
Pop. Served by GW PWSs with detections
Pop. Served by SW PWSs with detections

1,762,198
0 - 616,019
1,017,630
744,568

1.86%
0 - 25.48%
1.82%
1.70%

2,119,844
0 - 616,019
1,365,976
753,868

2.16%
0 - 100%
2.37%
1.65%

3,963,000
N/A
1,564,000
2,166,000

4,592,000
N/A
2,030,000
2,097,000

Population served by PWSs > 1/2 HRL
Range across States
Pop. Served by GW PWSs > 1/2 HRL
Pop. Served by SW PWSs > 1/2 HRL

1,597,140
0 - 616,019
864,770
732,370

1.69%
0 - 25.48%
1.55%
1.67%

1,954,786
0 - 616,019
1,213,116
741,670

1.99%
0 - 100%
2.10%
1.62%

3,592,000
N/A
1,329,000
2,131,000

4,234,000
N/A
1,803,000
2,063,000

Population served by PWSs > HRL
Range across States
Pop. Served by GW PWSs > HRL
Pop. Served by SW PWSs > HRL

1,543,647
0 - 616,019
851,641
692,006

1.63%
0 - 25.48%
1.53%
1.58%

1,868,493
0 - 616,019
1,167,187
701,306

1.90%
0 - 100%
2.02%
1.53%

3,472,000
N/A
1,309,000
2,013,000

4,047,000
N/A
1,734,000
1,951,000

Occurrence by Population Served

1.
2.
3.
4.
5.

Summary Results based on 24-State Cross-Section, UCM Round 1 data.
Summary Results based on All Reporting States, UCM Round 1 data.
Total PWS and population numbers are from EPA March 2000 Water Industry Baseline Handbook, 2nd Edition.
Because several different analytical methods were used, MRLs were not uniform. The modal value is the most common MRL.
National extrapolations are generated by multiplying the system/population percentages and the national Baseline Handbook system/population numbers.

Abbreviations:
PWS = Public Water Systems; GW = Ground Water; SW = Surface Water; N/A = Not Applicable; Total Number of Samples = total number of samples on record for the contaminant; 99th
Percentile Concentration = the concentration in the 99th percentile sample (out of either all samples or just samples with detections); Median Concentration of Detections = the concentration in
the median sample (out of samples with detections); Total Number of PWSs = the total number of PWSs for which sampling results are available; Total Population Served = the total population
served by PWSs for which sampling results are available; PWSs with Detections, PWSs > 2 HRL, or PWSs > HRL = PWSs with at least one sampling result greater than or equal to the MRL,
exceeding the 2 HRL benchmark, or exceeding the HRL benchmark, respectively; Population Served by PWSs with Detections, by PWSs > 2 HRL, or by PWSs > HRL = population served by
PWSs with at least one sampling result greater than or equal to the MRL, exceeding the 2 HRL benchmark, or exceeding the HRL benchmark, respectively.
Notes:
-Only results at or above the MRL were reported as detections. Concentrations below the MRL are considered non-detects.
-Because some systems were counted as both ground water and surface water systems and others could not be classified, GW and SW figures might not add up to totals.
-Due to differences between the ratios of GW and SW systems with monitoring results and the national ratio, extrapolated GW and SW figures might not add up to extrapolated totals.
-Due to MRL variability, it is likely that the sampling failed to capture some 2 HRL and HRL exceedances at the participating systems, and the 2 HRL and HRL analyses underestimate actual
contaminant occurrence.
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Exhibit 11-5: Summary UCM Occurrence Statistics for 1,1,2,2-Tetrachloroethane
(Round 2)
20-State
Cross-Section1

All Reporting States2

National System & Population
Numbers3

Total Number of Samples

98,911

112,480

--

Percent of Samples with Detections

0.02%

0.03%

--

Frequency Factors

th

99 Percentile Concentration (all samples)

< MRL

< MRL

--

Health Reference Level (HRL)

0.4 µg/L

0.4 µg/L

--

0.1 - 2.5 µg/L
(0.5 µg/L)

0.1 - 2.5 µg/L
(0.5 µg/L)

--

Maximum Concentration of Detections

2 µg/L

3.9 µg/L

--

99th Percentile Concentration of Detections

2 µg/L

3.9 µg/L

--

0.5 µg/L

0.5 µg/L

--

24,800
22,106
2,694

28,209
25,152
3,057

65,030
59,440
5,590

71,294,263
25,978,359
45,315,904

84,692,367
31,069,576
53,622,791

Minimum Reporting Level (MRL) - Range
- (modal value)4

Median Concentration of Detections
Total Number of PWSs
Number of GW PWSs
Number of SW PWSs
Total Population
Population of GW PWSs
Population of SW PWSs

213,008,182
85,681,696
127,326,486
National Extrapolation5
Cross-Section
All States

Number

Percentage

Number

Percentage

PWSs with detections (> MRL)
Range across States
GW PWSs with detections
SW PWSs with detections

19
0-9
11
8

0.08%
0 - 0.50%
0.05%
0.30%

22
0-9
13
9

0.08%
0 - 3.49%
0.05%
0.29%

50
N/A
30
17

51
N/A
31
16

PWSs > 1/2 HRL
Range across States
GW PWSs > 1/2 HRL
SW PWSs > 1/2 HRL

18
0-9
11
7

0.07%
0 - 0.50%
0.05%
0.26%

19
0-9
12
7

0.07%
0 - 1.16%
0.05%
0.23%

47
N/A
30
15

44
N/A
28
13

PWSs > HRL
Range across States
GW PWSs > HRL
SW PWSs > HRL

17
0-9
11
6

0.07%
0 - 0.50%
0.05%
0.22%

18
0-9
12
6

0.06%
0 - 1.16%
0.05%
0.20%

45
N/A
30
12

41
N/A
28
11

1,862,105
0 - 1,500,000
24,115
1,837,990

2.61%
0 - 29.92%
0.09%
4.06%

1,892,850
0 - 1,500,000
51,543
1,841,307

2.23%
0 - 29.92%
0.17%
3.43%

5,563,000
N/A
80,000
5,164,000

4,761,000
N/A
142,000
4,372,000

Population served by PWSs > 1/2 HRL
Range across States
Pop. Served by GW PWSs > 1/2 HRL
Pop. Served by SW PWSs > 1/2 HRL

362,105
0 - 306,000
24,115
337,990

0.51%
0 - 7.12%
0.09%
0.75%

371,980
0 - 306,000
33,990
337,990

0.44%
0 - 7.12%
0.11%
0.63%

1,082,000
N/A
80,000
950,000

936,000
N/A
94,000
803,000

Population served by PWSs > HRL
Range across States
Pop. Served by GW PWSs > HRL
Pop. Served by SW PWSs > HRL

56,105
0 - 26,550
24,115
31,990

0.08%
0 - 0.54%
0.09%
0.07%

65,980
0 - 26,550
33,990
31,990

0.08%
0 - 0.54%
0.11%
0.06%

168,000
N/A
80,000
90,000

166,000
N/A
94,000
76,000

Occurrence by System

Occurrence by Population Served
Population served by PWSs with detections
Range across States
Pop. Served by GW PWSs with detections
Pop. Served by SW PWSs with detections

1.
2.
3.
4.
5.

Summary Results based on 20-State Cross-Section, UCM Round 2 data.
Summary Results based on All Reporting States, UCM Round 2 data.
Total PWS and population numbers are from EPA March 2000 Water Industry Baseline Handbook, 2nd Edition.
Because several different analytical methods were used, MRLs were not uniform. The modal value is the most common MRL.
National extrapolations are generated by multiplying the system/population percentages and the national Baseline Handbook system/population numbers.

Abbreviations:
PWS = Public Water Systems; GW = Ground Water; SW = Surface Water; N/A = Not Applicable; Total Number of Samples = total number of samples on record for the contaminant; 99th
Percentile Concentration = the concentration in the 99th percentile sample (out of either all samples or just samples with detections); Median Concentration of Detections = the concentration in
the median sample (out of samples with detections); Total Number of PWSs = the total number of PWSs for which sampling results are available; Total Population Served = the total population
served by PWSs for which sampling results are available; PWSs with Detections, PWSs > 2 HRL, or PWSs > HRL = PWSs with at least one sampling result greater than or equal to the MRL,
exceeding the 2 HRL benchmark, or exceeding the HRL benchmark, respectively; Population Served by PWSs with Detections, by PWSs > 2 HRL, or by PWSs > HRL = population served by
PWSs with at least one sampling result greater than or equal to the MRL, exceeding the 2 HRL benchmark, or exceeding the HRL benchmark, respectively.
Notes:
-Only results at or above the MRL were reported as detections. Concentrations below the MRL are considered non-detects.
-Due to differences between the ratios of GW and SW systems with monitoring results and the national ratio, extrapolated GW and SW figures might not add up to extrapolated totals.
-Due to MRL variability, it is likely that the sampling failed to capture some 2 HRL and HRL exceedances at the participating systems, and the 2 HRL and HRL analyses underestimate actual
contaminant occurrence.
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Each of the following maps focuses on a somewhat different aspect of the geographical
distribution of 1,1,2,2-tetrachloroethane occurrence. Exhibit 11-6 identifies all States with at
least one PWS with a detection of 1,1,2,2-tetrachloroethane in Round 1 or Round 2. All States
are included in this analysis, including both cross-section States with reliable data and non-crosssection States with less reliable data, in order to provide the broadest assessment of possible
1,1,2,2-tetrachloroethane occurrence. Exhibit 11-7 presents the same information (identifying
States with detections, regardless of whether they were included in the cross-sections) separately
for Round 1 (1988-1992) and Round 2 (1993-1999), to reveal temporal trends.
Exhibit 11-8 illustrates the geographic distribution of States with different detection
frequencies (percentage of PWSs with at least one detection), and Exhibit 11-9 illustrates the
geographic distribution of different HRL exceedance frequencies (percentage of PWSs with at
least one HRL exceedance). Only cross-section States, which have the most complete and
reliable occurrence data, are included in these two analyses. In each exhibit, Round 1 data are
presented in the upper map and Round 2 data are presented in the lower map to reveal temporal
trends.
In each map, two color categories represent States with no data. Those in white do not
belong to the relevant Round or cross-section, and those in the lightest category of shading were
included in the Round or cross-section but have no data for 1,1,2,2-tetrachloroethane. The
darker shades are used to differentiate occurrence findings in States with 1,1,2,2tetrachloroethane data.
The large number of Northeastern and Great Lakes States reporting at least one detection,
especially in Round 1, suggests a possible regional problem. However, States with detections
are distributed from the east to the west coast, and from the Canadian to the Mexican borders.
Even the States with the highest proportion of PWSs with detections are generally distributed
across the United States.
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Exhibit 11-6: Geographic Distribution of 1,1,2,2-Tetrachloroethane Detections in
Both Cross-Section and Non-Cross-Section States (Combined UCM Rounds 1 and
2)
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Exhibit 11-7: Geographic Distribution of 1,1,2,2-Tetrachloroethane Detections in
Both Cross-Section and Non-Cross-Section States (Above: UCM Round 1; Below:
UCM Round 2)
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Exhibit 11-8: Geographic Distribution of 1,1,2,2-Tetrachloroethane Detection
Frequencies in Cross-Section States (Above: UCM Round 1; Below: UCM Round
2)
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Exhibit 11-9: Geographic Distribution of 1,1,2,2-Tetrachloroethane HRL
Exceedance Frequencies in Cross-Section States (Above: UCM Round 1; Below:
UCM Round 2)

11-27

EPA – OGWDW

Regulatory Determinations Support Document for CCL 2

June 2008

Eight States (AK, KY, MD, MN, NM, NC, OH, and WA) contributed 1,1,2,2tetrachloroethane data to both the Round 1 and Round 2 cross-sections. While these States are
not necessarily nationally representative, they enable some assessment of temporal trends in
1,1,2,2-tetrachloroethane occurrence. Exhibits 11-10 and 11-11 suggest that detections in those
States were most common in 1988-1990, and again in 1994. HRL exceedances were also most
common in 1988 and 1994. Only three of the eight States had detections in both Rounds, and
only one State (Ohio) had HRL exceedances in both Rounds.

11-28

EPA – OGWDW

June 2008

Regulatory Determinations Support Document for CCL 2

Exhibit 11-10: Annual Frequency of 1,1,2,2-Tetrachloroethane Detections (above)
and HRL Exceedances (below), 1985 - 1997, in Select Cross-Section States
Percent PWSs ≥ MRL
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Notes: Data are from AK, KY, MD, MN, NC, NM, OH, and WA. (These eight States are the only States in both the Round
1 and Round 2 cross-sections.) Both Round 1 and Round 2 have data for 1992; 1992 results from each Round are
presented separately. The HRL for 1,1,2,2-tetrachloroethane is 0.4 µg/L.
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Exhibit 11-11: Distribution of 1,1,2,2-Tetrachloroethane Detections (above) and
HRL Exceedances (below) Among Select Cross-Section States
Percent PWSs ≥ MRL
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Notes: These eight States are the only States in both the Round 1 cross-section and the Round 2 cross-section. The
HRL for 1,1,2,2-tetrachloroethane is 0.4 µg/L.
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11.4 Technology Assessment
11.4.1 Analytical Methods
Two analytical methods are available for detecting 1,1,2,2-tetrachloroethane in drinking
water. EPA Methods 502.2 and 524.2 rely on purge and trap gas chromatography (GC) followed
by either electrolytic conductivity detection (ELCD) or mass spectrometry (MS). A description
of these methods can be found in EPA’s Methods for the Determination of Organic Compounds
in Drinking Water, Supplement III, available from the Drinking Water Public Docket or the
National Technical Information Service (USEPA, 1995a). Historically, Methods 502.1 and
524.1 were also used to collect occurrence data for 1,1,2,2-tetrachloroethane. These methods are
based on similar technology to Methods 502.2 and 524.2, but are now considered obsolete.
Their approval for use for compliance monitoring of VOCs was withdrawn as of July 1, 1996.
The method detection limit (MDL) and the average recovery for each analytical method
that can be used for the analysis of 1,1,2,2-tetrachloroethane are included in the method
descriptions below. 1
EPA Method 502.2
EPA Method 502.2 (Revision 2.1), entitled “Volatile Organic Compounds in Water by
Purge and Trap Capillary Column Gas Chromatography with Photoionization and Electrolytic
Conductivity Detectors in Series,” determines the presence of VOCs in water samples using GC
with ELCD or photoionization detection (PID). However, only ELCD can be used for 1,1,2,2tetrachloroethane analysis, as this compound does not respond to PIDs.
The MDL for 1,1,2,2-tetrachloroethane using this method is reported to range from 0.01
to 0.02 µg/L, and the average recovery is reported to range from 99 to 100 percent, depending on
the method option used (USEPA, 1995b).
EPA Method 524.2
EPA Method 524.2 (Revision 4.1), “Measurement of Purgeable Organic Compounds in
Water by Capillary Column Gas Chromatography/Mass Spectrometry,” is used to detect VOCs,
including 1,1,2,2-tetrachloroethane, in finished drinking water, raw source water, or drinking
water in any treatment stage.
1

The Method Detection Limit (MDL) is a statistical estimate of the minimum concentration of a substance that can
be measured and reported with 99 percent confidence that the analyte concentration is greater than zero, i.e., greater
than the background signal. The calculation of the MDL is based upon the precision of a series of replicate
measurements of the analyte at low concentrations. The MDL incorporates estimates of the accuracy of the
determination. The MDL is not a concentration that can typically be measured by the method on a routine basis.
Detection limits may vary between analysts and laboratories under various laboratory conditions.
The average recovery is the fraction or percent concentration of a target analyte determined relative to the true or
expected concentration from a sample containing a known amount of the target analyte. (This can result in apparent
recovery values greater than 100 percent.)
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VOCs such as 1,1,2,2-tetrachloroethane are extracted by bubbling an inert gas through
the aqueous sample. Purged sample components are trapped in a tube containing suitable
sorbent materials. When purging is complete, the sorbent tube is heated and backflushed with
helium to thermally desorb trapped sample components onto a capillary GC column. The
column is temperature-programmed to separate the method analytes, which are then detected
with a mass spectrometer. Analytes are identified and quantitated by comparison to standard
materials (USEPA, 1995c).
The MDL for 1,1,2,2-tetrachloroethane using this method is reported to range from 0.04
to 0.2 µg/L, and the average recovery is reported to range from 91 to 100 percent, depending on
the method option used (USEPA, 1995c).
11.4.2 Treatment Technologies
Treatment technology status does not influence the determination of whether or not a
contaminant should be regulated. However, treatment technologies must be readily available
before a contaminant can be regulated with a national primary drinking water regulation
(NPDWR). Potential treatment technologies for removing 1,1,2,2-tetrachloroethane include air
stripping and activated carbon.
Air stripping involves the continuous contact of air with the water being treated, allowing
dissolved volatile contaminants to transfer from the source water to the air. Systems often
consist of a large column (or tower) filled with molded plastic or ceramic packing material. As
the water flows along the column, air is forced counter-current through the water. The packing
material increases the area of air-liquid interface, enhancing mass transfer. After contact, the air
is vented to an additional treatment device that safely contains or destroys the contaminant.
The Henry’s Law constant is commonly used to indicate the tendency of a contaminant to
partition from water to air. A larger Henry’s constant indicates a greater equilibrium
concentration of the contaminant in the air. A compound is generally considered amenable to air
stripping if it has a Henry’s constant above that of dibromochloropropane (0.003 mol/mol) or
ethylene dibromide (0.013 mol/mol) (Speth et al., 2001). Speth et al. (2001) compiled Henry’s
Law constants, both calculated by the authors and reported in the literature, for Contaminant
Candidate List (CCL) compounds. These authors report Henry’s Law constants of 0.012
mol/mol and 0.016 mol/mol for 1,1,2,2-tetrachloroethane, suggesting that air stripping might be
a viable treatment option (Speth et al., 2001).
Granular activated carbon (GAC) treatment removes contaminants via the physical and
chemical process of sorption: the contaminants attach to the carbon surface as water passes
through the carbon bed. Activated carbon has a large sorption capacity for many water
impurities, including synthetic organic chemicals, taste- and odor-causing compounds, and some
species of mercury.
Adsorption capacity is typically represented by the Freundlich isotherm constant, with
higher Freundlich (K) values indicating greater sorption potential. Activated carbon is
considered to be cost-effective for removing a particular contaminant if the Freundlich (K) value
of the contaminant is above 200 µg/g (L/µg)1/n (Speth et al., 2001). Speth and Adams (1993 as
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cited in Speth et al., 2001) report that the Freundlich (K) value for 1,1,2,2-tetrachloroethane is
823 µg/g (L/µg)1/n, which indicates that GAC might be a viable treatment option.

11.5 Regulatory Determination
The Agency has made a determination not to regulate 1,1,2,2-tetrachloroethane with an
NPDWR. Because 1,1,2,2-tetrachloroethane appears to occur infrequently at health levels of
concern in PWSs, the Agency believes that an NPDWR does not present a meaningful
opportunity for health risk reduction. While 1,1,2,2-tetrachloroethane was detected in both the
UCM Round 1 and the UCM Round 2 surveys, the percentage of detections had decreased by the
time the UCM Round 2 survey was performed in the mid-1990’s. In addition, the USGS did not
detect 1,1,2,2-tetrachloroethane in two subsequent monitoring surveys of source waters that
supply community water systems, using a reporting limit that is less than the 1,1,2,2tetrachloroethane HRL of 0.4 µg/L. The Agency believes that this decrease in detections
occurred because commercial production of 1,1,2,2-tetrachloroethane ceased in the mid-1980’s.
Hence, the Agency does not expect 1,1,2,2-tetrachloroethane to occur in many public water
systems today.
The Agency plans to update the Health Advisory document for 1,1,2,2-tetrachloroethane
to provide more recent health information. The updated Health Advisory will provide
information to any States with public water systems that may have 1,1,2,2-tetrachloroethane at
levels above the HRL. If a State finds highly localized occurrence of 1,1,2,2-tetrachloroethane at
concentrations above the HRL, it should consider whether State-level guidance (or some other
type of action) may be appropriate.
The Agency’s regulatory determination for this contaminant is presented formally in the
Federal Register.
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As stated in Chapter 1, EPA is only making regulatory determinations on the Second
Contaminant Candidate List (CCL 2) contaminants that have sufficient information to support a
regulatory determination at this time.
The Agency continues to conduct research and/or to collect information on the remaining
high-priority contaminants to fill identified data gaps. Stakeholders may be concerned that
regulatory determinations for such contaminants should not necessarily wait until the end of the
next regulatory determination cycle. In this regard, it is important to recognize that the Agency
is not precluded from conducting research, monitoring, developing guidance or health advisories,
and/or making a determination prior to the end of the next cycle. In addition, the Agency is not
precluded from regulating a contaminant at any time when it is necessary to address an urgent
threat to public health, including any contaminant not listed on the Contaminant Candidate List
(CCL).
Of the remaining CCL 2 contaminants, the Agency recognizes that the public may have a
particular interest in metolachlor, methyl tertiary butyl ether (MTBE), and the microbial
contaminants. Therefore, this report includes some additional information for these
contaminants in the following sections.
EPA anticipates making a regulatory determination for perchlorate, another CCL 2
contaminant, before the next round of formal CCL regulatory determinations.
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12 Metolachlor
12.1 Definition
Metolachlor is a synthetic organic compound (SOC) with a Chemical Abstracts Service
(CAS) registry number of 51218-45-2. Metolachlor is given the following chemical name: 2chloro-N-(2-ethyl-6-methylphenyl)-N-(2-methoxy-1-methylethyl)acetamide (USEPA, 1995). As
a compound containing one chiral carbon atom, metolachlor can exist as either of a pair of
enantiomers, designated R- and S-. In cases where the isomers are present in equal proportion,
the mixture is referred to as racemic. Most of the information available for metolachlor pertains
to the racemic mixture; however, in certain cases, enantiomer-specific information is presented.
Trade names for metolachlor include Dual, Bicep, Codal, Cotoran multi, Milocep, Primagram,
Primextra, Pennant, and Ontrack 8E (USEPA, 2000 as cited in HSDB, 2004).
12.1.1 Properties and Sources
Metolachlor is an odorless liquid that is clear to white in color when isolated or tan when
in formulations (Budavari, 1996; Tomlin, 1997 both as cited in HSDB, 2004). Metolachlor
belongs to the chloroacetanilide class of herbicides and works through the inhibition of protein
synthesis. It is used on a variety of crops, including corn, soybeans, and sorghum, as well as for
hedgerows and landscape plantings (USEPA, 1995). Metolachlor is often used in formulations
with other pesticides (particularly herbicides) including atrazine, cyanazine, and fluometuron
(Extoxnet, 1993).
Metolachlor is largely manufactured by the Monsanto Company and by the Ciba-Geigy
Corporation (SRI International, 2000 as cited in HSDB, 2004; Extoxnet, 1993). It is most often
produced as a wettable powder. Metolachlor is miscible with benzene, toluene, xylene,
dimethylformamide, ethylene dichloride, cyclohexanone, methanol, and dichloromethane
(Tomlin, 1997 as cited in HSDB, 2004). Other physical and chemical properties of metolachlor
are listed in Exhibit 12-1.
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Exhibit 12-1: Physical and Chemical Properties of Metolachlor
Identification
CAS number

51218-45-2

Molecular Formula

C15H22ClNO2
Physical and Chemical Properties

Boiling Point

100 °C at 0.001 mm Hg 1

Melting Point

- 62.1 °C 2

Molecular Weight

283.80 g/mol 1

Koc

22 - 310 3

Log Kow

3.13 4

Water Solubility

530 mg/L at 20 °C 5

Vapor Pressure

3.14 x 10-5 mm Hg at 25 °C 5

Henry=s Law Constant

9.0 x 10-9 atm-m3/mole at 20 °C 6
3.7 x 10- 7 (dimensionless), predicted 7

Freundlich Isotherm
Constant (K)

98,200 (µg/g)(L/µg)1/n 8

1

Budavari, 1996 (as cited in HSDB, 2004)

2

Tomlin, 1997 (as cited in HSDB, 2004)

3

HSDB, 2004

4

Hansch et al., 1995 (as cited in HSDB, 2004)

5

Wauchope et al., 1992 (as cited in HSDB, 2004)

6

Chesters et al., 1989 (as cited in HSDB, 2004)

7

Speth et al., 2001

8

Speth and Miltner, 1990 (as cited in Speth et al., 2001)

12.1.2 Environmental Fate and Behavior
Due to the relatively low soil/water partitioning of metolachlor, the compound is
expected to be moderately to highly mobile in soil. Substantial leaching of metolachlor from soil
by run-off is expected to occur (USEPA, 1995). The mobility of metolachlor in soil varies
depending on the characteristics of the soil where it is applied: high organic content may
increase sorption (USEPA, 1995).
Based on its relatively low Henry’s Law constant and vapor pressure, metolachlor is
expected to be essentially nonvolatile from soil and water under most environmental conditions
(Lyman et al., 1990 as cited in HSDB, 2004). In soil, microbial activity appears to be the
primary method of degradation of chloroacetanilide herbicides such as metolachlor (Zimdahl and
Clark, 1982; Potter and Carpenter, 1995 both as cited in Rheineck and Postle, 2000). Ahrens
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(1994 as cited in HSDB, 2004) reports half-lives of 67-122 days from field experiments. Halflives under aerobic and anaerobic conditions in a sandy loam soil are reported as 67 days and 81
days, respectively (USEPA, 1995).
Volatilization and photolysis of metolachlor are not expected to be significant removal
mechanisms from water (Lyman et al., 1990 and Chesters et al., 1989 both as cited in HSDB,
2004). Hessler and Frimmel (1992 as cited in HSDB, 2004) found that photolysis is hindered by
the presence of humic substances in water. Other studies have demonstrated an aqueous
photolysis half-life of 70 days and a soil photolysis half-life of 8 days following exposure to
natural sunlight (USEPA, 1995). Metolachlor is relatively resistant to hydrolysis at pH values of
5, 7, and 9, with no significant degradation observed after 30 days (USEPA, 1995). Gustafson
(1989 as cited in HSDB, 2004) reports an estimated hydrolysis half-life in water of 210 days.
Half-lives under aerobic and anaerobic conditions in water are reported as 47 days and 78 days,
respectively (USEPA, 1995). Empirically, the half-life of metolachlor in lake water under
summer conditions was reported to be 11 days (Kochany and Maguire, 1994 as cited in HSDB,
2004).
Metolachlor undergoes biodegradation in soil; five degradates have been identified
(Chesters et al., 1989 as cited in HSDB, 2004). The two primary degradates are metolachlor
ethane sulfonic acid (ESA) and metolachlor oxanilic acid (OA). The transformation by soil
microorganisms of metolachlor to its primary degradates has been suggested to occur as a result
of displacement of the chlorine atom of the parent compound by glutathione, followed by the
formation of the ESA and OA degradates by different enzymatic pathways (Barbash et al.,
1999). The ESA and OA degradates of metolachlor can be persistent in soil; Phillips et al.
(1999a) found that the degradates persisted in agricultural soils for more than four years after
application. The metabolites are also relatively mobile; Thurman et al. (1996 as cited in
Rheineck and Postle, 2000) have attributed their mobility to their greater solubility relative to the
parent compound. Due to their mobility, the metabolites may be transported into ground water
and surface water, and may be detected more frequently and often at higher concentrations than
the parent compounds (Kalkhoff et al., 1998; Rheineck and Postle, 2000; Trent and Paulsen,
2002; Phillips, et al., 1999a; Phillips, et al., 1999b; Eckhardt, et al., 1999). Once in ground
water, the degradation products are likely to persist for long periods of time because microbial
degradation in ground water appears to be limited (Potter and Carpenter, 1995 as cited in
Rheineck and Postle, 2000).

12.2 Health Effects
The Agency established a reference dose (RfD) for metolachlor of 0.1 mg/kg/day based
on a no-observed-adverse-effect level (NOAEL) of 9.7 mg/kg/day and an uncertainty factor (UF)
of 100 (USEPA, 1995). The Agency derived the NOAEL from a one-year chronic feeding study
in beagle dogs where the critical effect was decreased body weight gain. Metolachlor shows
some evidence of causing developmental toxicity effects in rats but none in rabbits. The doses
associated with the developmental effect in rats are greater than the NOAEL and therefore the
NOAEL would be protective against developmental toxicity.
Metolachlor has been evaluated for carcinogenic activity in both rats and mice. No
treatment-related cancer effects were observed in 2 studies using mice. In studies using rats,
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metolachlor caused a significant increase in liver nodules and carcinomas in high dose females.
Negative results from mutagenicity studies suggest that tumors may result from a nonmutagenic
mode of action. In 1991, a peer review committee recommended that metolachlor be classified
as a possible human carcinogen based on increases in liver tumors in the female rat. However, a
peer review conducted in July 1994 recommended that the evidence for cancer was suggestive
and should not be quantified. This recommendation was supported by negative mutagenicity
data and recent metabolism data indicating that the formation of the metabolite presumed to be
the ultimate carcinogen is very low (USEPA, 1995).

12.3 Occurrence and Exposure
12.3.1 Use and Environmental Release
Metolachlor, a broad spectrum herbicide, was first registered in 1976 for general weed
control in noncrop areas. Registration has since been extended to include use on corn, cotton,
peanuts, pod crops, potatoes, safflowers, sorghum, soybeans, stonefruits, tree nuts, non-bearing
citrus, non-bearing grapes, cabbage, certain peppers, buffalograss, guymon bermudagrass for
seed production, nurseries, hedgerows/fencerows, and landscape plantings. Syngenta (formerly
Ciba-Geigy) is the sole producer and primary registrant of metolachlor (USEPA, 1995).
Syngenta currently markets the S-isomer, under the name S-metolachlor, as the active ingredient
in the product Pennant Magnum (Syngenta, 2000).
National estimates of agricultural use for metolachlor are available from several sources.
Using data from the U.S. Department of Agriculture and Resources for the Future and its own
proprietary data, EPA has estimated that approximately 58.7 million pounds of metolachlor
active ingredient (a.i.) were applied annually between 1987 and 1993 on registered agricultural
sites (USEPA, 1995).
According to the National Center for Food and Agricultural Policy (NCFAP), around
1992 approximately 59.4 million pounds of metolachlor a.i. were applied annually to 16 types of
crops on 32.4 million acres, and around 1997 approximately 67.3 million pounds of metolachlor
a.i. were applied annually to 21 types of crops on 36.7 million acres. NCFAP estimates are
based on State-level commercial agriculture usage estimates for the periods 1990-1993 and
1995-1998, and State-level estimates of crop acreage for 1992 and 1997 (NCFAP, 2004). For
more information on NCFAP pesticide use estimates, see Chapter 2.
The United States Geological Survey (USGS) combined data collected by NCFAP with
data from the Census of Agriculture to estimate that 57.9 million pounds of metolachlor a.i. were
used annually in the early 1990s (Thelin and Gianessi, 2000). While USGS has not published
national estimates for 1997, an estimate of approximately 67.0 million pounds a.i. can be
inferred from the “total pounds applied” and “percent national use” data in the 1997
geographical distribution map (see below).
Exhibit 12-2 shows the estimated geographic distribution and intensity of typical annual
metolachlor use in the United States in the late 1990s. A breakdown of use by crop is also
included. The map was created by the USGS using State-level data sets on pesticide use rates
from 1995-1998 compiled by NCFAP, and from county-level data on harvested crop acreage
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obtained from the 1997 Census of Agriculture (USGS, 2004). Due to the nature of the data
sources, non-agricultural uses are not reflected here and variations in use at the county-level are
also not well represented (Thelin and Gianessi, 2000). For background on the USGS pesticide
use maps, see Chapter 2. The map indicates that metolachlor use is heaviest in the Midwest, but
common throughout the country.

Exhibit 12-2: Estimated Annual Agricultural Use of Metolachlor, c. 1997

Source: USGS, 2004

12.3.2 Ambient Water Occurrence
Ambient lakes, rivers, and aquifers are the source of most drinking water. Data on the
occurrence of metolachlor in ambient surface and ground water are available from the National
Water Quality Assessment (NAWQA) program of the USGS. For details on this program, see
the discussion in Chapter 2. NAWQA data have been analyzed independently by USGS and
EPA.
NAWQA National Pesticide Synthesis
Under the NAWQA program, USGS monitored metolachlor between 1992 and 2001 in
representative watersheds and aquifers across the country. Reporting limits varied but did not
exceed 0.013 µg/L.
In surface water (Exhibit 12-3), metolachlor was detected at frequencies ranging from
29.11% of samples in undeveloped areas to 49.74% of samples in urban settings, 71.37% of
samples in mixed land use settings, and 82.74% of samples in agricultural areas. The 95th
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percentile concentrations ranged from non-detects in undeveloped areas to 1.38 µg/L in
agricultural areas. The highest maximum concentration, estimated at 77.6 µg/L, occurred in an
agricultural land use setting (Martin et al., 2003).
Exhibit 12-3: USGS National Synthesis Summary of NAWQA Monitoring of
Metolachlor in Ambient Surface Water, 1992-2001
Land Use
Type
Agricultural
Mixed
Undeveloped
Urban

No. of
Samples (No.
of Sites)
1,887 (78)
1,023 (47)
60 (4)
885 (32)

Detection
Frequency
82.74%
71.37%
29.11%
49.74%

50th Percentile
(Median)
Concentration
0.029 µg/L
0.010 µg/L
<RL
0.003 µg/L

95th Percentile
Concentration

Maximum
Concentration

1.38 µg/L
0.335 µg/L
<RL
0.056 µg/L

77.6 µg/L (E)
9.10 µg/L
0.027 µg/L
2.42 µg/L

Notes:
RL = Reporting limit. Reporting limits for metolachlor varied, but did not exceed 0.013 µg/L.
E = Estimated (outside normal calibration limits)
The USGS National Pesticide Synthesis used one year of data, generally the year with the most sampling results, to represent each
site in this analysis. The sampling results were time-weighted, to eliminate bias from more frequent sampling at certain times of
year. Detection Frequencies and Percentile Concentrations can be interpreted as representing annual occurrence. For instance,
the detection frequency can be thought of as the percent of the year in which detections are found at a typical site in this land use
th
category, and the 95 percentile concentration can be thought of as a concentration that is not exceeded for 95% of the year at a
typical site in this land use category.
Source: Martin et al., 2003

In ground water (Exhibit 12-4), metolachlor detection frequencies ranged from 1.49% of
samples in undeveloped settings to 5.04% in mixed land use settings, 8.98% in urban settings
and 17.0% in agricultural settings. The 95th percentile concentrations were 0.022 µg/L in
agricultural settings, and non-detects in other settings. The highest concentration, estimated at
32.8 µg/L, was found in an agricultural setting (Kolpin and Martin, 2003).
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Exhibit 12-4: USGS National Synthesis Summary of NAWQA Monitoring of
Metolachlor in Ambient Ground Water, 1992-2001
Land Use
Type

Number of
Wells

Detection
Frequency

Agricultural
Mixed (Major
Aquifer)
Undeveloped
Urban

1,443

17.0%

50th Percentile
(Median)
Concentration
<RL

2,717

5.04%

67
835

1.49%
8.98%

95th Percentile
Concentration

Maximum
Concentration

0.022 µg/L

32.8 µg/L (E)

<RL

<RL

2.62 µg/L

<RL
<RL

<RL
<RL

0.005 µg/L
2.09 µg/L

Notes:
RL = Reporting limit. Reporting limits for metolachlor varied, but did not exceed 0.013 µg/L.
The USGS Pesticide National Synthesis considered each well a distinct site in this analysis. Each well was represented by one
sample: normally the first one taken, but possibly a later sample if the first sample was not analyzed for the full range of analytes.
Percentile Concentrations were drawn from the range of detects and non-detects. The method for calculating Percentile
Concentrations varied depending on how much of the data was censored at particular levels by the laboratory.
Source: Kolpin and Martin, 2003

EPA Summary Analysis of NAWQA Data
Whereas the NAWQA program often uses the most representative data for a site to
calculate summary statistics, EPA, with the cooperation of USGS, has performed a summary
analysis of all Cycle 1 water monitoring data from all study units (1991-2001) for many of the
Second Contaminant Candidate List (CCL 2) contaminants being considered for regulatory
determination, including metolachlor. Detection frequencies were simply computed as the
percentage of samples and sites with detections (i.e., with at least one result equal to or greater
than the reporting limit). Note that reporting limits were not uniform. Sample detections can be
biased by frequent sampling in areas with high (or low) occurrence. Calculating the percentage
of sites with detections can reduce this bias. For more details on the data set and the EPA
analysis, see Chapter 2.
The results of the EPA analysis are presented in Exhibit 12-5. Overall, metolachlor was
detected in 53.0% of samples and at 25.4% of sites. Metolachlor was detected more frequently
and at higher concentrations (maximum of 77.6 µg/L) in surface water.
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Exhibit 12-5: EPA Summary Analysis of Metolachlor Data from NAWQA Study
Units, 1992-2001
Concentration Values
Detection Frequency
(of detections, in µg/L)
(detections are results ≥ RL1)
%
% Sites
95th
99th
Number
Samples Number
of
with
Minimum Median Percen- Percen- Maximum
of Sites
with
Samples
Detections
tile
tile
Detections
surface
water
ground
water
all
sites

15,634

68.9%

1,948

62.6%

0.0004

0.028

1.64

7

77.6

6,108

12.3%

5,217

11.4%

0.0002

0.007

0.364

2.43

32.8

21,742

53.0%

7,165

25.4%

0.0002

0.025

1.51

6.71

77.6

1

RLs (Reporting Limits) for metolachlor varied but did not exceed 0.013 µg/L. For more information, see Chapter 2. Note that
because this EPA analysis involves more data points than the USGS analyses presented above, a direct comparison is not
possible.

12.3.3 Drinking Water Occurrence
Nationally representative data on metolachlor occurrence in drinking water were
collected by large and small public water systems in Round 2 (1993-1999) of EPA’s Unregulated
Contaminant Monitoring (UCM) program.
UCM Program, Round 2
Round 2 of the UCM lasted from 1993 to 1999. A geographical cross-section of States
with the most complete and reliable data was chosen to provide a roughly representative picture
of national occurrence in each round. Note that one of the Round 2 cross-section States with
high data quality overall, Massachusetts, had data quality problems specific to metolachlor and
other SOCs, and thus was not included in the cross-section analysis for metolachlor. For more
details on the UCM program, see Chapter 2 and USEPA (2008).
Exhibit 12-6 shows the results from the Round 2 cross-section (excluding
Massachusetts). Results from all States, including those with incomplete and less reliable data,
are also presented for the sake of comparison. Results are analyzed at the level of simple
detections (at or above the minimum reporting level, or ≥ MRL--MRLs varied). Results are also
analyzed at the level of a health reference level (HRL) of 70 µg/L, and at the level of ½ the HRL,
or 35 µg/L. 1
In Round 2 cross-section States, metolachlor was detected at 0.83% of public water
systems (PWSs), affecting 11.58% of the population served, equivalent to approximately 24.7
million people nationally. While detections of metolachlor where primarily found in surface
water systems, no detected concentration of metolachlor exceeded the HRL or ½ the HRL at any
of the PWSs in the Round 2 cross-section of States.
1 The HRL is derived from the RfD by applying a risk management factor of 10 to account for suggestive evidence
of carcinogenicity, and a 20-percent relative source contribution.
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When all Round 2 results are included in the analysis, including results from States with
incomplete or less reliable data, metolachlor occurrence findings appear to be slightly greater
than those observed for the cross-section data. Detections affect 1.20% of PWSs and 14.41% of
the population served. Again, no detected concentration of metolachlor exceeded the HRL or ½
the HRL.
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Exhibit 12-6: Summary UCM Occurrence Statistics for Metolachlor (Round 2)
19 State
Cross-Section1

All Reporting States2

Total Number of Samples

33,930

42,798

--

Percent of Samples with Detections

0.57%

0.86%

--

Frequency Factors

National System & Population
Numbers3

99th Percentile Concentration (all samples)

< MRL

< MRL

--

Health Reference Level (HRL)

70 µg/L

70 µg/L

--

0.01 - 52 µg/L
0.2 µg/L

0.01 - 52 µg/L
0.1 µg/L

--

Maximum Concentration of Detections

13.8 µg/L

13.8 µg/L

--

99th Percentile Concentration of Detections

7.1 µg/L

6 µg/L

--

Median Concentration of Detections

0.61 µg/L

1.0 µg/L

--

12,953
11,503
1,450

14,878
13,062
1,816

65,030
59,440
5,590

47,098,573
14,279,627
32,818,946

59,101,488
15,749,200
43,352,288

Minimum Reporting Level (MRL) - Range
- (modal value)4

Total Number of PWSs
Number of GW PWSs
Number of SW PWSs
Total Population
Population of GW PWSs
Population of SW PWSs
Occurrence by System

213,008,182
85,681,696
127,326,486
National Extrapolation5
Cross-Section
All States
542
778
N/A
N/A
67
214
366
403

Number

Percentage

Number

Percentage

108
0 - 40
13
95

0.83%
0 - 20.00%
0.11%
6.55%

178
0 - 60
47
131

1.20%
0 - 20.0%
0.36%
7.21%

PWSs > 1/2 HRL
Range across States
GW PWSs > 1/2 HRL
SW PWSs > 1/2 HRL

0
0
0
0

0.00%
0 - 0.00%
0.00%
0.00%

0
0
0
0

0.00%
0 - 0.00%
0.00%
0.00%

0
N/A
0
0

0
N/A
0
0

PWSs > HRL
Range across States
GW PWSs > HRL
SW PWSs > HRL

0
0
0
0

0.00%
0 - 0.00%
0.00%
0.00%

0
0
0
0

0.00%
0 - 0.00%
0.00%
0.00%

0
N/A
0
0

0
N/A
0
0

5,452,616
0 - 4,575,644
99,372
5,353,244

11.58%
0 - 44.41%
0.70%
16.31%

8,516,409
0 - 4,575,644
172,839
8,343,570

14.41%
0 - 48.02%
1.10%
19.25%

24,660,000
N/A
596,000
20,769,000

30,694,000
N/A
940,000
24,505,000

Population served by PWSs > 1/2 HRL
Range across States
Pop. Served by GW PWSs > 1/2 HRL
Pop. Served by SW PWSs > 1/2 HRL

0
0
0
0

0.00%
0 - 0.00%
0.00%
0.00%

0
0
0
0

0.00%
0 - 0.00%
0.00%
0.00%

0
N/A
0
0

0
N/A
0
0

Population served by PWSs > HRL
Range across States
Pop. Served by GW PWSs > HRL
Pop. Served by SW PWSs > HRL

0
0
0
0

0.00%
0 - 0.00%
0.00%
0.00%

0
0
0
0

0.00%
0 - 0.00%
0.00%
0.00%

0
N/A
0
0

0
N/A
0
0

PWSs with detections (> MRL)
Range across States
GW PWSs with detections
SW PWSs with detections

Occurrence by Population Served
Population served by PWSs with detections
Range across States
Pop. Served by GW PWSs with detections
Pop. Served by SW PWSs with detections

1.
2.
3.
4.
5.

Summary Results based on 19-State Cross-Section, UCM Round 2 data.
Summary Results based on All Reporting States, UCM Round 2 data.
nd
Total PWS and population numbers are from EPA March 2000 Water Industry Baseline Handbook, 2 Edition.
Because several different analytical methods were used, MRLs were not uniform. The modal value is the most common MRL.
National extrapolations are generated by multiplying the system/population percentages and the national Baseline Handbook system/population numbers.

Abbreviations:
PWS = Public Water Systems; GW = Ground Water; SW = Surface Water; N/A = Not Applicable; Total Number of Samples = total number of samples on record for the
contaminant; 99th Percentile Concentration = the concentration in the 99th percentile sample (out of either all samples or just samples with detections); Median Concentration of
Detections = the concentration in the median sample (out of samples with detections); Total Number of PWSs = the total number of PWSs for which sampling results are
available; Total Population Served = the total population served by PWSs for which sampling results are available; PWSs with Detections, PWSs > 2 HRL, or PWSs > HRL =
PWSs with at least one sampling result greater than or equal to the MRL, exceeding the 2 HRL benchmark, or exceeding the HRL benchmark, respectively; Population Served
by PWSs with Detections, by PWSs > 2 HRL, or by PWSs > HRL = population served by PWSs with at least one sampling result greater than or equal to the MRL, exceeding
the 2 HRL benchmark, or exceeding the HRL benchmark, respectively.
Notes:
-Only results at or above the MRL were reported as detections. Concentrations below the MRL are considered non-detects.
-Due to differences between the ratios of GW and SW systems with monitoring results and the national ratio, extrapolated GW and SW figures might not add up to extrapolated
totals.
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Each of the following maps focuses on a somewhat different aspect of the geographical
distribution of metolachlor occurrence. Exhibit 12-7 identifies all States with at least one PWS
with a detection of metolachlor in Round 2. All States are included in this analysis, including
both cross-section States with reliable data and non-cross-section States with less reliable data,
in order to provide the broadest assessment of possible metolachlor occurrence.
Exhibit 12-8 illustrates the geographic distribution of States with different detection
frequencies (percentage of PWSs with at least one detection). Only cross-section States, which
have the most complete and reliable occurrence data, are included in this analysis.
Massachusetts, normally a Round 2 cross-section State, is excluded from the analysis due to
problems with its metolachlor data.
In each map, States not analyzed are represented in white if they were not included in the
relevant Round or cross-section, or the lightest category of shading if the State was included in
the Round or cross-section but no data are available for metolachlor. The darker shades are used
to differentiate States that have and do not have detections.
These maps reveal no clear geographic pattern of metolachlor occurrence. States with
PWSs with detections are distributed from the east to the west coast, and from the Canadian to
the Mexican borders.

Exhibit 12-7: Geographic Distribution of Metolachlor Detections in Both CrossSection and Non-Cross-Section States (UCM Round 2)

12-19

EPA – OGWDW

Regulatory Determinations Support Document for CCL 2

June 2008

Exhibit 12-8: Geographic Distribution of Metolachlor Detection Frequencies in
Cross-Section States (UCM Round 2)

The nineteen States included in Round 2 enable some temporal assessment of
metolachlor occurrence from 1992 to 1997, presented in Exhibit 12-9. The years with the
greatest number of PWSs with detections were 1992 and 1997, at the beginning and the end of
the monitoring period. A much smaller percentage of PWSs had detections from 1993 through
1996.
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Exhibit 12-9: Annual Frequency of Metolachlor Detections, 1992-1997, in CrossSection States
Percent PWSs ≥ MRL
2.5%

2.0%

1.5%

1.0%

0.5%

0.0%
1992

1993

1994

1995

1996

1997

Pesticides in Ground Water Database (PGWDB)
The Pesticides in Ground Water Database (PGWDB) is a compilation of data from
ground water studies conducted by federal, State, and local governments, the pesticide industry,
and other institutions between 1971 and 1991 (USEPA, 1992). Most of the data are from
drinking water wells. Since PGWDB data come from multiple sources, they should be
interpreted with caution. Results might be biased high, because areas with suspected
contamination are likely to have been sampled more frequently than pristine areas. For further
information on the PGWDB, see Chapter 2.
According to the data compiled in the PGWDB, metolachlor was detected in 213 (0.96
percent) of 22,255 wells. Metolachlor was found in 20 out of 29 States where monitoring was
conducted. The following table shows the range of concentrations by state (USEPA, 1992).

12-21

EPA – OGWDW

June 2008

Regulatory Determinations Support Document for CCL 2

Exhibit 12-10: PGWDB Detections of Metolachlor, 1971-1991
State
Arizona
California
Connecticut
Delaware
Florida
Georgia
Iowa
Illinois
Indiana
Kansas
Louisiana
Massachusetts
Minnesota
Maryland
Mississippi
North Dakota
Nebraska
New Jersey
New York
Ohio
Oklahoma
Oregon
Pennsylvania
South Dakota
Texas
Virginia
Vermont
Washington
Wisconsin

No. of Wells with Metolachlor
Detections
1
0
5
9
4
0
28
7
3
0
0
1
15
1
0
0
6
3
7
71
0
0
15
4
2
11
6
0
14

Range of Detected
Concentrations µg/L
6.9
0.2 – 26.0
0.1 – 12.0
0.150 – 0.520
0.040 – 22.0
0.087 – 12.0
0.3-7.9
0.24
0.10 – 2.4
120.0
trace – 2.32
0.4 – 1.1
0.13 – 112
0.001 – 6.031
trace – 48
0.09 – 0.12
5.3 – 5.7
0.02 – 2.86
1.10 – 7.20
0.08 – 157.0

National Pesticide Survey (NPS)
EPA collected samples from approximately 1,300 community water system (CWS) wells
and rural drinking water wells between 1988 and 1990 for the National Pesticide Survey (NPS).
The survey was designed to provide a statistically reliable estimate of pesticide occurrence in the
nation’s drinking water wells. For details about NPS, see Chapter 2.
With a minimum reporting limit of 0.75 µg/L, metolachlor was not detected in the survey
(USEPA, 1990).
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Community Water System Survey
The 2000 Community Water System Survey (CWSS) (USEPA, 2002a; 2002b) gathered
data on the financial and operating characteristics of a random sample of CWSs nationwide. In
addition, the Survey asked all “very large” community water systems, those that serve more than
500,000 people (a total of 83 systems), to provide monitoring results for five regulated
compounds (arsenic, atrazine, 2,4-D, simazine, and glyphosate) and four unregulated compounds
(radon, methyl tertiary butyl ether [MTBE], metolachlor, and boron), including results from raw
water at each intake and from finished water at each treatment plant. EPA received completed
questionnaires from 58 systems. However, not all systems answered every question. Note that
because reported results are incomplete, they are more illustrative than statistically
representative.
Results of raw water monitoring are aggregated by type of intake. In raw ground water, 4
observations of metolachlor occurrence were reported. Among detects, the median concentration
was 1 µg/L and the 90th percentile concentration was 210 µg/L. Non-detects were reported at
44.9 percent of ground water intakes. In raw surface water, 15 observations of metolachlor
occurrence were reported. Among detects, the median concentration was 1 µg/L and the 90th
percentile concentration was 5 µg/L. Non-detects were reported at 36.7 percent of surface water
intakes (USEPA, 2002b).
Results of finished water monitoring are aggregated by system type. At systems
primarily served by ground water, 2 observations of metolachlor occurrence were reported.
Among detects, the median concentration was 205 µg/L and the 90th percentile concentration
was 210 µg/L. Non-detects were reported at 9.1 percent of treatment plants. At systems
primarily served by surface water, 20 observations of metolachlor occurrence were reported.
Among detects, the median concentration was approximately 0 µg/L (presumably a trace
amount) and the 90th percentile concentration was 4 µg/L. Non-detects were reported at 49.5
percent of treatment plants. At systems primarily served by purchased water, there were no
reported observations of metolachlor. Non-detects were reported at 67.3 percent of treatment
plants (USEPA, 2002b).
Additional Metolachlor Drinking Water Data from the Corn Belt
National metolachlor occurrence data can be augmented by reviewing metolachlor
occurrence data collected in the “Corn Belt” States, where metolachlor use is highest. Data from
Iowa, Illinois, Indiana, and Ohio are available (Hallberg et al., 1996; USEPA, 1999; Kross et al.,
1990; Kolpin et al., 1997).
In Iowa, Safe Drinking Water Act (SDWA) compliance monitoring data from surface
water and ground water PWSs for the years 1988-1995 reveal that approximately 16 percent of
samples analyzed for metolachlor had detections of the compound, with a maximum
concentration of 9.4 µg/L. The 99th percentile concentration of all samples was 2.4 µg/L
(Hallberg et al., 1996). In a comparison of compliance monitoring data from Illinois, Indiana,
and Ohio, mostly collected between 1993 and 1997, the percentage of samples with detections
ranged between 0.5 percent for Ohio and 5.2 percent for Illinois. Illinois also had the highest
percentage (7.3 percent) of PWSs with detections (USEPA, 1999).
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The Iowa State-Wide Rural Well-Water Survey, conducted in 1988-1989 to assess
pesticide occurrence in rural private wells, established a statistically significant correlation
between increasing well depth and decreasing pesticide contamination, as evidenced by the
lower detection frequency of metolachlor in drinking water wells 50 or more feet deep (Kross et
al., 1990). This finding is corroborated by the analysis of Illinois compliance monitoring data
described above. Although only 7.3 percent of all PWSs in Illinois had metolachlor detections,
the rate was approximately 65 percent for surface water PWSs (USEPA, 1999). Nevertheless,
data compiled by the Iowa Groundwater Monitoring Program indicate a significant increase in
median metolachlor concentration in Iowa ground water from 1982 to 1995. The increase in
ground water detections appears to follow the trend of increasing Statewide metolachlor use
(Kolpin et al., 1997).
12.3.4 Occurrence of Metolachlor Degradates
No national data are available on the occurrence of metolachlor degradates in ambient or
drinking water. However, a number of studies have been performed at the local and State level.
These can give an indication of the likely occurrence of degradates in areas where metolachlor is
used.
In a study by the Wisconsin Department of Agriculture, Trade and Consumer Protection,
Wisconsin ground water was sampled from October 1999 to May 2000 for alachlor, acetochlor,
metolachlor and their ESA and OA metabolites (Rheineck and Postle, 2000). The 27 monitoring
wells, 22 private drinking water wells, and 23 municipal wells sampled for the study were
chosen based on past detections of pesticides or proximity to agricultural fields to increase the
probability of detecting the pesticides. (These are not, therefore, representative of average
occurrence, but are wells of known high occurrence.) Results for metolachlor and its degradates
are presented in Exhibit 12-11.
Exhibit 12-11: Wisconsin Ground Water Detections of Metolachlor and
Degradates

Metolachlor
Monitoring Wells
Private Drinking Water Wells
Municipal Wells
Metolachlor ESA
Monitoring Wells
Private Drinking Water Wells
Municipal Wells
Metolachlor OA
Monitoring Wells
Private Drinking Water Wells
Municipal Wells

Detections

Average Detect
(µg/L)

Highest Detect
(µg/L)

15%
36%
0%

1.7
1.4
N/A

2.1
5.9
N/A

78%
91%
39%

14
4.9
1.3

42
18
4.6

63%
86%
35%

9.2
3.7
0.57

32
23
2.7

Source: Rheineck and Postle, 2000.
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In general, the monitoring wells and private drinking water wells showed higher
detection frequencies and concentrations than the deeper municipal water wells. Also, the
metabolites were detected more frequently and in greater concentrations than the parent
compound (Rheineck and Postle, 2000).
A study conducted by Phillips et al. (1999a) also found that acetanilide herbicide
degradates are detected in higher concentrations than parent compounds. In this study, water
samples were collected from April to November 1997 in central New York from tile drains under
agriculture fields. Metolachlor ESA was found in a higher range of concentrations than
metolachlor OA and the parent compound (3.27-23.4 µg/L versus 1.14-13.5 µg/L and 0.01-0.1
µg/L, respectively).
In 1998, USGS, the New York State Department of Environmental Conservation, and
Suffolk County Department of Health Services sampled wells in Suffolk County with known or
suspected pesticide residues. Samples were collected from 50 wells that tap the surficial sandand-gravel water-table aquifer in Suffolk County between May and August. In agricultural
areas, at a common reporting level of 0.05 µg/L, metolachlor was detected in more than 35
percent of samples and metolachlor ESA and OA were detected in about 70 percent. In
residential and mixed land use areas all three compounds were detected in approximately 10
percent of samples (Phillips et al., 1999b).
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Abbreviations
ADHS
AST
ATSDR
AWS
BTEX
BUST
CAA
California DHS
CAS
CBG
CCL 2
Connecticut DPH
CWS
CWSS
DIPE
ETBE
EWG
Florida DEP
GIS
GW
Hawaii DOH
HRL
Iowa DNR
LARWQCB
LUST
Maine DEP
MCL
MDA
MDE
MDEQ
MRL
MTBE
NAWQA
NDEP
NEIWPCC
NESCAUM
New Jersey DEP
NHDES
NPDES
NTNCWS

Arizona Department of Health Services
Above-Ground Storage Tank
Agency for Toxic Substances and Disease Registry
American Water System
Benzene, Toluene, Ethylbenzene, and Xylenes
Bureau of Underground Storage Tanks
Clean Air Act
California Department of Health Services
Chemical Abstracts Service
Clean-Burning Gasoline
Second Contaminant Candidate List
Connecticut Department of Public Health
Community Water System
Community Water System Survey
Di-isopropyl Ether
Ethyl Tertiary Butyl Ether
Environmental Working Group
Florida Environmental Protection
Geographic Information System
Ground Water
Hawaii Department of Health
Health Reference Level
Iowa Department of Natural Resources
Los Angeles Regional Water Quality Control Board
Leaking Underground Storage Tank
Maine Department of Environmental Protection
Maximum Contaminant Level
Michigan Department of Agriculture
Maryland Department of the Environment
Michigan Department of Environmental Quality
Minimum Reporting Level
Methyl Tertiary Butyl Ether
National Water Quality Assessment
Nevada Department of Environmental Protection
New England Interstate Water Pollution Control Commission
Northeast States for Coordinated Air Use Management
New Jersey Department of Environmental Protection
New Hampshire Department of Environmental Services
National Pollutant Discharge Elimination System
Non-Transient Non-Community Water System
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PWS
RFG
RL
SCWC
SRA
STPUD
SW
TAME
TBA
TRI
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USDOE
USGS
UST
VOC
Washington DOE
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Public Health Goal
Public Water System
Reformulated Gasoline
Reporting Limit
Southern California Water Company
Sabine River Authority
South Tahoe Public Utility District
Surface Water
Tertiary Amyl Methyl Ether
Tertiary Butyl Alcohol
Toxics Release Inventory
First Unregulated Contaminant Monitoring Regulation
United States Department of Energy
United States Geological Survey
Underground Storage Tank
Volatile Organic Compound
Washington Department of Ecology
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13 MTBE
13.1 Definition
Methyl tertiary butyl ether (MTBE) is a volatile organic compound (VOC) commonly
used as a gasoline additive. MTBE is also known as methyl t-butyl ether, methyl tert butyl ether,
and 2-methoxy-2-methylpropane. The Chemical Abstracts Service (CAS) registry number for
MTBE is 1634-04-4. It does not have any common trade names.
13.1.1 Properties and Sources
MTBE is a colorless, flammable liquid with a strong, unpalatable odor similar to
turpentine. It does not occur naturally in the environment. MTBE is synthesized from methanol,
a compound derived from natural gas, and isobutylene or other petroleum refinery products
(ATSDR, 1996). Chemically, it is very similar to other ethers such as ethyl tertiary butyl ether
(ETBE) and tertiary amyl methyl ether (TAME) (USEPA, 2003a). However, because of its low
production cost and good blending characteristics, MTBE is the most commonly used oxygenate
added to gasoline to improve air quality (Squillace et al., 1997). Like benzene, toluene,
ethylbenzene, and xylenes (BTEX), MTBE is also used to increase octane in gasoline (Deeb et
al., 2000). Exhibit 14-1 lists some of MTBE’s physical and chemical properties and provides a
comparison to some of benzene’s characteristics.
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Exhibit 13-1: Physical and Chemical Properties of MTBE (and Comparison with
Benzene)
Identification
CAS number

1634-04-4

Molecular Formula

CH3-O-C(CH3)3

Physical and Chemical Properties
Boiling Point

55.2 °C 1

Melting Point

-109 °C 1

Molecular Weight

88.15 g/mol 1

Log Koc

1.05 (estimated) 2
2.89 (calculated) 3
1.04-1.094

1.8-1.99 4
1.5-2.16 4

Density

0.7405 g/cm3 at 20 °C 1

0.8787 g/cm3 at 15 °C 10

Log Kow

1.24 2
1.20 4

2.13 4
1.56-2.15 4

Water Solubility

51,000 mg/L at 25 °C 5
43,000 - 54,3000 mg/L 4

1,780 mg/L 4

Vapor Pressure

245 mm Hg at 25 °C 6
245 - 256 mm Hg at 20 °C 4

76 mm Hg at 25 °C 4
95.19 mm Hg at 25 °C 4

Henry’s Law Constant

5.87 x 10-4 atm-m3/mol at 25 °C 7
0.018 (dimensionless) at 20 °C 4
0.024 (dimensionless), predicted 8
0.055 (dimensionless), from literature 8

5.5 x 10-3 atm-m3/mol at 25 °C 11
0.22 (dimensionless) 4

Freundlich Isotherm
Constant (K)

218 (µg/g)(L/µg)1/n 9

1

Lide, 1994 (as cited in ATSDR, 1996)

2

Gilbert and Calabrese, 1992 (as cited in ATSDR, 1996)

3

USEPA, 1995a (as cited in ATSDR, 1996)

4

Zogorski et al., 1997

5

Bennett and Philip, 1928 (as cited in HSDB, 2004)

6

Merck, 1989 (as cited in ATSDR, 1996)

7

Hine and Mookerjee, 1975 (as cited in ATSDR, 1996)

8

Speth et al., 2001

9

Speth and Miltner, 1990 (as cited in Speth et al., 2001)

10

Merck, 1989 (as cited in ATSDR, 1997)

11

Mackay and Leinonen, 1975 (as cited in ATSDR, 1997)

Benzene
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13.1.2 Environmental Fate and Behavior
MTBE has several properties that increase its persistence and mobility in the
environment once released. Its Henry’s Law constant and high vapor pressure predict
volatilization from moist and dry soil surfaces (HSDB, 2004). However, its high water solubility
and low Henry’s Law dimensionless constant means it dissolves in water more readily rather
than it volatilizes (Fiorenza and Rifai, 2003). MTBE is very mobile in soil, only sorbing weakly
to soil particles. Benzene‘s Koc is almost an order of magnitude higher than MTBE‘s, which
indicates that MTBE adsorbs to soil less than benzene.
MTBE primarily reaches ground water via infiltration of gasoline into water, although
contamination also occurs via vapor-phase diffusion (Dakhel et al., 2003). Once dissolved in
ground water, it generally resists degradation and moves at nearly the same velocity as ground
water. Because of its properties, with enough time and distance MTBE would be expected at the
leading edge of a gasoline plume, or completely separated from the rest of the plume if the
contaminant source were eliminated (Happel et al., 1998).
In 2003 the New England Interstate Water Pollution Control Commission (NEIWPCC)
surveyed the 50 States about MTBE contamination at leaking underground storage tank (LUST)
sites. Twelve States estimate average MTBE plume lengths of up to 250 feet; 10 States estimate
average plumes of 250 to 500 feet, and 2 States (Maine and New York) estimate average MTBE
plumes greater than 500 feet. Twenty-six States estimate maximum MTBE-contaminated
plumes between 1,000 and 5,000 feet, while 16 States do not know the maximum MTBE plume
size (NEIWPCC, 2003).
Other compounds routinely tracked in gasoline spills (e.g., BTEX) are less water-soluble,
more volatile (Zanardini et al., 2002), and slightly more retarded by absorption onto soil solids
(Squillace et al., 1997). For instance, while the solubility of MTBE in water is about 50,000
mg/L, that of benzene is less than 2,000 mg/L (see Exhibit 13-1). BTEX plumes readily
biodegrade, with half-lives ranging from 1 week to 2 years (Howard et al., 1991 as cited in
Squillace et al., 1997). Frequently, BTEX plumes stabilize and recede less than 260 feet from
the release source (Mace et al., 1997 and Rice et al., 1995, both as cited in Stocking et al., 2000).
Older studies found that MTBE resists degradation under anaerobic methanogenic and
sulfate-reducing conditions and anaerobic conditions in landfill-affected aquifer material, soils,
and sludges (Squillace et al., 1996). However, MTBE can be degraded in anaerobic conditions
by naturally occurring microorganisms if nitrate (Bradley et al., 2001a) or Fe(III) and humic
substances (Finneran and Lovley, 2001) are available in the environment. The few anaerobic
degradation studies report long incubation times (Zanardini et al., 2002). The British
Environmental Agency (2002 as cited in Chisala et al., 2004) concludes from a literature search
that anaerobic degradation rates range from 0.0035/day - 0.00035/day (half-lives of 0.54 years to
5.4 years) at hydrocarbon-contaminated sites. The rate of degradation can vary significantly
from site to site, and in some cases no biodegradation at all is observed (British Environmental
Agency, 2002 as cited in Chisala et al., 2004).
Aerobic biodegradation can occur in the laboratory with MTBE supplied as the sole
carbon and energy source (Mo et al., 1997 and Bruns et al., 2001, both as cited in Zanardini et
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al., 2002), with a low microbial growth rate (Steffan et al., 1997, as cited in Zanardini et al.,
2002). Other studies demonstrate co-metabolism of MTBE (Garnier et al., 1999 as cited in
Stocking et al., 2000; Hardison et al., 1997; Steffan et al., 1997 as cited in Zanardini et al.,
2002). One column study noted that MTBE did not degrade in the presence of BTEX
compounds (Church et al., 1999, as cited by Deeb et al., 2000). However, a field study noted
that MTBE degraded simultaneously with benzene and toluene when dissolved oxygen increased
from 2 mg/L or less up to 6-14 mg/L (Landmeyer et al., 2001). MTBE can biodegrade to carbon
dioxide, with intermediate products of tert-butyl alcohol and formaldehyde. Salanitro et al.
(1998, as cited in Zanardini et al., 2002) note that the toxicity of formaldehyde might limit
microbial growth rate. In sediments, the amount of MTBE degradation increased with grain size,
perhaps because oxygen diffusion is higher among larger grains (Bradley et al., 2001b).
Increasing dissolved oxygen stimulates MTBE degradation in field studies (Salanitro et al., 1999
and Javanmardian and Glasser, 1997, both as cited in Deeb et al., 2000; Wilson et al., 2002).
Ground water containing MTBE commonly has low dissolved oxygen because
preferential biodegradation of other fuel components consumes oxygen. Slow field degradation
of MTBE may reflect the rate of re-aeration of the groundwater (Moyer and Kostecki, 2003, as
cited in Chisala et al., 2004). In field experiments, degradation rates of 0 - 0.007 per day (no
degradation to half-lives as short as 99 days) have been reported (Borden et al., 1997, Schirmer
et al., 1999, Moeri et al., 2001, all as cited in Chisala et al., 2004). In the laboratory, Schirmer et
al. (2003, as cited in Chisala et al., 2004) report aerobic rate constants that range from 0.07 to
0.001 per day (equivalent to half-lives of 10 to 693 days). Stocking et al. (2000) report aerobic
biodegradation half-lives of less than a day to 29 days in the laboratory and 1.6 to 1.9 years in
field studies. Several reports also discuss enhanced biodegradation (i.e., Stocking et al., 2000;
USEPA, 2001a; Fiorenza and Rifai, 2003; Fayolle et al., 2001).
According to the Blue Ribbon Panel on Oxygenates in Gasoline (1999), limited data
suggest that the half-life of MTBE is an order of magnitude longer than the half-life of benzene.
Based on this estimate, Johnson et al. (2000) conclude that the half-life for MTBE from leaking
underground fuel tanks would be at least 2 years. On the other hand, Borden et al. (1997) note
that at a Sampson County, North Carolina underground storage tank site MTBE degraded from
10 ± 4.6 mg/L at the source to 0.3 ± 0.4 mg/L at points 88 meters downgradient, with little or no
further degradation at points beyond. Laboratory experiments using soil from the same site
confirmed that under aerobic conditions MTBE degraded from 2.1 mg/L to between 1.0 and 1.5
mg/L within 93 days and then remained relatively constant.
MTBE volatilizes from surface waters. Half-lives in rivers and streams can be greater
than one day (Squillace et al., 1996). Factors that affect the volatilization rate of MTBE in
surface water include water velocity, water depth, water temperature, wind speed, and air
temperature. In deep, slow-moving flows, MTBE volatilizes at rates similar to those of the
BTEX compounds. In shallow, fast-moving flows, MTBE volatilizes more slowly than benzene
(Squillace et al., 1996). The USEPA’s 1998 Research Needs document (USEPA, 1998a) notes
that progress is being made on modeling the fate of MTBE in soils, ground water, and surface
water.
If released to air, vapor-phase MTBE will be degraded in the atmosphere by reaction
with nitrate radicals and photochemically-produced hydroxyl radicals; half-lives for these
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reactions in air are estimated to be 50 and 5.5 days, respectively. Direct photolysis is not
expected to be an important removal process (HSDB, 2004). According to Squillace et al.
(1997), the half-life of atmospheric MTBE can be as short as 3 days. Some vapor-phase MTBE
will partition to atmospheric water, including precipitation. Squillace et al. (1997) observe that
atmospheric MTBE can contribute as much as 3 µg/L MTBE to urban precipitation, but that
precipitation does not significantly reduce the concentration of MTBE in air.

13.2 Health Effects
In 1997, EPA issued a drinking water advisory of 20 to 40 ppb based on taste and odor
(USEPA, 1997). EPA is currently revising its health risk assessment for MTBE. The status of
the MTBE health risk assessment can be found on the IRIS Chemical Assessment Tracking
System at the following website: http://cfpub.epa.gov/iristrac/index.cfm (USEPA, 2006a).

13.3 Occurrence and Exposure
13.3.1 Use and Environmental Release
MTBE Production and Consumption
MTBE is primarily used as an additive in gasoline to enhance gasoline octane and/or to
increase the oxygen content of gasoline. Limited amounts are used medically to dissolve
gallstones and as a laboratory solvent for designated EPA analytical methods (ATSDR, 1996).
The Agency for Toxic Substances and Disease Registry (ATSDR) reports a dramatic increase in
MTBE production during the 1980s (ATSDR, 1996). According to the U.S. Department of
Energy (USDOE, 2000), MTBE demand increased from 83,000 barrels per day in 1990 to
161,000 barrels per day in 1994 and 269,000 or more barrels per day in 1997. (One barrel is
equivalent to 42 U.S. gallons.) Since 1993, MTBE has been the second most widely
manufactured organic chemical in the United States (USEPA, 1998b). According to available
estimates, annual MTBE production peaked in 1999 (see Exhibit 13-2). Figures compiled by
USDOE (2003) indicate that domestic consumption of MTBE also peaked in 1999.
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Exhibit 13-2: MTBE Production in the United States
Production in Barrels1

Year

Production in Liters

1980

1.65 million barrels2

0.26 billion L5

1995

68.0 million barrels5

10.8 billion L3

1998

75.0 million barrels2,4

11.9 billion L5

1999

78.9 million barrels4

12.5 billion L5

2000

77.5 million barrels4

12.3 billion L5

2001

77.5 million barrels4

12.3 billion L5

2002

74.6 million barrels4

11.9 billion L5

2003

61.2 million barrels4

9.7 billion L5

2004

48.1 million barrels4

7.6 billion L5

1

One barrel = 42 U.S. gallons

2

Grady and Casey, 2001

3

Zogorski et al., 1997 (converted from 8 billion kg using a ratio of 0.74 kg per liter)

4

USDOE, 2005

5

Calculated (1 barrel = approximately 159 liters)

Use of MTBE as an octane-enhancing replacement for lead additives in gasoline began in
1979 (USEPA, 1998b). The first standards for a gradual phase-out of lead were issued by EPA
in 1973, and the lead ban was complete in 1995 (USEPA, 2005a). Today, regular unleaded
gasoline generally contains approximately 3 to 8 percent MTBE (Maine, 1998). MTBE has been
used to increase octane throughout the U.S. (Landmeyer et al., 2001). Other octane enhancers
widely used in gasoline include ethanol, alkylates, and aromatic compounds. According to one
U.S. Department of Energy report, in 1997 approximately 12,000 barrels of MTBE per day, or
close to 5 percent of total MTBE consumption, went toward octane enhancement in conventional
gasoline (Lidderdale and Bohn, 1999; 65 FR 16097). A subsequent report suggests that the
amount of MTBE used to raise octane in conventional gasoline has varied significantly from
year to year, rising from negligible amounts in 1995 to approximately 46,500 gallons, or 16
percent of total MTBE consumption, in 2001 (Lidderdale, 2003).
In the 1990s, MTBE use increased due to two programs established by the 1990
Amendments to the Clean Air Act (CAA) that require oxygenated gasoline. In 1992 EPA
implemented the Wintertime Oxygenated Fuel (wintertime oxyfuel) program for metropolitan
areas with elevated levels of carbon monoxide. About 4 percent of the nation’s gasoline is
oxyfuel. The oxyfuel program requires gasoline to have an oxygen content of 2.7 percent by
weight (USEPA, 1998b). Although ethanol is the most common oxygenate used to meet this
requirement (7.3 percent by volume), MTBE is also sometimes used at concentrations of up to
15 percent by volume (USEPA, 1998b; 65 FR 16097).
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In 1995 EPA established the Federal Reformulated Gasoline (RFG) program, which
requires gasoline used in the nation‘s most polluted metropolitan areas to contain 2 percent
oxygen by weight. In 1998 this requirement applied to about 30 percent of the nation’s gasoline.
The requirement can be met with 11 percent MTBE or 5.4 percent ethanol (by volume)
(USEPA, 1998b). MTBE is the primary oxygenate in over 87 percent of RFG, while ethanol is
used in approximately 12 percent (65 FR 16097). The “non-attainment areas” required to
participate in the program are metropolitan areas where ozone levels are too high. Other areas of
the country voluntarily “opt in” to the RFG program to improve air quality. The total number of
areas participating in the RFG program may change from year to year, depending on “opt-ins”
(USEPA, 2000a). A list of participating and formerly participating areas is available on the
Internet (USEPA, 2005b). There is considerable variation in the extent to which participating
areas rely on MTBE. Some areas are in States or localities that have implemented MTBE bans
(so other oxygenates are used). In Chicago, for example, MTBE was banned in 2000, and four
years later a Statewide ban went into effect in Illinois (Lidderdale, 2003).
Information on the geographic distribution of MTBE consumption (see Exhibit 13-3) is
available from Lidderdale (2003). In 2001, approximately 33 percent of the MTBE used to
comply with Clean Air Act requirements was consumed in California. At that time, California
had State emission standards that were stricter than the federal program, but had not yet banned
MTBE. Other States consuming large amounts of MTBE in RFG and Oxygenated Fuel in 2001
included Texas (13 percent of U.S. consumption), New Jersey (11 percent), New York (9
percent), and Massachusetts (7 percent). The twelve Northeastern and Mid-Atlantic States
studied in depth by the United States Geographical Survey (USGS) (Grady and Casey, 2001--see
study description in Section 13.3.3, below) accounted for about 50 percent of the MTBE used to
comply with Clean Air Act requirements in 2001.
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Exhibit 13-3: Consumption of MTBE in RFG and Oxygenated Fuel in 2001
MTBE use
(in 1,000 barrels/day)
3.6
79.7
9.4
3.0
0.7
2.2
12.6
16.8
3.2
3.2
27.1
21.1
9.7
2.6
30.5
13.6

State
Arizona
California
Connecticut
Delaware
District of Columbia
Kentucky
Maryland
Massachusetts
Montana
New Hampshire
New Jersey
New York
Pennsylvania
Rhode Island
Texas
Virginia

Note: These numbers do not include MTBE used for octane enhancement in conventional gasoline.
MTBE is one of several oxygenates used to meet federal RFG and Oxygenated Fuel requirements.
Source: Lidderdale, 2003

The Energy Policy Act of 2005 (also known as the “Energy Bill,” or H.R.6), signed on
August 8, 2005, amended the CAA. Some of the amendments are expected to reduce the amount
of MTBE used in gasoline. In particular, Section 211(k)(2) of the CAA no longer contains
minimum oxygen content requirements for RFG (see 71 FR 8965 and 71 FR 26691). However,
RFG must maintain the pollutant emissions reductions required by Section 211(k)(1). Unlike
earlier House drafts, the bill does not give “safe harbor” to protect manufacturers of gasoline
containing MTBE from defective product liability suits filed because of drinking water
contamination (McCarthy and Tiemann, 2005). In response, at least one major U.S. oil refiner
has announced it would cease MTBE production altogether (Vaughan, 2005). In addition, at
least 25 states have passed laws banning or limiting the use of MTBE, with effective dates
ranging from 2000 to 2009 (see Exhibit 13-22, below). The Department of Energy projects that
MTBE use in gasoline will be entirely phased out in the United States by the end of 2008
(USDOE, 2006).
MTBE Releases to the Environment
MTBE’s widespread use as a gasoline additive provides a number of opportunities for
release of MTBE to the nation‘s ground and surface waters. According to the Alliance for
Proper Gasoline Handling (1999), each year approximately 9 million gallons of gasoline are
released to the environment in the United States from leaks and spills. Leakage from gasoline
storage and distribution systems is a major source of both aboveground and underground
contamination.
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Underground storage tanks (USTs) and other gasoline storage and distribution facilities
are responsible for releasing large volumes of gasoline into the environment. In 1984, the State
of Maine estimated national releases from leaking USTs to be 11 million pounds (Feliciano,
1984 as cited in ATSDR, 1995). More recent estimates are not available. Releases cause high
concentrations of MTBE in soil and ground water relatively near the contaminant release (or
“source”) area, and in the MTBE-containing plumes that extend outward from the source. There
are approximately 760,000 regulated gasoline USTs in the U.S. In addition, there are
approximately 3 to 4 million underground fuel storage tanks (e.g., smaller farm and residential
gasoline storage tanks and home heating oil tanks) exempt from Federal regulations (65 FR
16100). Some States regulate heating fuel tanks. A 2000 survey of State UST program offices
by the NEIWPCC, funded by EPA’s Office of Underground Storage Tanks, indicates that 35
States find MTBE at least 20 percent of the time they sample for it in ground water at gasolinecontaminated sites, and 24 States find MTBE at least 60 percent of the time, out of 46 States
providing responses to that question (NEIWPCC, 2000). Results from a follow-up survey in
2003 are comparable (NEIWPCC, 2003). Forty-one States indicated that they request analysis
for MTBE in ground water 80 to 100 percent of the time at LUST sites for at least one type of
fuel (gasoline, heating oil, jet fuel, etc.) (NEIWPCC, 2003). In California, 78 percent of LUST
sites where gasoline has impacted ground water are positive for MTBE (Happel et al., 1999).
See Exhibit 13-4 for a comparison of the number of States reporting contamination (at any
concentration) at public and private drinking water wells in 2000 and 2003.

Exhibit 13-4: MTBE Contamination Reported by States
2000 Survey
private wells public wells
Number of States reporting no
detections at wells
Number of States reporting
detections at between 1 and 50 wells
Number of States reporting
detections at more than 50 wells

2003 Survey
private wells public wells

3

5

3

3

14

21

12

19

9

6

17

7

State reporting the highest number
of contaminated wells

New York
(866 wells)

Connecticut
(255 wells)

Number of States that “don’t know”
Total number of responding States

16
42

16
48

New
Hampshire
(over 30,000
wells)
13
44

New
Hampshire
(350 wells)
13
42

Note: In the 2000 survey, Puerto Rico was included among responding “States.” In the 2003 survey, Idaho is double-counted, as
both “none” and “between 1 and 10 private wells.”
Sources: NEIWPCC, 2000 (question 16a); NEIWPCC, 2003 (question 27)

In 2000, twenty-five State UST program offices reported finding at least one case of soil
or ground water MTBE contamination even where no release was documented (NEIWPCC,
2000). In 2003, twenty-three offices reported finding contamination that could not be
attributable to USTs; suspected sources included above-ground storage tanks (ASTs), auto
accidents, auto maintenance, lawn mowers, and improper handling and storage (NEIWPCC,
2003).
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EPA requirements for USTs were phased in between December 1988 and December
1998 (USEPA, 1995b). Vapor recovery systems capture vapors released during the filling of the
UST (Stage I) or the fueling of vehicles (Stage II) and return them to the vessel the liquid fuel
came from (i.e., the tank truck or UST). Stage II vapor recovery systems are required in
moderate or worse ozone non-attainment areas (USEPA, 2004a). Some vapor recovery systems,
called “assisted” or “vacuum-assist” systems, use vacuum pumps to capture fumes from the
vehicle’s gasoline tank. EPA estimates that by September 2004, approximately 64 percent of
active UST systems were in significant operational compliance with all leak detection and
release prevention requirements (USEPA, 2005c). However, according to recent studies,
summarized below, even fully compliant USTs can be sources of MTBE contamination. Recent
research has focused on gasoline USTs and the role of vapor releases. With a pure-phase vapor
pressure of 251 mg Hg, MTBE volatilizes more readily than BTEX compounds and ethanol,
whose pure-phase vapor pressures are 2.5 to 31 times lower. The partial pressure of a
constituent compound of gasoline is equal to its pure-phase vapor pressure multiplied by its
fractional content in the gasoline. When MTBE is used in gasoline, it is often present at
concentrations higher than the BTEX compounds, which makes it volatilize even more readily
(Day et al., 2001; API, 2000).
Levine-Fricke (1999) conducted a preliminary investigation of in-compliance UST
facilities in Santa Clara, California, and found evidence of MTBE ground water contamination at
13 of 27 facilities. MTBE concentrations ranged from 1 µg/L to 200,000 µg/L; five facilities
had concentrations above 1,000 µg/L. The study found a statistically significant correlation
between facilities with assisted vapor recovery systems and facilities with MTBE contamination.
A follow-up study by Tulloch (2000) evaluated 16 active UST facilities in Santa Clara known to
have high concentrations of MTBE in ground water to determine the likely source and cause of
contamination. The investigators found that in 13 of the 16 cases the contamination was likely
due to undetected releases from the current UST system. In two cases the points of release were
positively identified. In other cases no point of release could be confirmed, but inspection
revealed deficiencies in tanks, sumps, lined trenches, and/or piping that could be responsible.
Nine of the USTs had records of monitoring problems or violations. The investigators concluded
that both single-walled and double-walled systems can fail, and that increased vigilance is
necessary.
In a statewide California study, Young and Golding (2002) used a sensitive commercial
leak detection method to monitor vapors at 182 USTs at 55 randomly selected facilities.
Releases (as determined by the presence of a tracer chemical) were observed at 61 percent of the
USTs and at 80 percent of the facilities. One release was a liquid phase release from a singlewalled UST. The remaining cases were vapor-phase releases, and double-walled tanks appeared
to be no better at preventing releases than single-walled tanks. The largest release was a vapor
release of 0.4 gallons per day. Most releases (including the liquid release) were less than 0.04
gallons per day. It is likely that none of the releases observed in this study would be detected by
conventional leak detection methods, since the greatest sensitivity required of leak detection
methods under current regulations is 0.1 gallons per hour (or 2.4 gallons per day). Components
of the tank top were the most likely source of tracer releases. According to Lynn (2004),
Vermont remedial UST investigations confirm that vapor could escape from many tank-top
components, including vent lines, ancillary risers, caps, in-tank monitor wiring fittings, and
Stage I vapor-recovery poppets.
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In an investigation of five USTs, the New Hampshire Department of Environmental
Services (NHDES) (Lynn, 2004) determined that both USTs with vacuum-assist vapor recovery
systems and those without vacuum-assist recovery systems had positive pressure. Further
investigation of two vacuum-assist USTs with vapor releases showed that pressure decreased at
night, suggesting that vapors were escaping the tank system. DES confirmed this using a
technology to manipulate tank pressure and a tracer chemical. When pressure in the tank system
was reduced, the amount of vapors released into the soil diminished.
Transport provides additional opportunities for potential MTBE contamination. Pipelines
are used to transport billions of gallons of crude oil and refined products annually in the United
States. Gasoline may travel through thousands of miles of pipelines, or be transported by truck
to terminals and bulk stations. From there, it may be transported to fleet storage facilities, retail
outlets, or above- or underground tank facilities by truck. Spills and accidental releases can
occur at any point in these processes. Residual gasoline in transport conduits may also
contaminate different types of fuels that are transported through the same conduits at other times,
which may explain the presence of MTBE in home heating oil, jet fuel, and diesel fuel (65 FR
16100). The Michigan Department of Environmental Quality (MDEQ) surmised that gasoline
containing less than 2.2 percent MTBE by volume results from mixing in pipeline distribution
(MDEQ, 2000 as cited in Delzer and Ivahnenko, 2003a).
Releases from automobile accidents, tank truck spills, improper consumer disposal, and
spills during fueling operations have been identified as sources of contamination of drinking
water wells. Gasoline-powered watercrafts contribute to MTBE contamination of lakes and
reservoirs. For example, Shasta Lake, California, reached 9-88 µg/L MTBE over the Labor Day
weekend in 1996. Pre-1998 outboard and personal watercraft two-stroke engines can discharge
up to 30 percent of gasoline as unburned hydrocarbons. Stormwater runoff and air deposition
can also play a role in low-level MTBE contamination of water resources (65 FR 16096).
Zogorski et al. (1997) report that ambient air concentrations of MTBE in a number of U.S. cities
range from 0.13 to 4.6 parts per billion by volume.
When used as a gasoline additive, MTBE concentrations are high, starting at 20,000,000
parts per billion (ppb) for 2 percent volume to improve octane. Exhibit 13-5 compares some
MTBE concentrations at the high end of the ranges found in various media.
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Exhibit 13-5: Examples of High MTBE Concentrations in Various Media
Where Found
Oxygenated Gasoline1
Conventional Gasoline1

MTBE
concentration
110,000,000 ppb 150,000,000 ppb
20,000,000 ppb 30,000,000 ppb

Ground Water

9,132,000 µg/L

Ground Water

1,000,000 µg/L

Ground Water

200,000 µg/L

Ground Water

200,000 µg/L

Ground Water

100,000 µg/L

Ground Water

64,000 µg/L

Private Well Water

6,500 µg/L

Comments
typically 11% to 15% by volume (API, 2000)
typically 2% to 3% by volume, when added for octane
enhancement (API, 2000)
measured at the core of a LUST plume in Texas
(NEIWPCC, 2003)
plumes with concentrations higher than this are rarely
seen higher in the field, according to API (2000)
measured near a gasoline spill (Zogorski et al., 1997)
measured near an in-compliance UST
(Levine-Fricke, 1999)
20 States report finding concentrations higher than this
at the center of LUST plumes (NEIWPCC, 2003)
measured near an in-compliance UST (Shively, 2004)
measured near an auto accident (65 FR 16099)

1

As presented here, MTBE concentrations in gasoline are not converted from parts per billion (ppb) to micrograms per liter (µg/L).
In water, 1 ppb = 1 µg/L (because 1 gram is the mass of 1 cubic centimeter of water and 1,000 cubic centimeters = 1 liter), but in
gasoline, a less dense fluid, this equivalency does not hold. Nevertheless, if MTBE concentrations in gasoline were converted to
µg/L, the results would be on the same order of magnitude as the ppb values presented here.

MTBE is listed as a Toxics Release Inventory (TRI) chemical. For a discussion of the
nature and limitations of TRI data, see Chapter 2. TRI data for MTBE (see Exhibit 13-6) are
reported for the years 1988 to 2003. On-site air emissions dominate total releases; these peaked
in 1998 at over four million pounds. Annual releases by other routes fluctuated between
hundreds of pounds and hundreds of thousands of pounds during the period on record. Releases
of MTBE were reported from all States except North Dakota and Vermont (USEPA, 2006b).
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Exhibit 13-6: Environmental releases (in pounds) of MTBE in the United States,
1988-2003
Year
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003

On-Site Releases
Air
Surface Water Underground
Emissions
Discharges
Injection
2,588,247
21,499
14,400
3,223,014
37,440
19,300
2,976,906
42,668
112,400
3,270,121
30,903
81,690
3,139,291
102,869
68,445
3,780,143
94,261
9,406
3,188,678
92,140
29,645
3,300,759
78,555
15,238
3,098,099
117,760
179,624
2,658,874
162,116
16,720
4,225,523
66,347
51,707
3,779,740
121,186
20,677
3,462,233
123,536
33,336
3,064,142
67,191
49,677
2,957,648
68,693
79,089
2,432,275
60,617
83,905

Releases
to Land
370
1,290
1,501
2,903
288
409
2,226
3,800
26,569
124
3,209
6,606
10,556
4,255
1,527
52,241

Off-Site
Releases
4,602
4,623
7,696
6,348
15,329
134,331
117,854
47,841
243,430
119,851
265,679
261,297
34,756
35,901
80,570
142,223

Total On- &
Off-site
Releases
2,629,118
3,285,667
3,141,171
3,391,965
3,326,222
4,018,550
3,430,543
3,446,193
3,665,482
2,957,685
4,612,465
4,189,506
3,664,417
3,221,165
3,187,527
2,771,261

Source: USEPA, 2006b

Although MTBE production has been declining since 1999 and the use of MTBE in
gasoline is expected to cease by 2008 (see above), contamination of drinking water wells is
likely to continue because of existing soil and ground water contamination and continued
MTBE-contaminated plume movement. Johnson et al. (2000) place the time scale of the threat
of contamination in the range of tens to hundreds of years, based on the expected lifetime of
LUSTs, the concentration of MTBE in such sources, estimated rates of attenuation in ground
water, and the potential distance plumes might travel before reaching community water systems
(CWSs).
13.3.2 Ambient Water Occurrence
Ambient waters are lakes, rivers, and aquifers that serve as sources of drinking water.
Data on the occurrence of MTBE in ambient surface and ground water are available from the
National Water Quality Assessment (NAWQA) program of the USGS. For details on this
program, see the discussion in Chapter 2. NAWQA data have been analyzed independently by
USGS and EPA. USGS has also collected data on MTBE occurrence in a review of highway
and urban runoff studies. For additional perspective, State studies are also summarized in this
section.
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USGS NAWQA VOC National Synthesis
Random and Focused VOC Surveys and Literature Review
In collaboration with the Metropolitan Water District of Southern California and the
Oregon Health & Science University, and with funding from the American Water Works
Research Foundation, USGS recently conducted an assessment of the occurrence of MTBE and
other VOCs in the nation’s source waters. The assessment included a random survey of VOC
occurrence in ground and surface water resources used by geographically representative CWSs
in different size categories (Grady, 2003) and a focused survey of VOC occurrence patterns,
including seasonal variability, in source waters considered particularly susceptible to MTBE
contamination (Delzer and Ivahnenko, 2003b). Analytes included MTBE, three other ether
oxygenates used in gasoline, and 62 additional VOCs. The reporting limit for MTBE was 0.2
µg/L (Ivahnenko et al., 2001). The effort, which relied on data from NAWQA study units and
others sources, was the culmination of USGS recently completed national VOC sampling
program (or VOC National Synthesis).
The random survey sampled MTBE occurrence in ground and surface water sources used
by 954 geographically representative CWSs in different size categories (Grady, 2003).
Following a quality control review, 934 of the 954 samples were used to determine MTBE
occurrence. At the reporting limit of 0.2 µg/L (25 times lower than the First Unregulated
Contaminant Monitoring Regulation [UCMR 1] minimum reporting level), the random survey of
source waters found MTBE in 8.7 % of the samples (5.4% of ground water samples and 14% of
surface water samples). Among detections, the median concentrations in ground water,
reservoirs, and rivers were 0.71 µg/L, 0.67 µg/L, and 0.32 µg/L, respectively (Grady, 2003).
Only 3 samples (0.3%) had concentrations that exceeded 5 µg/L. These were from a surface
water site in Texas (6.12 µg/L), a ground water site in Florida (6.31 µg/L), and a surface water
site in California (19.5 µg/L) (USGS, 2003). Grady (2003) provides detection statistics for five
different size categories. Aggregating these categories, it can be calculated that source waters of
systems serving over 10,000 people had a combined detection frequency of 14.4%, while source
waters of systems serving 10,000 people or fewer had a combined detection frequency of 4.2%.
MTBE detections were five times more frequent in areas with high MTBE use than in areas with
low or no MTBE use.
The focused survey investigated 134 CWS source waters (56 surface and 78 ground
water) between 1999 and 2001 (Delzer and Ivahnenko, 2003b). Included were 57 source waters
known to contain MTBE (including source waters found to have MTBE levels above 0.5 µg/L in
the random survey), plus 77 source waters thought likely to be contaminated with MTBE,
usually on the basis of high population density and high current or historical rates of MTBE use
in gasoline. Each of 78 groundwater sites was sampled twice during a one-year period; 39
reservoir and lake sites were each sampled quarterly for one year, and 17 stream sites were each
sampled eight times per year for one year. At the reporting limit of 0.2 µg/L, MTBE detections
were found in 55.5% of sites (60.0% of ground water sites and 49.1% of surface water sites)
(Delzer and Ivahnenko, 2003b). In ground water, the highest MTBE concentration was either
924 µg/L (as listed in Table D-1 of the published report) or 926 µg/L (according to the focused
study data made available to the public in spreadsheet form) (Delzer and Ivahnenko, 2003b;
USGS, 2003). Seventeen groundwater systems had MTBE detections that exceeded 5 µg/L, and
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seven of these systems had detections greater than 20 µg/L. The highest MTBE concentration in
surface water was 14 µg/L. Four surface water systems had detections that exceeded 5 µg/L
(USGS, 2003). Although the presence of gasoline oxygenates as a class varied seasonally in
lakes and reservoirs, a phenomenon attributed by the study authors to increased use of motorized
watercraft during the spring and summer months, no seasonal MTBE occurrence patterns were
detected in any type of source water (Delzer and Ivahnenko, 2003b).
Before assessing MTBE in the nation’s drinking water supplies, USGS conducted a
literature review (Delzer and Ivahnenko, 2003a). Of greatest interest here (since most other
studies in the literature review are discussed elsewhere in this chapter) is a compilation of results
from individual States. Thirteen States conducted their own assessments of MTBE occurrence,
primarily in source water. The State reports ranged from full inventories of CWS drinking water
and selected private residential wells to results of contaminated domestic wells and voluntary
sampling of source waters (see Exhibit 13-7). The States reported maximum MTBE
concentrations of 8.39 µg/L in Alabama, 610 µg/L in California, 110 µg/L in Connecticut, 166
µg/L in Florida, 63 µg/L in Iowa, 1,250 µg/L in Kansas, 30.2 µg/L in New Jersey, and 1,700
µg/L in Wisconsin. Illinois, Maine, Maryland, Michigan, and Missouri also submitted data, but
not enough to determine a maximum concentration. USGS noted that study findings from the
various states could not be directly compared or used to estimate national exposures, given the
different reporting levels, sampling frequencies, and sources (public source water, private wells,
etc.).

Exhibit 13-7: Statewide Assessments of MTBE
State Survey Summary

Alabama: complete 2000 survey
of 575 PWSs. Sampling at 1,053
sources (87 surface water
sources, 27 springs, 939 wells)
California: partial survey of PWS
source waters, covering 105 of
245 surface water sources (3,000
samples) and 2,988 of 13,919
PWS wells in 1996-1997;
supplemented by mixed surface
and ground water info from DHS
database (50,748 samples
collected between 1989 and 2001)
Connecticut: 1999 annual report
on organics testing at PWSs
(total number of PWSs not
reported)
Florida: 8,739 samples collected
from 1,692 public water supplies
since early 1990s.

wells: 0.53%

Median
Detected
Concentration
wells: NA

Maximum
Detected
Concentration
wells: 8.4 µg/L

springs: 0%

springs: NA

springs: NA

surface water
sources: 0%

surface water
sources: NA

surface water
sources: NA

surface water
sources: 46.7%

surface water
sources: NA

surface water
sources: > 14
µg/L (26%)

wells: 1.2%

wells: NA

wells: NA

DHS database:
1.1%

DHS database:
3.6 µg/L

DHS database:
610 µg/L

0.5 - 2.0
µg/L

NA (detected in 57
sources waters in
40 towns)

2.7 µg/L

110 µg/L

NA

4.9% of samples,
1.2% of PWSs
(89% of the detects
were from two
PWSs)

1.4 µg/L

166 µg/L

Reporting
Limit (RL)

0.5 - 2.0
µg/L

NA

DHS
database:
NA

Detection
Frequency
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Illinois: monitoring since 1994 at
approximately 80% of the State’s
1,200 CWSs, most of which (92%)
utilize ground water

Iowa: 530 samples collected from
235 PWS wells in “vulnerable
bedrock regions” in 1999; plus
sampling of drinking water
supplies in several cities since the
1990s
Kansas: 27,935 samples from
1,122 PWS wells, collected 1996 2000

Maine: survey of 793 of 830 public
water supplies and 951 private
household water supplies in 1998

Reporting
Limit (RL)

0.5 - 1.0
µg/L

bedrock
project: 15
µg/L

bedrock project: 8
sample detections
< 15 µg/L

Median
Detected
Concentration

NA

bedrock
project: < 15
µg/L

Maximum
Detected
Concentration
NA
(IL states that
most of the
concentrations
were unlikely
to cause
adverse health
effects)
bedrock
project: < 15
µg/L
cities: 63 µg/L
in Alvord’s
water supply
before well
abandoned

cities: NA

cities: NA

cities: NA

NA

1.6% of wells

NA

1,250 µg/L

public
supplies: NA

public
supplies: < 35
µg/L

public supplies:
15.8% (6% had
concentrations in
the range of 1-35
µg/L)
0.1 µg/L
private supplies:
15.8%; (6.6% had
concentrations in
the range of 1-35
µg/L)
PWSs: 7.8%

0.5 µg/L

Michigan: 31,557 samples from
18,046 CWS, NCWS, and private
wells from 1987 through 1999

1.0 µg/L

Missouri: MO has monitored
MTBE in 1,685 PWSs since 1994

5 µg/L

Wisconsin: 2,271 wells (mostly
private) sampled since 1990

Detection
Frequency
2.7% of active
systems, plus three
systems that
abandoned wells
following MTBE
contamination

Maryland: 1,084 PWSs surveyed
since 1995; data also collected on
private wells contaminated by
LUSTs

New Jersey: samples from
approximately 400 CWSs from
1997 to 1998; plus a random
sampling of 104 domestic wells

June 2008
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PWSs: 0.5
µg/L

private
wells: 0.1
µg/L
12 µg/L

private
supplies: NA

private
supplies: > 35
µg/L (1.1% of
supplies)

PWSs: NA

PWSs: > 20
µg/L (11
systems)

private wells:
NA

private wells:
NA

2.9% of samples
and 3.0% of wells

NA

> 240 µg/L (29
samples)

0.1% of monitored
PWSs statewide (2
PWSs)

NA

NA

private wells: NA
(270 wells with
detections out of
an unspecified
number sampled)

PWSs: 14.8%

private wells:
35.6%
4.4% of wells (96
private wells and 3
public wells)

PWSs: NA
private wells:
0.48 µg/L
(average of
medians from
4 sampling
areas)
NA

NA = not available
Source: Delzer and Ivahnenko, 2003a (see this literature review for full citations for State studies)

13-24

PWSs: 8.4
µg/L

private wells:
30.2 µg/L
1,700 µg/L
(private well)

EPA – OGWDW

June 2008

Regulatory Determinations Support Document for CCL 2

Compilation of Historical VOC Monitoring Data
USGS assessed VOC occurrence in untreated ambient ground water samples collected
between 1985 and 1995 by local, State, and federal agencies (Squillace et al., 1999). The
samples represented both urban and rural areas, and both drinking water and non-drinking water
wells. MTBE samples were collected from 225 urban wells and 1,312 rural wells. Of the 60
VOCs monitored at a reporting level of 0.2 µg/L, MTBE was one of the most frequently detected
VOCs, particularly in urban areas. There was a 16.9 percent detection frequency in urban areas
and a 3.4 percent detection frequency in rural areas. Detections ranged from the minimum
reporting level (0.2 µg/L) to over 10,000 µg/L. The median detected concentration was less than
1 µg/L.
EPA Summary Analysis of NAWQA Data
While the NAWQA program often uses the most representative data for a site to calculate
summary statistics, EPA, with the cooperation of USGS, has performed a summary analysis of
all Cycle 1 water monitoring data from all study units (1991-2001) for many of the Second
Contaminant Candidate List (CCL 2) contaminants being considered for regulatory
determination, including MTBE. Detection frequencies were simply computed as the percentage
of samples and sites with detections (i.e., the percentage with at least one result equal to or
greater than the reporting limit; note that reporting limits were not uniform). Sample detections
can be biased by frequent sampling in areas with high (or low) occurrence. Calculating the
percentage of sites with detections can reduce this bias. For more details on the NAWQA data
set and the EPA analysis, see Chapter 2.
The results of the EPA analysis are presented Exhibit 13-8. Overall, MTBE was detected
in 17.7 percent of samples and at 9.8 percent of sites. MTBE was detected more frequently in
surface water but at higher concentrations in ground water.

Exhibit 13-8: EPA Summary Analysis of MTBE Data from NAWQA Study Units,
1992-2001
Detection Frequency
(detections are results ≥ RL1)
%
Number
Samples Number % Sites with
of
Minimum
with
of Sites Detections
Samples
Detections
surface
water
ground
water
all
sites

Concentration Values
(of detections, in µg/L)
Median

95th
Percentile

99th
Percen- Maximum
tile

1,402

46.2%

182

62.1%

0.01

0.25

3.46

63

81.3

4,645

9.1%

4,146

7.5%

0.01

0.5

800

4,500

23,000

6,047

17.7%

4,328

9.8%

0.01

0.3

320

1,800

23,000

1

RLs (Reporting Limits) for MTBE varied, but did not exceed 0.2 µg/L. For more information, see Chapter 2. Note that because this
EPA analysis involves more data points than the USGS analyses presented above, a direct comparison is not possible. Some
concentration values are rounded.
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USGS Stormwater Studies
For the National Highway Runoff Data and Methodology Synthesis, USGS conducted a
review of 44 highway and urban runoff studies implemented since 1970 (Lopes and Dionne,
1998). Three of these studies report results for MTBE.
Two of the three studies with MTBE results were stormwater studies conducted in
specific major metropolitan areas in connection with National Pollutant Discharge Elimination
System (NPDES) permitting. In metropolitan Phoenix (Maricopa County), USGS collected 35
samples from five drainage basins, and the City of Phoenix collected an additional 26 samples
from seven sites (Lopes et al., 1995). In Dallas-Fort Worth, 182 samples were collected from 26
stormwater drainage basins (Baldys et al., 1998). The reporting limits were 0.2 µg/L in Phoenix
and ranged from 0.2 to 10 µg/L in Dallas-Fort Worth. Not all samples were monitored for every
contaminant. The maximum detected MTBE concentrations were 2.5 µg/L in Phoenix and 8.7
µg/L in Dallas-Fort Worth.
The third study was a summary of all NPDES-related stormwater monitoring data on
MTBE and other compounds from sixteen cities from 1991-1995, including the two described
above (Delzer et al., 1996). This summary was undertaken to support an interagency assessment
of the scientific basis and effectiveness of the nation’s wintertime oxygenated gasoline program,
coordinated by the Office of Science and Technology Policy, Executive Office of the President
(Zogorski et al., 1997). Of 592 stormwater samples, MTBE was detected in 41 samples, or 6.9
percent of samples. MTBE was the seventh most frequently detected VOC, behind toluene
(23.2%), total xylene (17.5%), chloroform (13.4%), total trimethylbenzene (12.4%),
tetrachloroethene (8.0%), and naphthalene (7.4%). MTBE was detected in stormwater from
eight of the sixteen cities: Atlanta, Baton Rouge, Birmingham, Colorado Springs, Denver,
Dallas-Fort Worth, San Antonio, and Phoenix. Detected concentrations ranged from 0.2 µg/L to
8.7 µg/L, with a median detected concentration of 1.5 µg/L. Of the 41 detections, 34 (or 83%)
were from samples taken during the winter months (from October to March) when MTBE would
be used in greater quantities in some areas to meet federal air quality standards. In Phoenix,
Colorado Springs, and Denver, three cities known to use oxygenated fuels, all detections were in
the October-March season. The detection rate in these three cities was 40 percent (16 of 40
samples), with concentrations ranging from 1.0 to 4.2 µg/L and a median detected concentration
of 1.5 µg/L. Detection in the other five cities (Atlanta, Baton Rouge, Birmingham, Dallas-Fort
Worth, and San Antonio) is attributed to use of MTBE in gasoline as an octane enhancer. Note
that the reporting limit for the analytical method used to monitor MTBE was reduced from 1.0
µg/L to 0.2 µg/L in 1994. It is likely that had the lower reporting limit been used throughout, the
frequency of detection would be higher and the median detected concentration would be lower
(Delzer et al., 1996). The interagency report (Zogorski et al., 1997) points out that the results of
this monitoring might not be nationally representative, since none of the 16 monitored cities are
located in California or the Northeast, where MTBE use is greatest.
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American Water System Survey
The American Water System (AWS) of the American Water Works Company owns
utilities in 23 States. In 1997 and 1998, AWS conducted its own survey of MTBE occurrence in
source water. Two hundred surface water samples were taken from 92 sites in 12 States, and
1,349 ground water samples were taken from 342 wells in 17 States. Monitoring at all of the
surface water sites and most of the ground water sites (from 270 out of 342) represented
untreated source water. Where finished water was sampled, the treatment processes used
(chlorination, pH adjustment, iron or manganese sequestration, fluoride addition) are not
expected to affect MTBE concentrations. The method reporting limit was 0.5 µg/L (Gullick and
LeChevallier, 2000).
In ground water, there were 136 MTBE detections (10 percent of samples) in 30 wells
(8.8 percent of wells) in eight States. In surface water, there were 12 detections (6.0 percent of
samples) at 8 sites (8.7 percent of sites) in three States. States with detections included
Connecticut, Indiana, Massachusetts, Maryland, New Hampshire, New Jersey, New York,
Pennsylvania, and West Virginia. In four States, detections exceeded 5 µg/L: One or two wells
in Massachusetts had concentrations as high as 5.9 µg/L, three wells in New Jersey had
concentrations between 1.5 µg/L and 11.6 µg/L, a stream and two wells near a leaking
underground storage tank in Pennsylvania had samples with MTBE concentrations as high as
25.1 µg/L, 5.5 µg/L, and 14.2 µg/L, respectively, and one well in West Virginia had MTBE
concentrations as high as 6.6 µg/L (Gullick and LeChevallier, 2000).
13.3.3 Drinking Water Occurrence
Nationally representative data on MTBE occurrence in drinking water have been
collected by large and small public water systems in accordance with EPA’s first Unregulated
Contaminant Monitoring Regulation (UCMR 1). For a complete description of the UCMR 1, see
Chapter 2 and USEPA (2008).
UCMR 1
UCMR 1 monitoring was conducted primarily between 2001 and 2003, though some
results were not collected and reported until as late as 2006. As a List 1 contaminant, MTBE
was scheduled to be monitored by all large CWSs and non-transient non-community water
systems (NTNCWSs) and a statistically representative sample of small CWSs and NTNCWSs.
The data presented in this report reflect UCMR 1 analytical samples submitted and qualitychecked under the regulation as of March 2006. MTBE data were collected and submitted by
796 (99.5 percent) of the 800 small systems selected for the small system sample and 3,075 (99.2
percent) of the 3,100 large systems defined as eligible for the UCMR 1 large system census.
MTBE data have been analyzed at the level of simple detections (i.e., ≥ minimum reporting
level, ≥ MRL, or ≥ 5 µg/L). Currently, there is no health reference level (HRL) for MTBE.
Results of the analysis are presented in Exhibits 13-9 and 13-10. For small systems,
MTBE detections were reported by 0.38% of public water systems (PWSs), representing 0.15%
of the population served, equivalent to approximately 147,000 people nationally. Among large
systems, 16 systems (0.52%) had detections, affecting approximately 750,000 people (0.34% of
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the population served). MTBE was found much more frequently in ground water systems than
in surface water systems.
A total of 26 MTBE detections were reported from 19 systems in 14 States. At the four
surface water systems with detections, concentrations ranged from 8 µg/L to 33 µg/L, while at
fifteen ground water systems with detections, concentrations ranged from 5 µg/L to 49 µg/L.
Detections at concentrations higher than 20 µg/L were found at one small ground water system
(49 µg/L), three large ground water systems (48 µg/L, 36 µg/L, and 33.2 µg/L), and one large
surface water system (33 µg/L). California, Georgia, New Hampshire, New Jersey, and New
York each had two systems with detections, while Connecticut, Illinois, Massachusetts,
Missouri, New Mexico, Pennsylvania, South Dakota, Tennessee, and West Virginia each had
one system with detections. When these results are combined with results from USGS’s
literature review (Delzer and Ivahnenko, 2003a), Random Survey (Grady, 2003), and Focused
Survey (Delzer and Ivahnenko, 2003b), all but eight States (Alaska, Hawaii, Mississippi,
Nebraska, Nevada, North Dakota, Utah, and Wyoming) have had at least one documented
detection of MTBE in ambient or drinking water. Note that the MRL in these studies varied: in
UCMR 1 the lowest reported detections were 5 µg/L, in the random and focused surveys they
were 0.2 µg/L, and in the literature search they were 0.1 µg/L.
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Exhibit 13-9: Summary UCMR 1 Occurrence Statistics for MTBE in Small Systems
(Based on Statistically Representative National Sample of Small Systems)
UCMR Data Small Systems

Frequency Factors

National System &
Population Numbers1

Total Number of Samples

3,268

--

Percent of Samples with Detections

0.09%

--

99th Percentile Concentration (all samples)

< MRL

--

N/A

--

Minimum Reporting Level (MRL)

5 µg/L

--

Maximum Concentration of Detections

49 µg/L

--

99th Percentile Concentration of Detections

49 µg/L

--

Health Reference Level (HRL)

Median Concentration of Detections

12.7 µg/L

--

796
589
207

60,414
56,072
4,342

2,758,082
1,937,327
820,755
Number
Percentage

45,414,590
36,224,336
9,190,254

Total Number of PWSs
Number of GW PWSs
Number of SW PWSs
Total Population
Population of GW PWSs
Population of SW PWSs
Occurrence by System
PWSs with Detections (> MRL)
GW PWSs with Detections
SW PWSs with Detections

National Extrapolation2

3
3
0

0.38%
0.51%
0.00%

149
149
0

4,150
4,150
0

0.15%
0.21%
0.00%

147,000
147,000
0

Occurrence by Population Served
Population Served by PWSs with Detections
Pop. Served by GW PWSs with Detections
Pop. Served by SW PWSs with Detections

th
1. Total PWS and population numbers are from EPA September 2004 Drinking Water Baseline Handbook, 4 edition.
2. National extrapolations are generated separately for each population-served size stratum and then added to yield the national estimate of GW
PWSs with detections (and population served) and SW PWSs with detections (and population served). For intermediate calculations at the level of
individual strata, see EPA’s UCMR 1 Occurrence Report, entitled “The Analysis of Occurrence Data from the First Unregulated Contaminant Monitoring
Regulation (UCMR 1) in Support of Regulatory Determinations for the Second Drinking Water Contaminant Candidate List.”

Abbreviations:
PWS = Public Water Systems; GW = Ground Water; SW = Surface Water; N/A = Not Applicable; Total Number of Samples = the total number of
samples on record for the contaminant; 99th Percentile Concentration = the concentration in the 99th percentile sample (out of either all samples or just
samples with detections); Median Concentration of Detections = the concentration in the median sample (out of samples with detections); Total Number
of PWSs = the total number of PWSs for which sampling results are available; Total Population Served = the total population served by PWSs for which
sampling results are available; PWSs with detections, PWSs > 2 HRL, or PWSs > HRL = PWSs with at least one sampling result greater than or equal
to the MRL, exceeding the 2 HRL benchmark, or exceeding the HRL benchmark, respectively; Population Served by PWSs with detections, by PWSs
> 2 HRL, or by PWSs > HRL = population served by PWSs with at least one sampling result greater than or equal to the MRL, exceeding the 2 HRL
benchmark, or exceeding the HRL benchmark, respectively.
Notes:
-Small systems are those that serve 10,000 persons or fewer.
-Only results at or above the MRL were reported as detections. Concentrations below the MRL are considered non-detects.
-Due to differences between the ratio of GW and SW systems with monitoring results and the national ratio, extrapolated GW and SW figures might not
add up to extrapolated totals.
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Exhibit 13-10: Summary UCMR 1 Occurrence Statistics for MTBE in Large
Systems (Based on the Census of Large Systems)
UCMR Data Large Systems

Frequency Factors
Total Number of Samples

30,500

Percent of Samples with Detections

0.08%

99th Percentile Concentration (all samples)

< MRL

Health Reference Level (HRL)

N/A

Minimum Reporting Level (MRL)

5 µg/L

Maximum Concentration of Detections

48 µg/L

th

99 Percentile Concentration of Detections

48 µg/L

Median Concentration of Detections

9 µg/L

Total Number of PWSs
Number of GW PWSs
Number of SW PWSs

3,075
1,381
1,694

Total Population
Population of GW PWSs
Population of SW PWSs
Occurrence by System

223,231,954
53,273,126
169,958,828

PWSs with Detections (> MRL)
GW PWSs with Detections
SW PWSs with Detections

Number

Percentage

16
12
4

0.52%
0.87%
0.24%

749,483
421,186
328,297

0.34%
0.79%
0.19%

Occurrence by Population Served
Population Served by PWSs with Detections
Pop. Served by GW PWSs with Detections
Pop. Served by SW PWSs with Detections

Abbreviations:
PWS = Public Water Systems; GW = Ground Water; SW = Surface Water; N/A = Not Applicable; Total Number of Samples = the total number of
samples on record for the contaminant; 99th Percentile Concentration = the concentration in the 99th percentile sample (out of either all samples or just
samples with detections); Median Concentration of Detections = the concentration in the median sample (out of samples with detections); Total Number
of PWSs = the total number of PWSs for which sampling results are available; Total Population Served = the total population served by PWSs for which
sampling results are available; PWSs with detections, PWSs > 2 HRL, or PWSs > HRL = PWSs with at least one sampling result greater than or equal
to the MRL, exceeding the 2 HRL benchmark, or exceeding the HRL benchmark, respectively; Population Served by PWSs with detections, by PWSs
> 2 HRL, or by PWSs > HRL = population served by PWSs with at least one sampling result greater than or equal to the MRL, exceeding the 2 HRL
benchmark, or exceeding the HRL benchmark, respectively.
Notes:
-Large systems are those that serve more than 10,000 persons.
-Only results at or above the MRL were reported as detections. Concentrations below the MRL are considered non-detects.
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The following maps, based on UCMR 1 data, give an indication of the geographic
distribution of MTBE occurrence in drinking water. Exhibit 13-11 shows the distribution of
States with at least one detection. Exhibit 13-12 shows the relative frequency of detection in
these States. Exhibit 13-13 shows the maximum concentration of MTBE at each system where it
was detected. Measured concentrations were variable and the map does not distinguish regions
that might have had consistently high contamination.

Exhibit 13-11: Geographic Distribution of MTBE in UCMR 1 Monitoring B States
With At Least One Detection At or Above the MRL (≥ 5 µg/L)
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Exhibit 13-12: Geographic Distribution of MTBE in UCMR 1 Monitoring B
Percentage of UCMR 1 PWSs With At Least One Detection At or Above the MRL
(≥ 5 µg/L), By State

Note: This map depicts UCMR 1 results from both small systems and large systems.
The statistical selection of UCMR 1 small systems was designed to be representative
at the national level, but not at the state level. Therefore, this map should only be
considered a rough approximation of state-level patterns of contaminant occurrence.
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Exhibit 13-13: System-Level Geographic Distribution of MTBE in UCMR 1
Monitoring B Maximum Concentration at Each System with Detections

Compared with some national, regional, state, and local studies summarized in this
report, the UCMR 1 occurrence data indicate low MTBE occurrence. When comparing UCMR
1 results to the results of other MTBE occurrence studies, several points should be considered.
First, UCMR 1 is a survey of drinking water only. Many studies that report higher rates of
MTBE occurrence (for example, USGS NAWQA studies and monitoring connected to UST
investigations) are studies of ambient water.
Second, UCMR 1 was specifically designed to provide a statistically representative
picture of national MTBE occurrence. In fact, UCMR 1 is the only study of MTBE in finished
drinking water study that is both national in scope and statistically representative. (Among
source water studies, the USGS Random Survey meets both criteria.) MTBE studies that target
areas of known MTBE use or contamination, and/or have increased rates of sampling in such
areas (e.g., the USGS Focused Survey and some state studies), are not representative, and likely
overestimate MTBE occurrence.
Third, UCMR 1 sampling was undertaken in a specific timeframe: most samples were
collected between 2001 and 2003 (with additional samples collected as late as 2006).
Differences between UCMR 1 results and results of studies from the 1990s might be partially
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attributable to actual changes in MTBE use and release over time. In addition, some state MTBE
occurrence databases (e.g., California’s) include historical results from contaminated wells that
are no longer in use.
Finally, UCMR 1 used a MRL of 5 µg/L. This is significantly higher than the reporting
level used by most other studies, which was often the method detection limit. (All other things
equal, the lower the MRL, the higher the rate of detections found and the higher the MRL, the
lower the rate of detections.) For UCMR 1, EPA established MRLs for each VOC by
multiplying by 10 either the VOC’s published detection limit, or 0.5 µg/L, whichever is greater
(USEPA, 2000b; 64 FR 50556). EPA set MRLs approximately an order of magnitude higher
than detection limits to ensure consistency, accuracy, and reproducibility of results in a study
that involved analyses by many laboratories across the country, using multiple analytical
methods. The threshold of 5 µg/L is also low enough to capture trends of interest. It is below
EPA’s advisory range for organoleptic (taste and odor) effects (20 µg/L to 40 µg/L), and below
all primary drinking water standards for MTBE established to date by individual states (ranging
from 10 µg/L to 240 µg/L – see Exhibit 13-22.)
When compared at a common threshold of 5 µg/L, occurrence is fairly consistent across
the UCMR 1 and other studies. UCMR 1 found MTBE in 0.52% of large systems and 0.38% of
small systems using the 5 µg/L MRL. At the same threshold, the USGS Survey of Drinking
Water in the Northeast and Mid-Atlantic States (a statistically representative regional study
focused on a region of high MTBE use, discussed below) found MTBE in 1.5% of samples from
2.0% of systems. The USGS Random Survey (a nationally representative survey of source
waters for community water systems, discussed above) found that MTBE concentrations
exceeded 5 µg/L in three of 934 tested source waters (0.3%). The American Water System’s
survey (a large but not necessarily representative sampling of source and finished waters,
discussed above) found MTBE at concentrations above 5 µg/L in 1 out of 92 surface water
sources (1.1%) and up to 8 of 342 wells (2.3%).
For further analysis of UCMR 1 results for MTBE, see the UCMR 1 occurrence analysis
background report (USEPA, 2008).
Summary Analysis of Combined Large and Small System UCMR Data
EPA found that 19 public water systems (0.49 percent of the 3,871 systems sampled) in
14 states (CA, CT, GA, IL, MA, MO, NH, NJ, NM, NY, PA, SD, TN, and WV) reported MTBE
occurrence in drinking water. These 19 systems reported MTBE in 26 samples at or above the
minimum reporting level of 5 µg/L, representing approximately 0.33 percent (or 754 thousand of
226 million) of the population served by the public water systems that sampled for MTBE. The
average MTBE concentration among detections was 15.2 µg/L and the median concentration
was 9.2 µg/L.
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Community Water System Survey
The 2000 Community Water System Survey (CWSS) (USEPA, 2002a; 2002b) gathered
data on the financial and operating characteristics of a random sample of community water
systems nationwide. In addition, the Survey asked all “very large” community water systems,
those that serve more than 500,000 people (a total of 83 systems), to provide monitoring results
for five regulated compounds (arsenic, atrazine, 2,4-D, simazine, and glyphosate) and four
unregulated compounds (radon, MTBE, metolachlor, and boron), including results from raw
water at each intake and from finished water at treatment plants. EPA received responses from
58 systems. However, not all systems answered every question. Note that because reported
results are incomplete, they are more illustrative than statistically representative.
Results of raw water monitoring are aggregated by type of intake. In raw ground water,
12 observations of MTBE occurrence were reported. In raw surface water, 27 observations of
MTBE occurrence were reported (USEPA, 2002b).
Results of finished water monitoring are aggregated by system type. At systems
primarily served by ground water, no MTBE observations were reported. At systems primarily
served by surface water, 29 observations of MTBE occurrence were reported. At systems
primarily served by purchased water, 3 observations of MTBE occurrence were reported
(USEPA, 2002b).
The unpublished database from which the statistics above were drawn provides
additional information. The 71 reported MTBE detections came from fifteen systems in eleven
States (California, Georgia, Kentucky, New Jersey, New York, Ohio, Pennsylvania, Rhode
Island, Texas, Virginia, and Wisconsin). All fifteen systems had raw water detections, four from
ground water sources and 12 from surface water sources. (One Ohio system had detections in
both surface and ground water sources.) Excluding two obvious outliers (most likely due to
mislabeling of units), the highest reported concentration in raw water was 501 µg/L, from a
ground water intake at a New York system that primarily uses surface water. Of 37 reported raw
water detections (excluding outliers), 14 were of MTBE concentrations higher than 20 µg/L.
Eleven of the fifteen systems reported finding MTBE contamination in finished water also. At
one system the contaminated water came from a purchased source; at the other ten the
contaminated water came from surface sources. Excluding one obvious outlier, the highest
concentration in finished water was 50 µg/L, found twice at a California system served primarily
by surface water. Of 31 reported MTBE detections in finished water (excluding the outlier), 4
were of concentrations higher than 20 µg/L. As noted above, because of incomplete responses
and the low response rate, these survey results can not be considered statistically representative.
USGS Survey of Drinking Water in the Northeast and Mid-Atlantic States
USGS compiled and analyzed occurrence data for MTBE and other VOCs in finished
drinking water in twelve Northeast and Mid-Atlantic States (Connecticut, Delaware, Maine,
Maryland, Massachusetts, New Hampshire, New Jersey, New York, Pennsylvania, Rhode Island,
Vermont, and Virginia), a region of high MTBE use (Grady and Casey, 2001). State agencies
supplied USGS with VOC data collected during 1993-1998 for 20 percent of the CWSs in the
twelve-State area, which were chosen to be representative in terms of geography, source of
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water, and system size. Delaware and Pennsylvania did not have any MTBE data, so the MTBE
analysis was limited to 1,194 CWSs in ten States. After the trihalomethanes, MTBE was the
most frequently detected VOC. Concentrations at levels ≥ 1 µg/L were found in 248 samples
(4.8 %) from 84 CWSs (7.8%); concentrations at levels ≥ 5 µg/L were found in 82 samples
(1.5%) from 23 CWSs (2.0%); and concentrations at levels ≥ 20 µg/L were found in 27 samples
(0.5%) from 10 CWSs (0.8%). Extrapolating from these results, the study authors estimated that
the number of CWSs in the 12-State area with MTBE concentrations of ≥ 1 µg/L, ≥ 5 µg/L, and
≥ 20 µg/L is approximately 820-890, 180, and 80, respectively.
At concentrations greater than 1 µg/L, MTBE was detected seven times more frequently
in areas where MTBE is or has been added to gasoline as part of the oxygenated or reformulated
fuel programs than in other areas, a difference that is statistically significant. Differences
between MTBE concentrations inside and outside those areas, however, were not found to be
statistically significant (Grady and Casey, 2001).
USGS Survey of Untreated Rural Self-Supplied Domestic Wells
As part of the NAWQA program, USGS studied the occurrence of MTBE and other
VOCs in ground water from untreated rural self-supplied domestic wells between 1986 and 1999
(Moran et al., 2002). These sources of drinking water are not subject to EPA drinking water
regulations. At a reporting level of 0.2 µg/L, 30 out of 1,335 wells contained MTBE. Most of
the contaminated wells were concentrated in the northeast (Pennsylvania, New Jersey,
Connecticut and Massachusetts); the remainder were in Arkansas, Colorado, Georgia, and
Illinois. The median detected MTBE concentration was 0.7 µg/L. The sample with the highest
concentration, 30.2 µg/L, was the only sample that exceeded 20 µg/L.
Environmental Working Group (EWG) Report
In April 2005, the Environmental Working Group (EWG, 2005) released a report, Like
Oil and Water, on their web page. In response to Freedom of Information Act requests, 29 State
agencies submitted data to EWG. EPA informally evaluated the data posted by EWG to
determine if this information might be useful in projecting state-wide occurrence. While EPA
found the report interesting, the data as reported on the Web lacked some of the information
needed to assess the representativeness and the quality of the data. For example, States
submitted different time periods of monitoring data (e.g., Alaska submitted 7 months of data for
1 system during the 2000 timeframe and Illinois submitted data that spanned 1994 to 2003).
States did not report monitoring results for every system. Also, the data do not indicate if the
samples came from source water or finished water, or from ground water or surface water; also
not reported are the analytical method used for analysis, the reporting level, the frequency of the
sampling (e.g., annual, quarterly), the number of samples from each water system, and the
number of non-detects.
13.3.4 Prominent Cases of MTBE Drinking Water Contamination
Several high-profile cases of MTBE contamination affecting drinking water are
summarized here. These accounts are drawn from published studies and State agency reports
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where available. In other instances, the information comes from news reports and other
secondary sources.
South Lake Tahoe, California
South Tahoe Public Utility District (STPUD) was among the first public water suppliers
in the State of California to become aware of an MTBE contamination problem (Bourelle,
1998a). According to Bourelle (1998a), STPUD first detected MTBE at the Tata Lane No. 4
well in February of 1997. Another source suggests that STPUD may have detected trace
amounts of the chemical even earlier, as early as 1996 (Primedia, 2002). Bourelle (1998a) states
that the first two wells were shut down in September 1997. The Tata Lane No. 4 well itself
continued in operation with treatment by air stripping until concentrations rose and traces of
MTBE were detected in finished water. The Tata Lane No. 4 well was finally shut down in July
of 1998. In addition to these three contaminated wells, STPUD shut down seven
uncontaminated wells by August of 1998 as a precautionary measure. At least one other well
was operated at half-capacity to prevent pulling the contaminant plume closer (Bourelle, 1998a).
The California Department of Health Services (California DHS) maintains a listing of
MTBE detections at California PWSs on the Internet (California DHS, 2005). According to
California DHS, only active or inactive sources that have had at least two detections are listed.
“Sources” include raw and treated well water and surface water, distribution system water, etc.
As of May 2005, the database lists 143 detection records from 14 sources at South Lake Tahoe
(or 13 wells, because raw and treated water from the “Gardner Mt. WTP” well are listed
separately). Sample dates range from June 1996 to July 2005. The median concentration for all
South Lake Tahoe records is 1.3 µg/L, with a maximum concentration of 68 µg/L detected at
Tata Lane Well No. 4 in July of 1999. See Exhibit 13-14 for a summary of South Lake Tahoe
results posted by California DHS (2005).

Exhibit 13-14: MTBE detections in wells of South Tahoe PUD
Concentration (µg/L)
Min
Median
Max
2.5
2.9
3.7
1.2
1.4
1.8
0.25
0.28
0.6
1.8
1.8
1.8
0.23
0.23
0.23
0.5
0.5
0.5
0.5
0.65
1
1.4
3.9
5
0.5
1.2
2.3
0.22
1.3
2.2
0.7
2.15
4.2
0.5
0.6
1
0.5
0.7
1.2
0.5
18
68

Source Name
Arrowhead Well 01 - Destroyed
Arrowhead Well 02 - Destroyed
Bakersfield Well – Raw
Blackrock Well 01 – Monitoring Well
Chris Ave Well
Clement Ave Well
Country Club Well (Angora 07)
Gardner Mt. Wtp - Raw
Gardner Mt. Wtp - Treated
Julie Well
South Y Center Well - Inactive
Tata Lane Well 02
Tata Lane Well 03
Tata Well 04
Source: California DHS, 2005.
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Authorities identified six contaminant plumes originating from South Lake Tahoe gas
stations as sources of MTBE contamination (Bourelle, 1998a). The Lahontan Regional Water
Quality Control Board published periodic reports listing all known discharges of MTBE in the
region, including those in South Lake Tahoe. The most recent report (Dodds, 2004), from April
2004, lists 22 USTs in South Lake Tahoe (27 in El Dorado county) with known MTBE
discharges, plus an additional UST in South Lake Tahoe with a ground water MTBE detection
but no confirmed discharge. Most USTs were located at gas stations. The report also lists 5
MTBE discharges in South Lake Tahoe labeled “Spills, Leaks, Investigations, and Cleanups,”
and one MTBE detection at a well. Most of the discharges and detections were first documented
in 1998; the rest were first documented in 1999 (Dodds, 2004).
With 10 of 34 wells out of action and others operating at less than full capacity, water
supply was 20 percent below normal in 1998. In the short term, STPUD responded to the
shortage by implementing water usage restrictions, particularly during the summer (Bourelle,
1998a).
Soon after the wells were closed, STPUD filed suit against 31 companies, including large
gasoline manufacturers and distributors and local gas stations (Bourelle, 1998b; Primedia, 2002).
Between 1999 and 2002, the defendants agreed to settle for amounts totaling $69 million (Wood,
2002). STPUD netted $45 million from the settlements, $10 million of which had to be spent
immediately to cope with the contamination. As of 2004, STPUD had installed an ozone
treatment system and drilled several new, deeper wells. STPUD anticipated that water
restrictions would remain in place indefinitely (Crofton, 2004).
Santa Monica, California
The City of Santa Monica has three well fields. In August of 1995, the City discovered
MTBE contamination in the Arcadia and Charnock wellfields. In 1996, the City shut down all
production at the two contaminated well fields (LARWQCB and USEPA Region 9, 1998; 65 FR
16094). These seven wells (2 wells in Arcadia and 5 wells in Charnock) represented
approximately 50 percent of the City of Santa Monica’s drinking water supply (USEPA, 2005d).
The California DHS database holds 39 records of MTBE ground water detections in the City of
Santa Monica Water Division (California DHS, 2005). Basic statistics on concentrations
detected at all Santa Monica wells listed by DHS are presented in Exhibit 13-15. The samples in
the database date from 1995 and 1996.
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Exhibit 13-15: MTBE Detections in Wells of the City of Santa Monica Water
Division
Well Name

Min
19.6
9.5
44.4
53.3
3.1
6.5
8.2

ARCADIA WELL 04
ARCADIA WELL 05
CHARNOCK WELL 13 - INACTIVE
CHARNOCK WELL 15 - INACTIVE
CHARNOCK WELL 16 - INACTIVE
CHARNOCK WELL 18 - INACTIVE
CHARNOCK WELL 19 - INACTIVE

Concentration (µg/L)
Median
19.6
18.55
133
63.05
3.1
23.75
300

Max
19.6
86.5
490
72.8
3.1
47.5
610

Source: California DHS, 2005

The Los Angeles Regional Water Quality Control Board (LARWQCB) and EPA Region
9 identified a leaking UST system at one gas station as the source of MTBE at the Arcadia site
(LARWQCB and USEPA Region 9, 1998). Investigation of USTs and gasoline pipelines near
the Charnock wellfield revealed that 25 sites had released gasoline containing MTBE, and 12 of
those releases had contaminated ground water (USEPA, 2005e).
The Southern California Water Company (SCWC), serving Culver City, also drew water
from the Charnock Sub-basin. Though SCWC never detected MTBE in its two Charnock Subbasin wells, it shut down both wells to prevent the migration of the contaminant plume
(LARWQCB and USEPA Region 9, 1998).
Since 1996, the City of Santa Monica and the SCWC have replaced water from the
contaminated wells by purchasing finished drinking water from the Metropolitan Water District
of Southern California. The annual cost of this replacement water is approximately $3.2 million.
Until 2000, the cost of replacing the water was paid by Shell, Chevron, and Exxon. From 2000
to 2005, under enforcement order by EPA and LARWQCB, 16 parties are responsible for
funding the replacement water (USEPA, 2005d).
Glennville, California
In 1997, ground water in Glennville, California was contaminated with MTBE. The
source was a leak from the town’s only gas station (Weiser, 2004). Residential drinking wells
had MTBE concentrations as high as 20,000 µg/L (65 FR 16094). Since 1997 the State has
supplied water to Glennville (population c. 200) by truck. The town won a $500,000 settlement
from oil companies toward the installation of a new community water system. State officials
estimate that a new water system will cost $1.2 million (Weiser, 2004).
La Crosse, Kansas
La Crosse, Kansas, is served by several wells from a single aquifer. In May 1996, a
resident complained of a strange odor in an irrigation well. Testing revealed that a nearby public
well contained MTBE at a concentration of 200 µg/L (NFESC, 2000). In 1997, the Kansas
Department of Health and Environment (DHE) found MTBE in excess of 1,000 µg/L at two
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public water supply wells (Hatten, 2000). Authorities attributed the contamination to gasoline
releases at three gas stations eight tenths of a mile away from the public wells (Hatten and
Blackburn, 1999).
In September of 1997, a new treatment system was installed, consisting of two air
strippers in series. Each tower removes 80 to 90 percent of MTBE. Together, they reduce
concentrations MTBE from 200 - 600 µg/L in influent water to 24 µg/L or less in finished water
(NFESC, 2000). This treatment system, and at least three others designed to remediate MTBEcontaminated water in other Kansas communities, were paid for out of the State’s Underground
Storage Tank Trust Fund (KDHE, 2000).
Whitefield, Standish, and North Windham, Maine
Not all cases of MTBE contamination leading to well closures are due to leaking
underground storage tanks. Three high-profile cases of MTBE contamination caused by surface
spills of reformulated gasoline occurred in Maine in 1998. These events contributed to Maine’s
withdrawal from the Federal RFG program (described in Section 13.3.5, below).
In May 1998, MTBE contamination was discovered in a well serving an elementary
school in the town of Whitefield. The MTBE concentration is variously reported as 500 µg/L,
800 µg/L, or 900 µg/L (Sullivan, 1998; Maine, 1998; NESCAUM, 1999a). State officials
determined that the source of contamination was a spill of no more than 20 gallons in an area
about 120 feet from the well where cars were parked on the grass (NESCAUM, 1999a). The
school now filters the contaminated water for washing, and uses bottled water for drinking. At
least one new well was drilled and installed (Sullivan, 1998).
Also in May 1998, MTBE was detected in private wells in Standish. Authorities
attributed the contamination to a spill of 8 to 10 gallons of gasoline from a December 1997 car
accident. The contamination affected a total of 24 private wells. Eleven wells were
contaminated at levels above the State’s 35 µg/L MTBE standard, requiring filtration; ten wells
were contaminated at levels above 100 µg/L; two wells were contaminated at levels above 1,000
µg/L. The highest MTBE concentration, 6,500 µg/L, was recorded at the well nearest the
accident site (Sullivan, 1998; Maine, 1998; NESCAUM, 1999a). The State responded to the
contamination by removing 79 cubic yards of contaminated soil (NESCAUM, 1999a).
In the town of North Windham, MTBE was detected at two public water supply wells in
concentrations ranging from 1 to 6 µg/L. Investigation revealed that the contamination
originated from a new state-of-the-art gas station located 700 (or 900) and 1,100 feet,
respectively, from the contaminated wells (Sullivan, 1998; NESCAUM, 1999a). A monitoring
well near the gas station found MTBE at levels as high as 7140 µg/L (Sullivan, 1998). However,
there was no leak in the double-walled UST and there was no evidence of vapor leaks.
Investigators concluded that the source of the contamination must have been overfilling of the
tank, and estimated that the amount of the spill was between 10 and 40 gallons (NESCAUM,
1999a). Extensive testing in North Windham following the initial detection found that 11 of 31
monitoring wells in the Windham aquifer had MTBE contamination above the detection limit
(0.2 µg/L). North Windham now receives most of its water from Portland Water District
(Nielson and Peckenham, 2000).
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Merrimack River, Massachusetts
On the evening of January 28, 2000, a tanker truck rolled over in Lowell, Massachusetts,
releasing a large amount of gasoline near the Merrimack River. According to a spokesman for
the Lowell police, the amount spilled was “most of [the truck’s] 11,900-gallon cargo” (Seymour,
2000). Responders attempted to contain that gasoline and vacuum it up. Warmer weather and
the melting of river ice the next day allowed some gasoline into the river (Seymour, 2000).
Several downstream cities use the Merrimack River as a source of drinking water.
Tewksbury and Lawrence temporarily closed their river intakes and drew water from reservoirs,
but the treatment facility in Methuen remained open. The day after the spill, EPA and State
officials found no MTBE in river water (Seymour, 2000). Later, MTBE was detected in the river
water at elevated levels for a period of several days (65 FR 16094).
Pascoag, Rhode Island
In the summer of 2001, residents of Pascoag village (population 4000) in Burrillville,
Rhode Island, complained of foul tastes and odors in their drinking water (Mello, 2001). On
finding MTBE in the water, the Rhode Island Department of Health issued drinking and cooking
restrictions in early September (RI Department of Health, 2002). The State provided a daily
ration of 2 gallon of bottled water per person, installed an interim filtration system at the
contaminated wells, and investigated possible alternative sources (Mello, 2001; USEPA, 2003b).
In November, testing revealed that the new carbon filtration system successfully reduced MTBE
levels from 1,100 µg/L in raw well water to non-detectable levels. Contamination in the
distribution system fell to less than 10 µg/L (RI Department of Health, 2001). In January 2002,
after the Pascoag system was linked to a new water supply in the neighboring village of
Harrisville, the Department of Health lifted the drinking and cooking restrictions (RI Department
of Health, 2002; USEPA, 2003b).
Investigation revealed that the source of the contamination was a leaking UST at a single
gasoline station (USEPA, 2003b). By November 2001, the gas station had closed (Mello, 2001).
In 2002, a $1 million grant from EPA’s Leaking Underground Storage Tank Fund was used to
remove the UST system and 2000 cubic yards of contaminated soil and to install a ground water
remediation system. In June 2003, EPA announced that it would provide an additional $1
million. The funds would enable the Rhode Island Department of Environmental Management
to install a second ground water treatment system that would include an experimental bio-reactor
component, to be piloted for six months in collaboration with EPA’s Office of Research and
Development (USEPA, 2003b).
Dallas, Texas and Lake Tawakoni
On March 9, 2000, a ruptured 28-inch pipeline released approximately 600,000 gallons
of reformulated gasoline in a pasture several miles northwest of Greenville, Texas. The spill
drained into a creek approximately 28 miles upstream from Lake Tawakoni, a major reservoir
used by the city of Dallas and other surrounding towns. On March 12, heavy rainfall washed the
spill into the reservoir. Approximately 11,500 pounds of MTBE entered the reservoir by March
13-41

EPA – OGWDW

Regulatory Determinations Support Document for CCL 2

June 2008

13. Monitoring at the time suggested that MTBE entered the reservoir as one “slug,” rather than
in a continuous stream (SRA, 2000).
Initial MTBE concentrations in the lake were as high as 6,000 µg/L. As the
contamination spread through the lake, the highest concentrations were found to migrate along
the banks, where the plume was not diluted by deep waters. At the first major intake, for the city
of West Tawakoni, MTBE concentrations peaked at 740 µg/L on March 18. At the intake for the
Cash Water Supply Corporation (Cash WSC), contamination peaked at 19 µg/L on March 20.
On March 24, MTBE concentrations at the intakes for the cities of Commerce and Greenville
peaked at 11 µg/L. By the time the plume reached the Dallas intake on March 25, detected
concentrations did not exceed 1.3 µg/L. By April 19, detections throughout the reservoir were at
or below 1.0 µg/L, and detections effectively ceased after May 30. Authorities attributed later
sporadic detections of MTBE to the use of sport water craft on the lake (SRA, 2000).
The owner of the ruptured pipeline, Explorer Pipeline Company, responded to the spill
under the supervision of EPA and State agencies. Explorer worked with the Sabine River
Authority (SRA), which owns and operates the reservoir, to monitor the contamination in the
lake and protect drinking water intakes. The responses of the various water customers on Lake
Tawakoni varied, depending on their proximity to the point of contamination and the availability
of alternative sources. The city of Dallas, which has rights to 80 percent of the water in the
reservoir, shut off its intake from March 10 until August 16 and relied on alternative sources.
According to SRA (2000), shutting down the large Dallas intake probably slowed the migration
of the plume across the lake, giving others more time to respond. Explorer installed an aeration
system on March 14 to try to volatilize the MTBE before the plume reached the first drinking
water intake, but high MTBE concentrations forced the city of West Tawakoni to shut its intake
on March 15. Explorer provided drinking water by truck to West Tawakoni from March 16 to
March 24. Explorer also installed a carbon filtration system at the West Tawakoni treatment
plant on March 22, which was found to successfully mitigate the MTBE contamination (45 µg/L
at the time of installation). Cash WSC did not close its intake. The city of Commerce did not
close the intake entirely, but restricted its use when the contamination was at its highest.
Greenville shut down its intake on March 10 and relied instead on water from the city’s private
reservoir until April 25. Commerce and Greenville both installed aeration systems in late April
as precautionary measures. Other water consumers on Lake Tawakoni, whose intakes were not
contaminated, nevertheless were affected by the incident: they increased monitoring, considered
contingency plans, and handled questions from the public (SRA, 2000).
13.3.5 The Experience of Representative States with MTBE
States vary widely both in the magnitude of the threat posed by MTBE to drinking water
resources and the way they mobilize resources to handle the threat. Variation in MTBE
occurrence is due in part to the different requirements on regions to meet standards of the Clean
Air Act. Certain States are part of the Federal RFG or wintertime oxyfuel programs, which
require higher oxygenate levels in gasoline (roughly 11 to 15 percent MTBE by volume, when
MTBE is used), while others just use MTBE as an octane-enhancer (with levels as high as 8
percent by volume). Still others have banned MTBE use entirely. Furthermore, even in States
that have not banned MTBE, other oxygenates are sometimes preferred for meeting federal
requirements. Notably, in the corn-producing Midwest, ethanol is a particularly cost-efficient
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alternative. Other factors that influence nationwide heterogeneity in MTBE occurrence are the
distribution of LUSTs, variations in the concentration of MTBE sold in gasoline in geographic
regions, and the layout of the gasoline transportation network that allows contamination and
mixing.
The following sections detail the experience of sixteen States with MTBE. The States
chosen are those with “State Investigation Reports on MTBE” posted on EPA’s Underground
Storage Tank webpage (USEPA, 2004b). These States represent a variety of experiences with
MTBE contamination. Not all States that would be expected to have the greatest impacts from
MTBE (e.g., RFG States) are included. Information was gathered from available literature and
web searches.
Arizona
Starting in 1989, Arizona required all gasoline sold in Maricopa County in wintertime to
contain oxygenates (15 percent MTBE by volume, if MTBE was used). The requirement was
extended to Pima County in 1990. Initially, MTBE was the most common oxygenate used to
meet this requirement (80% MTBE v. 20% ethanol in Maricopa County). However, by 1993
ethanol was the preferred oxygenate for wintertime fuel (73% ethanol v. 27% MTBE in
Maricopa County and 74% ethanol v. 26% MTBE in Pima County). By 1999, nearly 100% of
wintertime gasoline in the two counties contained ethanol (ADEQ, 1999).
Phoenix and Maricopa County also participated in the Federal RFG program until 1998,
when they were permitted to opt out because the State had adopted more stringent standards of
its own (USEPA, 2005b). Starting in 1997, Arizona required all gasoline sold in Maricopa
County in the summer months to be Arizona Clean-Burning Gasoline (CBG) (requiring 11%
MTBE by volume, if MTBE is used). Because of the relatively high vapor pressure of ethanolcontaining gasoline, MTBE was consistently the preferred oxygenate used to meet summertime
CBG requirements (ADEQ, 1999). However, due to ground water contamination concerns, in
2004 the governor of Arizona signed a bill banning MTBE in gasoline, effective January 1, 2005
(U.S. Water News Online, 2004; Arizona Revised Statutes 41-2122).
The Arizona Department of Health Services (ADHS) has established a health-based
guidance level of 35 µg/L for MTBE in ground water. The level is not a regulatory or
compliance standard and therefore is not enforceable (ADEQ, 1999).
According to information available to EPA, there are 8,119 active USTs in Arizona, and
there have been 8,137 confirmed releases. Cleanups have been performed on 5,540 of those
releases (68 percent) (USEPA, 2005f). According to Dahlen et al. (2003), the State is aware of
over 9,000 USTs (presumably including inactive USTs), about 4,300 of which have attained
LUST status. ADEQ (1999) does not track MTBE occurrences within its UST database, but it
has begun monitoring MTBE at “corrective action sites.” Approximately 65 percent of
Arizona’s population uses ground water as their principal drinking water source (ADEQ, 1999).
Dahlen et al. (2003) reviewed 417 Arizona LUST site files and conducted additional field
research, including collecting more than 700 supplemental ground water samples. Sites with
known MTBE contamination were preferred over others, and 97 percent of the leaks occurred
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prior to the implementation of 1998 upgrade requirements. Dahlen et al. (2003) found that
MTBE has been detected in Arizona ground water at levels above 20 µg/L in at least 54 cities,
and that MTBE occurrence was relatively widespread in rural areas of the State as well. Among
samples collected in source zones at gasoline-contaminated sites, MTBE was found in detectable
concentrations (≥ 1 µg/L) in 71 percent of wells at 83 percent of sites. The median concentration
was 330 µg/L, and the maximum concentration was 68,000 µg/L. Based on hydrological
modeling and geographic information system (GIS) analysis, the study authors estimated that 6
percent of the approximately 10,000 municipal wells and 2.5 percent of the approximately
19,000 domestic wells in Arizona are in settings that make them vulnerable to LUST
contamination.
In contrast, a joint monitoring effort by USGS and Arizona’s State Water Quality
Division in 1998 found no MTBE in 146 samples from the Upper Santa Cruz, Willcox, and
Sacramento Valley Groundwater Basins (ADEQ, 1999). ADEQ reported that further ground
water investigations were underway.
California
Gasoline in California has included MTBE in small quantities as an octane enhancer
since the late 1970s. As in other States, MTBE use increased in 1992 when California entered
into the wintertime Oxyfuel program. In 1994, the California Environmental Protection Agency
(CAEPA, 1994) reported that Southern California was scheduled to join the Federal RFG
program in 1995, and that a Statewide program would require all California gasoline to meet
stringent RFG standards by June 1, 1996.
In 1999 California established a secondary (nonregulatory) taste and odor threshold of 5
µg/L for MTBE in drinking water. Effective in 2000, California established a health-based
primary maximum contaminant level (MCL) of 13 µg/L (California DHS, 2000). This value is
also the public health goal (PHG) for the State. California PWSs are required to report
detections of MTBE to the California DHS when concentrations are greater than 3 µg/L
(California DHS, 2004a). According to California’s annual compliance reports, there were no
violations of the MCL in 2002 or 2003, and two violations (at two different systems) in 2004
(California DHS, 2002; 2003; 2004b).
MTBE was first detected in California drinking water in 1989 and 1990 around San
Francisco. California DHS first required monitoring of MTBE in some PWSs as an unregulated
contaminant starting in 1997. Since then, California DHS has kept a database of every reported
source and sample tested for MTBE in the State. A number of papers have reviewed this data,
including Deeb et al. (2003), Williams (2001), and Williams et al. (2004). California DHS
provides public access to data on MTBE occurrence at sites with two or more detections
(California DHS, 2005). However, the public database does not systematically differentiate
surface water from ground water or source water from drinking water, and it does not describe
the number of tests per site.
Exhibit 13-16 contains an analysis by Deeb et al. (2003) of California source water
monitoring data obtained from California DHS, updated through January 1, 2002. These
statistics suggest that surface water contamination is a greater problem than ground water
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contamination, and that detections peaked in 1999. Deeb et al. (2003) suggest that the apparent
decline in detections after 1999 could be due to watershed protection measures and other new
regulations, or it might simply be an artifact of sampling patterns.

Exhibit 13-16: Detection of MTBE in California PWS Sources
1995

1996

1997

1998

1999

2000

2001

8
4
3
15
7
3,208
0.47%

5
5
3
13
8
2,868
0.45%

7
5
3
15
8
5,248
0.29%

6
5
0
13
5
228
5.7%

5
3
1
9
4
251
3.4%

2
4
0
6
4
300
2.0%

0
248

0
389

Detections at Ground Water Sources
3 < MTBE < 5 µg/L
5 < MTBE < 13 µg/L
MTBE > 13 µg/L
Total # detections
Total # detections > 5 µg/L
Total # sources sampled
% detection frequency
3 < MTBE < 5 µg/L
5 < MTBE < 13 µg/L
MTBE > 13 µg/L
Total # detections
Total # detections > 5 µg/L
Total # sources sampled
% detection frequency

1
0
1
4
0
0
0
3
0
1
3
3
1
1
4
10
0
1
3
6
89
1,666
2,289
3,151
1.12% 0.06% 0.17% 0.32%
Detections at Surface Water Sources
0
1
1
3
0
2
5
3
0
0
2
2
0
3
8
8
0
2
7
5
4
96
176
197
0.0%
3.1%
4.5%
4.1%

Total # detections
Total sources sampled

Detections at Mixed/Unclassified PWS Sources
0
0
0
0
0
15
121
162
221
262

Source: Deeb et al., 2003, using data from California DHS

Other analyses of California DHS data show similar patterns. Using the same data set
but through the end of 2002, Williams et al. (2003) found that detection frequencies were
significantly higher in surface water than in ground water. However, surface water detections
tended to be at concentrations below State drinking water standards. Williams et al. (2003)
presented evidence that despite increased monitoring between 1998 and 2002 in California, the
rate of discovery of new instances of contamination leveled off or decreased. Also using
California DHS data through 2002, Williams et al. (2004) reported that of 11,132 sites sampled
for MTBE, 206 (or 1.9 percent) had at least one detection. The mean concentration of detections
between 1998 and 2002 was 6.0 µg/L and the median was 3.0 µg/L. Of sites with detections, 9.2
percent of them had concentrations higher than 13 µg/L (the California MCL), and 6.3 percent
had concentrations higher than 20 µg/L (the lower end of EPA’s consumer advisory limit).
Of the 264 sources (i.e., wells) listed in the publicly available database (California DHS,
2005), 16% (41 sources) are currently designated as being “inactive,” “abandoned,” or
“destroyed.” These closed sources and their highest reported MTBE concentrations are listed in
Exhibit 13-17. Note that occasionally sources are listed twice in the database, as when raw and
finished water results are listed as separate entries.
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Exhibit 13-17: Reported Closures of MTBE-Contaminated Water Sources in
California (1989-2005)

County

BUTTE

System Name

3.2

ARROWHEAD WELL 01 – DESTROYED

3.7

ARROWHEAD WELL 02 – DESTROYED

1.8

SOUTH Y CENTER WELL - INACTIVE

4.2

Musick Meadows #1

INACTIVE WELL

1.8

Caza Drilling California Inc

WELL 01 - INACTIVE

47

EL DORADO South Tahoe PUD - Main

CWS - Bakersfield
KERN

Gaslite Mobile Home Park
Union Pacific Railroad
Company
Valley View Estates Mutual
Water Co.
Westside Industrial Center

LOS ANGELES
Santa Monica-City, Water
Division

SCWC - Culver City

49.2

WELL 064-01 - RAW - INACTIVE

12.3

WELL 075-01 - RAW - INACTIVE

5.2

WELL 01 - SYSTEM INACTIVATED

15.7

WELL 05 - INACTIVE

46

WELL 02 - INACTIVE

7.1

WELL 01 - INACTIVE

0.74

Truckee-Donner PUD, Main

ORANGE

Southern Calif WC - Yorba

3.5
0.8
13

CHARNOCK WELL 13 - INACTIVE

490

CHARNOCK WELL 15 - INACTIVE

72.8

CHARNOCK WELL 16 - INACTIVE

3.1

CHARNOCK WELL 18 - INACTIVE

47.5

CHARNOCK WELL 19 - INACTIVE

610

SENTNEY WELL 13 - ABANDONED

3.4

13-02 GAC VESSEL -D- 25% DESTROYED
WELL 001-04 - DESTROYED
WELL 013-02 - INACTIVE

NEVADA

2.8

VERDUGO WELL 02 - INACTIVE

Foster Farms Chicken Livehaul WELL #2 - DESTROYED

MONTEREY CWSC Salinas

4.5

WELL 022-02 - RAW - INACTIVE

Calif State Polytechnical Univ WELL 01 - DESTROYED
Pomona
NORTH HOLLYWOOD WELL 17 INACTIVE
Los Angeles - City, Dept. of
VERDUGO WELL 01 - INACTIVE
Water & Power

MERCED

Maximum
MTBE Conc.
(µg/L)

LPA REPORTED PRIMARY SOURCE INACTIVE
WELL 15-01 – INACTIVE

Tank House
Cal-Water Service Co.-Chico

FRESNO

Source Name

NEW DONNER CREEK WELL INACTIVE
CONCERTO 01 - INACTIVE
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System Name

Source Name

June 2008

Maximum
MTBE Conc.
(µg/L)

Linda
PLUMAS

Quincy Community S.D.

WELL 01 - NORTON - DESTROYED

SACRAMENTO Fruitridge Vista Water Company WELL 11 - INACTIVE
SAN BENITO Earthbound Farms
SAN
Sheep Creek Water Company
BERNARDINO
SAN DIEGO Crystal Clear Water Company
SAN
Presidio of San Francisco
FRANCISCO
SANTA CLARA
VENTURA
YUBA

3.1
26

WELL 02 - MTBE & CL2 TREATMENTINACTIVE
WELL 02 - RAW - INACTIVE

25

WELL 01 - DESTROYED

5.5

WELL 01 - INACTIVE

10

WELL 06 - ABANDONED

23

WELL 13 - ABANDONED

500

Loma Prieta JUSD-Loma Prieta
WELL 01 - INACTIVE
School
Calleguas Municipal Water
FAIRVIEW ASR WELL - INACTIVE
District
Cal-Water Service Co.WELL 03-01 - INACTIVE
Marysville

36

6.6
0.59
234.1

Source: California DHS (2005)

A study at the Lawrence Livermore National Laboratory (Happel et al., 1998) reported
that 78 percent of 236 monitored LUST sites in California had detectable levels of MTBE, 74
percent had concentrations exceeding 5 µg/L, and 70 percent had concentrations greater than 20
µg/L. The study authors estimated that the number of MTBE-contaminated sites in the State is
upwards of 10,000.
Cook et al. (2002) summarize data from multiple studies of MTBE occurrence in Santa
Clara County ground water. One study analyzed drinking water from 51 domestic wells within a
half-mile of LUST sites and found 4 detects, all at concentrations less than 10 µg/L. Another
study sampled 104 drinking water wells every six months starting in 1999, and by the end of
2001, had not detected MTBE above the reporting limit of 3 µg/L. Although drinking water
sources in Santa Clara County have not reported high levels of MTBE, ground water tests at
LUST sites in the county have. Of 432 active LUST sites that tested for MTBE in 2001, 87
percent detected concentrations above 3 µg/L. Of those, 51 had concentrations exceeding
10,000 µg/L. A study by Tulloch (2000) found that of 16 locations in Santa Clara County that
reported increasing trends in MTBE occurrence at significantly high levels, 13 had unreported
leaks of gasoline that occurred after upgrading the storage tank. The report concluded that even
after repairing and upgrading tanks, there can still be significant releases of fuel to soil and
ground water.
In March 1999, Governor Gray Davis issued an executive order for the three-year phaseout of MTBE, making California the first State to officially ban the chemical. The order was
codified by California SB 989, which also required refiners to submit quarterly reports on MTBE
use and supply (NCSL, 2000). Because of complications, the ban was delayed beyond the
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original December 31, 2002 deadline. California’s phaseout was complete on December 31,
2003 (USEPA, 2004c).
Connecticut
Widespread use of MTBE as an octane booster in Connecticut started in the mid-1980s.
Two parts of the State used MTBE in elevated concentrations when they were required to
participate in the wintertime Oxyfuel program from 1992 to 1999. The entire State began
participating in the Federal RFG program in January 1995. In 2000, approximately 95 percent of
RFG gasoline sold in Connecticut used MTBE as the oxygenate (Connecticut DEP, 2000).
MTBE was first discovered in Connecticut’s drinking water wells in 1987. In 1987, the
Connecticut Department of Public Health (Connecticut DPH) established an action level of 100
µg/L for MTBE in drinking water. In March of 1999, Connecticut DPH lowered the action level
to 70 µg/L. As of 2000, the Connecticut Department of Environmental Protection (Connecticut
DEP) had found MTBE at concentrations greater than the DPH action level in 236 water supply
wells, of which only 4 were public. Fifty-one PWSs and many more private wells had detected
MTBE at concentrations less than the action level (Connecticut DEP, 2000).
After 1995, when the percentage of MTBE used in gasoline throughout the State
increased to conform to federal RFG standards (typically from 3 to 11 percent by volume), the
fraction of drinking water wells in the State that detected trace levels of MTBE increased
significantly. Between 15 and 30 percent of all drinking water wells tested by Connecticut DEP
from 1995 to 2000 contained concentrations of MTBE between 0.5 and 10 µg/L. Connecticut
DEP considers contaminated rain or runoff as likely sources of low-level contamination, while
releases from underground storage tanks account for more than 90 percent of wells exceeding the
action level (Connecticut DEP, 2000).
A report by the Northeast States for Coordinated Air Use Management (NESCAUM,
1999a) provides more details on MTBE detections in Connecticut PWSs between 1997 and
1998. NESCAUM reports that 80 percent of the 607 CWS and 33 percent of the 647 NTNCWS
in the State tested for organic contaminants during that time period. Of those tested in 1997, 30
PWSs detected MTBE at some level, and four detected concentrations above 10 µg/L. The
maximum concentration was 210 µg/L. Of PWSs tested in 1998, 45 detected MTBE at any
level, and 13 detected concentrations above 10 µg/L. Four systems had concentrations greater
than 100 µg/L: 17,000 µg/L in Brookfield, 3,982 µg/L in Wilton, 400 µg/L in Durham, and 240
µg/L in Salem (NESCAUM, 1999a).
Connecticut Public Act 00-175, enacted on July 1, 2000, called for a ban on the sale and
use of MTBE in the State and required Connecticut DEP to develop a plan to implement the ban
(Connecticut DEP, 2004). The ban of MTBE in Connecticut began on January 1, 2004, the same
date that New York’s ban took effect (USEPA, 2004c).
Florida
Florida is not subject to federal RFG or Oxyfuel requirements. According to the Florida
Department of Environmental Protection (Florida DEP), most gasoline sold in the State contains
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3 to 8 percent MTBE (Florida DEP, 2004a). Florida started monitoring for MTBE as an
unregulated contaminant monitoring in PWSs in the early 1990s (Florida DEP, 2004b) and
started monitoring for MTBE in ground water at petroleum-contaminated sites in 1990 (Florida
DEP, 2004a).
The Florida DEP database (Florida DEP, 2004c) presents MTBE samples taken by the
Florida Drinking Water Program between January 1993 and March 2000. The data set includes
8,439 samples from 1,692 PWSs. The data record 428 detections of MTBE at 20 PWSs (19
community water systems and 1 NTNCWS). The rate of detection is approximately 5.1 percent
for samples, and 1.2 percent for systems. Of the detections, 101 (from 5 PWSs) ranged between
5 and 20 µg/L, and 3 (from 3 PWSs) exceeded 20 µg/L. The rest (324) were below 5 µg/L. On
its webpage, Florida DEP (2000b) states that only two PWSs exceeded 20 µg/L (166 µg/L and
104 µg/L, both entry-point samples), but the database identifies a third PWS with a 41 µg/L
plant sample. All of the detections were in ground water. Exhibit 13-18 presents the Florida
MTBE detection data broken down by sample type. The detection rate of MTBE in treated
drinking water (e.g., at the entry point or in the distribution system) was very low (< 0.5
percent).

Exhibit 13-18: MTBE Monitoring Results at Florida PWSs, Organized by Sample
Type
Sample
Type

Statistics for Recorded Detects

Total
Samples

Sample
Detects

Percent
Detects

Minimum

Median

Maximum

Check

73

0

0.0%

-

-

-

Composite

373

1

0.3%

0.28

0.28

0.28

Distribution

1506

0

0.0%

-

-

-

Entry Point

3566

10

0.3%

0.82

2.80

166.00

43

3

7.0%

1.30

2.90

41.00

Quarterly

1814

258

14.2%

0.10

1.66

19.30

Raw

1317

154

11.7%

0.21

0.70

13.00

47

2

4.3%

0.70

0.71

0.72

8739

428

4.9%

0.10

1.39

166.00

Plant

Special
Total

Source: Florida DEP, 2004c

Hawaii
Hawaii is not required to sell or distribute either RFG or Oxyfuel, and consequently, has
low levels of MTBE in its gasoline supplies. The Hawaii Department of Health conducted an
inquiry in 1997 to determine the extent to which MTBE was used in the State’s gasoline
formulation. The inquiry revealed that a major refinery on Oahu had used MTBE in the past,
and that this gasoline had likely been distributed to all major gasoline retailers and defense
facilities in the State. There were also cases where gasoline containing MTBE had been
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imported into the State. Subsequent testing revealed a number of LUST sites with MTBEcontaminated soil and ground water (Hawaii DOH, 1998).
Based on these findings, Hawaii DOH amended its UST policy to require monitoring for
MTBE at petroleum release sites. Hawaii DOH established an action level of 20 µg/L for MTBE
in aquifers used for or potentially used for drinking water, and 202 mg/L (202,000 µg/L) in nondrinking water aquifers to protect aquatic life (Hawaii DOH, 1998).
Hawaii DOH (1998) did not provide specific information on MTBE detections, or on the
impact of MTBE on Hawaii’s drinking water resources. A single Hawaii DOH press release,
dated November 23, 2004, documents the detection of MTBE in a drinking water well at a
concentration of 1.2 µg/L (Hawaii DOH, 2004). This concentration is below that typically
reported by State health departments.
Idaho
Idaho has never participated in Federal RFG and Oxyfuel programs. Like other States, it
has had low levels of MTBE in gasoline since 1979 as a lead replacement.
Wicherski (1999) studied the occurrence of MTBE in Idaho ground water at 100 LUST
sites with known petroleum contamination. MTBE was found at 50 percent of sites with recent
gasoline releases (less than 5 years old), but only at 30 percent of sites with older gasoline
releases. MTBE was found at no diesel release sites. The mean concentration of recent gasoline
releases was 2,271 µg/L, and 312 µg/L for older releases. The maximum concentration, 15,900
µg/L, was found at a recent release site. MTBE was found at concentrations between 5 and 20
µg/L at seven sites, and at concentrations greater than 20 µg/L at 25 sites. Thus most
contamination of ground water was either negligible (< 5 µg/L) or significant (> 20 µg/L), with
few concentrations in between. No information was provided on the impact of drinking water
wells by pollution of ground water at these sites (Wicherski, 1999).
Iowa
As of 2000, Iowa was not required to participate in Federal RFG program. According the
Iowa Department of Agriculture and Land Stewardship and the Petroleum Marketers of Iowa,
MTBE was neither used nor sold in Iowa at that time. However, MTBE was commonly used in
the late 1970s and 1980s as an octane enhancer. In response to concern that MTBE could be
harming ground water, in 1999 the Iowa legislature required that all soil and ground water
samples collected from LUST sites after July 1, 1999 be analyzed for MTBE (Iowa DNR, 2000).
A report by the Iowa Department of Natural Resources (IDNR, 2000) describes the
results of MTBE sampling at LUST sites between July 1, 1999 and December 17, 1999. Of
2,569 ground water samples collected during this period, about 32 percent of them reported
MTBE above the quantitation limit of 15 µg/L. Almost 29 percent of samples had MTBE levels
above 20 µg/L. Approximately 55 percent of sites had at least one ground water sample with an
MTBE concentration greater than 20 µg/L. The mean concentration of MTBE in ground water
samples with detections above the quantitation limit was 613 µg/L and the median was 81 µg/L.
The mean concentration of MTBE in all ground water samples was 200 µg/L and the median
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was 5 µg/L. In soil, MTBE was detected in 60 percent of samples at 62 percent of sites. In
addition, 53 water samples were collected from various “receptors” (e.g., drinking water wells,
plastic water lines), of which only five samples had concentrations greater than 15 µg/L. One
sample from a private drinking water well had an MTBE concentration higher than 20 µg/L
(23.7 µg/L) (IDNR, 2000).
The same report also presented the results of a 1999 Iowa DNR study of 235 PWSs with
wells in vulnerable bedrock (e.g., fractured systems). Only eight out of the 1048 samples (0.76
percent) contained MTBE, all of them at levels below the quantitation limit of 15 µg/L. In
addition, the State is aware of MTBE detections at three other municipal water systems, all in
northwest Iowa. Ida Grove has had low-level detections since 1997, reaching a maximum
concentration of 12.0 µg/L in September 1998 (post-treatment, pre-blending). Galva detected
MTBE at a concentration of 18 µg/L in 1996. Alford detected a maximum of 63 µg/L in 1994.
In part because of MTBE contamination, the latter two cities have abandoned their wells and
switched to other regional water sources (Iowa DNR, 2000).
The same bill that required MTBE monitoring at LUST sites also established a limit of 2
percent MTBE by volume in gasoline sold in the State, starting February 1, 2000 (Iowa DNR,
2000). Effective on July 1 of 2000, Iowa lowered the cap on MTBE ban in gasoline to 0.5
percent by volume (USEPA, 2004c).
Maine
Maine voluntarily chose to participate in the Federal RFG program. Seven Maine
counties participated from 1995 until the State was officially allowed to “opt out” in 1999
(Maine DEP, 2005). Around 1997 the Maine legislature adopted an enforceable drinking water
standard for MTBE of 35 µg/LBat the time the most stringent standard in any StateBand the
Maine Bureau of Health has monitored for MTBE in PWSs (Maine, 1998; Sullivan, 1998). At
the same time, the Maine Department of Environmental Protection (Maine DEP) adopted an
even more conservative action level of 25 µg/L for MTBE remediation (Maine, 1998; Sullivan,
1998).
The first known case of MTBE contamination in Maine occurred in 1984. A farmer’s
storage tank leaked gasoline containing 3 percent MTBE (by volume) and contaminated several
local wells. Two years after the leak was discovered, levels of MTBE were still detected in local
ground water at concentrations greater than 10,000 µg/L (Garrett et al., 1986 as cited in
NESCAUM, 1999a). In 1998, three incidents involving spills or tank overfills caused
contamination of public and private wells with MTBE (described in Section 13.3.4, above).
These incidents were highly publicized and created a sense of urgency about non-LUST sources
of contamination.
In response to rising concern, Maine’s governor directed State agencies to survey of
MTBE occurrence in the State’s drinking water resources. All of the State’s public water
systems and 1000 randomly selected private water supplies were to be sampled. The final study,
published in 1998, used samples from 793 of the State’s 830 nontransient public water supplies
and 951 residential water supplies. Of the public water supplies, 125 sites (16 percent) had
MTBE detections. Of these sites, 6.1 percent had MTBE concentrations of 1.0 µg/L or higher;
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no detections exceeded 35 µg/L. Of the household water supplies, 150 (15.8 percent) had MTBE
detections. Of these sites, 7.7 percent had concentrations of 1.0 µg/L or higher, and 1.1 percent
had concentrations greater than 35 µg/L. Extrapolated Statewide, these findings suggest that
approximately 1,400 - 5,200 private wells have MTBE contamination in excess of 35 µg/L
Statewide. A comparison of results in different parts of the State showed that community water
systems were 1.7 to 4.1 times more likely to be contaminated in areas of RFG use, depending on
population density, and that private water supplies in such areas were 1.3 to 2.0 times more
likely to be contaminated (Maine, 1998). It was on the basis of this study that Maine
successfully petitioned to “opt out” of the Federal RFG program in 1999 (Maine DEP, 2005).
In 2000, the Maine legislature adopted a goal of eliminating MTBE in gasoline by
January 1, 2003 (Maine DEP, 2005). In April of 2004, a bill was adopted that will phase-out
MTBE use by January 1, 2007, and cap concentrations in gasoline at 0.5 percent by volume
(USEPA, 2004c). Ironically, in 2004 MTBE levels in Maine gasoline rose for the first time
since 2000. State officials were unsure of the cause, but guessed that it might be due to a shift of
regional refiners’ low-MTBE gasoline stocks to Connecticut and New York, where bans were
already in effect (Maine DEP, 2005).
Maryland
Use of MTBE in significant quantities in Maryland began in 1995, when major
metropolitan parts of the State were required to participate in the RFG program (MDE, 2002). In
2001, a task force estimated that approximately 220 million gallons of MTBE are consumed each
year in Maryland (Maryland Task Force, 2001).
While Maryland has no health-based limit for MTBE exposure, the State considers
concentrations of 20 µg/L or more in water a trigger for treatment or replacement. In addition,
MTBE concentrations at or above the action level of 10 µg/L trigger an investigation to find the
source of the contamination (Maryland Task Force, 2001).
The Maryland Department of the Environment (MDE) started sampling for MTBE in
non-transient PWSs in 1995. By 2002, MDE had tested 1,203 PWSs, of which MTBE was
detected in 116 (9.6 percent). Thirteen systems (1.1 percent) had detections over 20 µg/L (MDE,
2002). Surface water systems, which serve 68 percent of Maryland residents, were hardly
affected at all: Only 2 of the 99 PWSs with detections by 2001 were surface water systems, and
neither had MTBE concentrations above 2 µg/L (Maryland Task Force, 2001). In 1999, MDE
started sampling for MTBE in private wells (Maryland Task Force, 2001). By 2002, LUST site
investigations had identified 338 domestic wells contaminated with MTBE (MDE, 2002). Deeb
et al. (2003) ran a query of the Maryland Water Supply Database and gathered several statistics
of occurrence. The results of this query are presented in Exhibit 13-19.
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Exhibit 13-19: Detection of MTBE in public water supply systems in Maryland
Occurrence Characteristics

1995

1996 1997 1998 1999 2000

2001

3 < MTBE < 5 µg/L

0

2

17

19

15

27

32

5 < MTBE < 20 µg/L

2

7

10

8

5

5

8

MTBE > 20 µg/L

2

3

3

3

4

5

3

Total # detections > 3 µg/L

4

12

30

30

24

37

43

Total # detections > 5 µg/L

4

10

13

11

9

10

11

940

596

555

659

388

384

323

Total # systems sampled
% Detection Frequency (> 3 µg/L)

0.4%

2.0% 5.4% 4.6% 6.2% 9.6% 13.3%

% Detection Frequency (> 5 µg/L)

0.4%

1.7% 2.3% 1.7% 2.3% 2.6% 3.4%

Source: Deeb et al., 2003

As of 2001, Maryland had taken no significant action to ban or phase out the use of
MTBE in gasoline (Maryland Task Force, 2001).
Michigan
As of 2002, Michigan did not participate in either federal fuels program. The presence of
MTBE in conventional gasoline was monitored by the State’s motor fuel quality program.
Approximately 1800 samples were tested each year, though not in a statistical framework.
Between 1994 and 1998, the percentage of gasoline samples containing MTBE in concentrations
greater than 1 percent by volume declined from 40 percent to 13 percent. In 2000, 13 percent of
samples contained MTBE in concentrations greater than 1 percent by volume, with an average
concentration of 3 percent by volume, which suggests an estimated annual consumption of over
four million gallons of MTBE in Michigan. In 2001, 17 percent of samples contained MTBE in
concentrations greater than 1 percent, with an average concentration of 4.75 percent, suggesting
estimated Statewide use of over 38 million gallons of MTBE (MDA, 2002).
Residual MTBE from pipelines was an additional source of MTBE in Michigan
gasolines, in volumes as high as 2 percent. In 2000 and 2001, the State’s motor fuel quality
program found MTBE in 45 percent and 34 percent, respectively, of nominally non-blended
gasoline samples (MDA, 2002).
According to the Michigan Department of Agriculture (MDA, 2002), the MDEQ has
established a health-based MTBE limit of 240 µg/L in drinking water, and an aesthetic threshold
of 40 µg/L. MDEQ’s Surface Water Quality Division found no MTBE in a preliminary
investigation of surface waters. MDEQ’s Drinking Water and Radiological Protection Division
found no MTBE detections in any major water supply, but did report isolated cases of MTBE in
private wells near to LUST sites (MDA, 2002).
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In 2000, Public Act 206 declared a ban on MTBE in Michigan, effective June 1, 2003.
Michigan’s single internal source of MTBE, a Detroit-area refinery that supplies approximately
one quarter of the State’s gasoline, planned to shut down its MTBE processor on October 1,
2002, and estimated that its MTBE stocks would be depleted by November 1, 2002 (MDA,
2002).
Missouri
Four Missouri counties and the city of St. Louis began participating in the Federal RFG
program in 1999. Ethanol is the favored oxygenate in Missouri; MTBE is only used in
approximately three percent of the reformulated gasoline sold in the St. Louis area (MDNR,
2004a).
Missouri has established three action levels for MTBE in drinking water. The limit for
long-term exposure (equivalent to an MCL) is 20 µg/L. The limit for temporary exposure, such
as while a PWS is searching for an alternate supply, is 400 µg/L. For acute exposures, 1000
µg/L is considered unsafe to drink for any length of time (MDNR, 2004a).
The State of Missouri began testing for MTBE at LUST sites in 1992 and in public water
supplies in 1995 (MDNR, 2004a). Between 1992 and April of 2004, the State of Missouri found
MTBE in 46 public and private drinking water wells at 30 currently active sites. These include
15 wells at 13 public supplies, with MTBE concentrations ranging from 1.48 µg/L to a high of
604 µg/L. MTBE concentrations at twelve of the wells peaked at less than 15 µg/L. Of 31
private wells, 25 had MTBE concentrations higher than 20 µg/L. The highest concentration in a
private well was 17,000 µg/L (MDNR, 2004b).
As of 2000, the Missouri Public Drinking Water Program counted 1,444 CWSs and 241
NTNCWSs in the State (PSTIF, 2000). Based on those numbers, the 13 MTBE-contaminated
PWSs represent less than 1 percent of Missouri public water systems.
In July of 2002, Missouri adopted a partial ban of MTBE, capping concentrations of
gasoline sold or stored in the State at 0.5 percent by volume. The cap goes into full effect on
July 31, 2005 (USEPA, 2004c).
Nevada
MTBE has been used in some premium fuels in Nevada since 1979. Both Las Vegas and
Reno began using oxygenated fuels in 1989 to reduce wintertime air pollution, even before the
federal program began in 1992 (NDEP, 1998). In early years, a combination of MTBE and
ethanol was used to meet the oxygenation goals. However, by 2001, both metropolitan areas
were using only ethanol to fulfill their oxygenate requirement (USEPA, 2001b).
In 1998, the Nevada Department of Environmental Protection (NDEP) set an interim
action limit of 20 µg/L for MTBE in ground water at sites “in close proximity to receptors [e.g.,
people or fauna] and/or sensitive environments.” At sites with “incomplete exposure pathways,”
the limit is 200 µg/L (NDEP, 1998).
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New Hampshire
Four counties in southeast New Hampshire voluntarily opted into the Federal RFG
program. Their participation began in 1995 (NHDES, 2002). In 2000, the NHDES compared
the composition of gasoline in the six counties not required to have RFG to that in the four
counties selling RFG. In the four-county RFG program area, all 40 samples met the RFG
oxygen content requirement (2 percent). The MTBE content in these 40 samples ranged from
3.9 percent to 14 percent by volume. In the six-county area, they found that 5 percent of
gasoline samples (7 of 140) contained enough MTBE and/or other oxygenates to qualify as RFG
on the basis of oxygen content. An additional 18 percent (25 samples) had higher than expected
levels of MTBE (4% to 10% by volume). In general, samples with elevated oxygen content
were samples of mid- and higher grade gasoline. Other commonly detected oxygenates included
TAME (126 of 140 samples) and ETBE (over 70 samples). A few samples also contained diisopropyl ether (DIPE) and tertiary butyl alcohol (TBA), but none contained ethanol or methanol
(NHDES, 2000a).
In 1993, New Hampshire began requiring all 1125 community and non-transient PWSs to
monitor for VOCs. However, private State-certified labs were not required to test for MTBE
until 1998. By March 1999, the State was aware of MTBE detections at 195 systems, including
171 active systems. Thirty systems (24 active) had detections greater than 5 µg/L, and 9 systems
(4 active) had detections greater than 20 µg/L (NESCAUM, 1999a). In May of 2000, the State
of New Hampshire lowered its drinking water standard for MTBE from 70 µg/L to 13 µg/L
(NHDES, 2000b).
In 2000, 27 percent of private well samples analyzed in New Hampshire contained
MTBE, and 4 percent exceeded the State standard of 13 µg/L. First-time detections of MTBE in
public water supplies in 2000 were three to four times higher than pre-1995 levels. Also in
2000, NHDES found that 16.8 to 23.2 percent of the public water supplies in the four-county
RFG area tested positive for MTBE, compared to 1.8 to 8.8 percent of public drinking water
supplies in other areas of the State. Based on findings like these, New Hampshire petitioned
EPA in 2001 for permission to opt out of the RFG program (NHDES, 2002).
In May of 2004, New Hampshire enacted a partial ban that caps MTBE concentrations in
gasoline at 0.5 percent by volume. The ban will take place on either January 1, 2007, or 6
months after the State gains Federal approval to opt out of the RFG program, whichever date is
later. New Hampshire’s ban also applies to other gasoline ethers and TBA (USEPA, 2004c). In
2005, New Hampshire confirmed January 1, 2007 as the effective date of the ban (New
Hampshire, 2005).
New Jersey
Twenty-one counties in New Jersey began participating in the wintertime Oxyfuel
program in late 1992, and the entire State joined the Federal RFG program in 1995. The oxyfuel
program ended in 1995 for the southern counties (the Philadelphia metropolitan area) and in
1999 for the northern counties (the New York/New Jersey metro area). In New Jersey, as in
most other northeastern States, MTBE was and is the oxygenate most frequently used to meet
oxyfuel and RFG requirement. For at least 20 years, MTBE has also been used to boost octane
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in conventional gasoline, in concentrations of 2 to 8 percent in premium grades, and somewhat
less in regular grades (New Jersey DEP, 2003).
Development of a health-based standard for MTBE in drinking water in New Jersey
began in the mid-1980s, when concentrations as high as 81 µg/L were discovered in public water
supplies. The process culminated with the establishment of a MCL of 70 µg/L in 1996. The
MCL was based on the finding of increased kidney weights and possible carcinogenicity in a
subchronic oral rat study. The Department of Environmental Protection (New Jersey DEP) has
received some reports of taste and odor problems at wells with MTBE in concentrations below
70 µg/L (New Jersey DEP, 2003).
New Jersey has been collecting data on MTBE occurrence in public water supplies since
1997. In the first year of sampling, MTBE was found in 15 percent of community water systems
and 16 percent of non-transient non-community water systems. In 400 community water
systems, the highest concentration was 8.4 µg/L. In 397 non-transient non-community water
systems, two had concentrations exceeding 20 µg/L, and only one exceeded the MCL of 70
µg/L. The State was only able to find obvious sources of contamination for about two thirds of
the contaminated PWSs (New Jersey DEP, 2003).
New Jersey stores large amounts of fuel in USTs. New Jersey DEP estimates that the
State’s 34,000 gasoline-containing USTs have an annual throughput of about 1.7 billion gallons
of gasoline, including about 187 million gallons of MTBE (New Jersey DEP, 2003). New Jersey
has confirmed reports of 9,383 leaking storage tanks, of which 5,558 have been cleaned up
(USEPA, 2005f). The State’s Bureau of Underground Storage Tanks (BUST) reported that 80
percent of the 2,400 LUST sites with ground water cleanups had MTBE concentrations above 70
µg/L in ground water (New Jersey DEP, 2003).
The New Jersey District Office of the USGS has been gathering data on MTBE
detections in New Jersey surface and ground water through several projects. A compiled
summary of all New Jersey data from the Ambient Ground Water Monitoring Network as well as
several special studies conducted in the State by USGS is presented in Exhibit 13-20
(NESCAUM, 1999a). Note that the data are aggregated from several studies, and in some cases
multiple detections are reported from a single site. According to NESCAUM (1999a), USGS
researchers concluded that atmospheric deposition could account for the relatively high
frequency of low-level MTBE contamination in New Jersey, though they did not rule out
migration of MTBE from distant gasoline release sites. In its own summary of findings and
recommendations for the region, NESCAUM (1999b) concludes that low-level MTBE
contamination in the Northeast is probably attributable to a combination of atmospheric
deposition, small surface spills, and storm water runoff.
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Exhibit 13-20: Detection of MTBE in Ground and Surface Waters in New Jersey
Year

No.
Samples

No.
Median
Max
Detects (µg/L)
(µg/L)
Ground Water

1998

102

35

0.19

4.1

34%

1997

183

55

0.67

30.2

30%

1996

89

34

0.21

43.8

38%

1995

23

5

0.3

2.3

22%

1994

19

3

0.5

2.1

16%

Percent detects

Surface Water
1998

161

112

1.09

29

70%

1997

98

94

0.52

16

96%

1996

107

80

0.41

4.9

75%

Total
782

418

53%

Source: USGS data, presented in NESCAUM, 1999a
Minimum detection limits ranged from 0.5 µg/L to 0.1 µg/L.
Percent detects calculated by dividing the number of detects by the number of samples.

New York
Parts of New York have participated in both the Federal RFG program and the
wintertime Oxyfuel program. Both the New York City metro area and the Syracuse area were
required to use oxygenated fuel starting in 1992 as part of the Oxyfuel program. Syracuse was
released from the requirement in 1993 and New York City in 2000 (USEPA, 2001b). As of
February 2004, thirteen counties were participating in the Federal RFG program (USEPA,
2005b).
New York did not require testing for MTBE until July 1998. Now, the New York State
Department of Health requires MTBE information from ground water suppliers serving over
10,000 people. Additionally, New York State’s Wadsworth Laboratories performs compliance
monitoring for small PWSs. Sampling at Wadsworth is not representative of the entire State, but
results of PWS samples from 1996 to 1998 are presented in Exhibit 13-21 (NESCAUM, 1999a).
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Exhibit 13-21: MTBE in Public Water Systems Samples analyzed by Wadsworth
Laboratory in New York

1996

No.
Samples
282

No.
Detects
5

Percent
Detects
1.8%

No. Detects
> 10 µg/L
5

Maximum
(µg/L)
66

1997

404

17

4.2%

1

17

1998

381

16

4.2%

3

33

Year

Note: The minimum detection limit was 10 µg/L in 1996, either 1 or 10 µg/L in 1997, and 1 µg/L in 1998.
The data included multiple samples from some wells.
Source: NESCAUM, 1999a

One study provides an idea of contamination in private wells in New York. Lince et al.
(2001) sampled 74 private wells near 21 gasoline stations in New York State, plus 21 control
wells. Twenty-eight percent of the 74 study wells had MTBE in concentrations at or above the
practical quantitation limit of 1 µg/L. The mean concentration was 12 µg/L, and the highest
concentration was 61 µg/L. Seven percent of wells had concentrations between 20 and 49 µg/L,
and 3 percent had concentrations of 50 µg/L or higher. Five percent of the control wells (1 well)
exceeded 1 µg/L. Detections greater than 1 µg/L were more frequent in wells near stations
selling reformulated gasoline (38 percent) than near stations selling conventional gasoline (20
percent) (Lince et al., 2001).
In May of 2000, New York State adopted a complete ban of MTBE. The ban became
effective January 1, 2004 (USEPA, 2004c).
Washington
Of the three urban areas initially regulated under the wintertime Oxyfuel program, the
Seattle and Vancouver vicinities gained exemption from the program in 1996. The third area,
Spokane, uses ethanol to meet its oxygenated fuel requirement (USEPA, 2001b). No part of
Washington has ever participated in the RFG program (USEPA, 2005b). Washington’s
Department of Ecology (Washington DOE) has documented the use of MTBE as a fuel
oxygenate in the State on only one occasion (Washington DOE, 2000).
A 2000, Washington DOE conducted a study of MTBE contamination in ground water.
As of May 2000, Washington had 6,000 regulated LUST sites, of which 1,900 (32 percent) had
reportedly impacted ground water. Washington DOE chose 70 geographically representative
sites from among the 1,900, and took one monitoring well sample from each. DOE found that 26
sites (42 percent) had detections at or above 1 µg/L and 24 percent had concentrations above 20
µg/L. The highest concentration was 7,150 µg/L. The median concentration of all samples at or
exceeding 1 µg/L was 13 µg/L. A measured occurrence rate of 42 percent suggests that over 800
LUST sites might be point sources responsible for MTBE contamination of ground water in the
State. However, Washington DOE notes that due to limitations of the study (e.g., sampling of
only well per site, irregular quantitation limits, 80% of releases occurred five or more years
previously, location of monitoring wells), the actual number might be much higher (Washington
DOE, 2000).
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The ground water clean-up level established by the State of Washington for MTBE is 20
µg/L (NEIWPCC, 2003). In May of 2001, the State legislature approved a partial ban of MTBE
starting January 1, 2004. MTBE may not intentionally be added to fuel or knowingly mixed in
gasoline to concentrations above 0.6 percent by volume (USEPA, 2004c).
13.3.6 State MTBE Regulations
At least 25 States have instituted partial or complete bans on MTBE. See Exhibit 13-22
for a list of such States and their phase-out dates.

Exhibit 13-22: State Actions Banning MTBE
State
Arizona
California
Colorado

Effective Date

Extent of MTBE Ban

January 1, 2005

0.3% max volume in gasoline

December 31, 2003

complete ban in gasoline

April 30, 2002

complete ban in gasoline

January 1, 2004

complete ban in gasoline

Illinois

July 24, 2004

0.5% max volume in gasoline

Indiana

July 24, 2004

0.5% max volume in gasoline

Iowa

July 1, 2000

0.5% max volume in gasoline

Kansas

July 1, 2004

0.5% max volume in gasoline

Kentucky

January 1, 2006

0.5% max volume in gasoline

Maine

January 1, 2007

0.5% max volume in gasoline

June 1, 2003

complete ban in gasoline

Connecticut

Michigan
Minnesota

July 2, 2005 complete ban in gasoline (following partial ban in 2000)

Missouri

July 1, 2005

0.5% max volume in gasoline

Montana

January 1, 2006

no more than trace amounts in gasoline

July 13, 2000

1% max volume in gasoline

New Hampshire

January 1, 2007

0.5% max volume in gasoline

New Jersey

January 1, 2009

0.5% max volume in gasoline

New York

January 1, 2004

complete ban in gasoline

North Carolina

January 1, 2008

0.5% max volume in gasoline

July 1, 2005

0.5% max volume in gasoline

Rhode Island

June 1, 2007

0.5% max volume in gasoline

South Dakota

July 1, 2001

0.5% max volume in gasoline

Vermont

January 1, 2007

0.5% max volume in gasoline

Washington

January 1, 2004

0.6% max volume in gasoline

August 1, 2004

0.5% max volume in gasoline

Nebraska

Ohio

Wisconsin

Source: This table is adapted from USEPA, 2004c and McCarthy and Tiemann, 2005. It has been further updated as more
recent information has become available in the media. For current information, see individual State regulations. See also:
http://www.epa.gov/ATHENS/research/regsupport/gasoline/mtbe.pdf.
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In 2003, the NEIWPCC conducted a survey of MTBE contamination at LUST sites in the
States. All 50 States replied to the survey, though not all States responded to every question.
Forty-two States reported that they had action levels, cleanup levels, or drinking water standards
for MTBE. Of these, 23 States had soil action levels, 27 had soil cleanup levels, 31 had ground
water action levels, and 34 had ground water cleanup levels. Eleven States had established
primary drinking water standards for MTBE (See Exhibit 13-23). Four of these States had
standards below 20 µg/L, and another four had standards in EPA’s health advisory range for
organoleptic (taste and odor) effects (20 µg/L to 40 µg/L). The remaining primary drinking
water standards were 50 µg/L, 70 µg/L, and 240 µg/L. Seven States had established secondary
drinking water standards for MTBE, ranging from 5 µg/L to 400 µg/L. Eleven States had
adopted EPA’s drinking water advisory level (range of 20-40 µg/L, based on organoleptic
effects), and thirteen States had established health advisory levels of their own, ranging from 20
µg/L to 200 µg/L (NEIWPCC, 2003).

Exhibit 13-23 State Primary Drinking Water Standards
State

Primary Drinking Water Standard

California

13 µg/L

Colorado

15 µg/L

Delaware

10 µg/L

Maine

35 µg/L

Mississippi

240 µg/L

Missouri

20 µg/L

New Hampshire

13 µg/L

New Jersey

70 µg/L

New York

50 µg/L

Oregon

20 µg/L

Vermont

40 µg/L

Source: NEIWPCC, 2003
Note: Two additional States, Illinois and Kansas, are listed by NEIWPCC as having primary drinking water standards, but apparently
in error, as no numerical value for either standard is provided. Since this table is based on information collected in 2003, it is not
guaranteed to be current. For the most up-to-date information and complete details, see State regulations.

In 2000, according to an earlier NEIWPCC survey, 20 of 38 responding States had
established action levels for MTBE in soil, 28 had soil clean-up levels, 26 had action levels for
MTBE in ground water, and 32 had ground water clean-up levels (NEIWPCC, 2000). In 2003,
with all 50 States responding, the numbers were: 23 States with soil action levels, 27 with soil
clean-up levels, 31 with ground water action levels, and 34 with ground water clean-up levels
(NEIWPCC, 2003).
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14 Microorganisms on the CCL 2
The nine microbial contaminants listed on the Second Contaminant Candidate List (CCL
2) include:
•
•
•

Four virus groups - Caliciviruses, Echoviruses, Coxsackieviruses, and Adenoviruses
Four bacteria/bacterial groups - Aeromonas hydrophila; Helicobacter pylori;
Mycobacterium avium intercellulare or MAC; and Cyanobacteria (blue-green algae),
other fresh water algae, and associated toxins
One group of protozoa - Microsporidia (Enterocytozoon bieneusi and Septata intestinalis,
now renamed Encephalitozoon intestinalis)

14.1 Evaluation of Microbial Contaminants for Regulatory Determination
In addition to considering if the Agency had sufficient information to address the three
statutory criteria (i.e., adverse health effects, known/likely occurrence, and meaningful
opportunity for health risk reduction), the Agency also considered whether sufficient information
was available to determine the effectiveness of current treatment requirements for controlling the
nine microbial contaminants. After consideration of these factors, the Agency determined that
none of the nine microbial contaminants have sufficient information at this time to address the
three statutory criteria or the question about whether current treatment practices adequately
control for these organisms.
General areas where information is insufficient are identified in Exhibit 14-1. Section
14.2 briefly summarizes the available occurrence, health, analytical methods, and treatment
information on the nine CCL 2 microorganisms. Section 14.3 provides a brief overview of
ongoing research and data gaps.

Exhibit 14-1: Information Gaps for the CCL 2 Microbial Contaminants
Health Effects
Microsporidia
Some Cyanotoxins

Treatment
Aeromonas
MAC
Helicobacter
Adenoviruses
Caliciviruses
Coxsackieviruses
Echoviruses
Microsporidia
Some Cyanotoxins

Analytical Methods
Aeromonas
MAC
Helicobacter
Microsporidia
Some Cyanotoxins
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14.2 Microbial Contaminant Profiles
14.2.1 Helicobacter pylori
Characteristics
Helicobacter pylori, first isolated from humans in 1983, is a spiral-shaped,
microaerophilic, non-sporulating, gram-negative rod-shaped bacteria (CDC, 1999). Humans are
the only know reservoir for H. pylori, which resides in the gastric mucous layer, or adheres to the
epithelial lining of the stomach (Madigan et al., 1997; CDC, 2002). In the United States, H.
pylori is most prevalent among older adults, African Americans, Hispanics, and lower
socioeconomic groups; about two-thirds of the world’s population is infected (Staat et al., 1996;
CDC, 2002).
Health Effects
Peptic ulcer disease, gastric cancer, and gastric lymphoma are the classic health effects
ascribed to H. pylori infection, but clinical manifestation may also include non-ulcer dyspepsia,
and gastro-esophageal reflux disease (Vassili and Malfertheiner, 2003; Isakov and Malfertheiner,
2003). Recent evidence also suggests a possible association of cardio- and cerebrovascular
diseases, hematologic disease, skin diseases, intractable nausea during pregnancy, and
hepatobiliary disease with H. pylori infection (Gasbarrini et al., 2003; Zuberbier, 2003; Diaz et
al., 2003). The International Association for Research on Cancer (IARC) has classified H. pylori
as carcinogenic to humans (group 1) (IARC, 1994).
Analytical Methods
H. pylori is difficult to culture. A selective medium that discriminates it from
background bacteria and a reliable method to detect viable organisms are under development
(Degnan et al., 2003). Molecular methods, such as fluorescent in situ hybridization (FISH) and
the polymerase chain reaction (PCR), can aid in the detection of H. pylori but they fail to
distinguish viable and non-viable organisms (Van Doorn et al., 2000; Moreno et al., 2003).
Occurrence and Exposure
The organism’s only natural ecological niche is the stomach lining of humans. Evidence
of this pathogen’s survival in the environment is limited due to difficulty in culturing. Using
molecular techniques, researchers have detected H. pylori in ambient water, including some
drinking water sources, in the U.S., Canada, Japan, and Sweden (Hegarty et al., 1999a;
McKeown et al., 1999; Sasaki et al., 1999; Hulten et al., 1998). More research is needed on the
occurrence of viable H. pylori in drinking water, including ground water sources that may be
affected by ambient surface waters. H. pylori is included on List 3 of EPA’s Unregulated
Contaminant Monitoring Rule (UCMR) (64 FR 50556). Monitoring will begin when a suitable
analytical method has been developed and tested.
H. pylori has a low infective dose and a high prevalence in human populations.
Seroprevalence studies indicate that more than 50 percent of people in the United States are
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infected, although this rate is declining (Staat et al., 1996). Some epidemiological data on H.
pylori suggest host-to-host transmission, although common sources of infection, such as food or
drinking water, have also been implicated (Malaty et al., 1991; Blecker et al., 1994). The
likelihood of waterborne transmission in the U.S. has not been determined, but it is a strong risk
factor in developing countries (Hegarty et al., 1999b). Most infections are acquired in
childhood, although children may remain asymptomatic (Lanciers et al., 1996; Rowland and
Drumm, 1998).
Water Treatment
Studies indicate that individual cases of H. pylori are readily inactivated by chlorine and
removed by conventional and membrane filtration (Johnson et al., 1997; Gerba et al., 2003a).
However, there is uncertainty about the survival rates of the non-culturable coccoid form. Also,
there is still a question about the disinfection efficiency of disinfectants other than chlorine,
especially for aggregated or adsorbed cells (Baker et al., 2002).
14.2.2 Aeromonas hydrophila
Characteristics
Aeromonas hydrophila is a gram-negative, oxidase-positive, non-spore-forming,
facultatively anaerobic rod, some strains of which are of clinical importance. A. hydrophila is
free-living in soil and water, and is not necessarily associated with fecal contamination. It grows
in the biofilm of distribution systems.
Health Effects
Aeromonas species can cause gastroenteritis and infection of wounds (Smith and
Cheasty, 1998; Janda and Abbott, 1998; Vila et al., 2003). Diarrhea is generally self-limited and
lasts a few days to a few weeks (Tomar, 2001). Chronic diarrhea of more than a few weeks has
been described in children under the age of five years who have predisposing conditions such as
treatment with antibiotics to which Aeromonads are resistant (Moyer, 1987). Disseminated,
systemic disease in the compromised hosts (especially those who have underlying liver disease
or cancer) causes a high fatality rate. Other systemic infections include bacteremia, septicemia,
cirrhosis, and endocarditis (Lau et al., 2000; Chang et al., 1997; Braun et al., 2001; Brouqui and
Rault, 2001).
Exposure to Aeromonas occurs through ingestion of contaminated food and water, and
dermal contact with water or soil. Person-to-person transmission is rare (Farmer et al., 1992;
Janda and Abbott, 1998). Transmission generally occurs by exposure to Aeromonas in aqueous
environments, either via trauma or wound infection or by ingestion (Altwegg and Geiss, 1989;
Esteban et al., 1999). Exposure to surface water is the primary risk factor associated with wound
infection. No waterborne outbreaks have been reported.
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Analytical Methods
EPA Method 1605 uses a selective medium to distinguish species and strains of
Aeromonads in water (USEPA, 2000). This was the method used for screening under the
UCMR. One drawback of this method is that it only identifies to the genus level and thus does
not differentiate between pathogenic and non-pathogenic strains (Altwegg et al., 1990). Several
molecular methods are available but none have been standardized for general use (Peng et al.,
2002; Wang et al., 2003).
Occurrence and Exposure
A. hydrophila has been found in all types of water: wastewater, surface water, ground
water, marine and estuarine environments, and even chlorinated water supplies (Pettibone, 1998;
Borrell et al., 1998; Bianucci et al., 2001). It grows in distribution systems (Gavriel et al., 1998;
Smith and Cheasty, 1998). EPA included Aeromonas as an analyte in the recent UCMR
Screening Survey (2001-2003). Under this survey, drinking water samples were collected from
300 water systems, 6 times a year, and at 3 different sampling locations per system. The samples
were analyzed using EPA Method 1605 (USEPA, 2000). Aeromonas was detected in 2.6% of
the samples. (For details, see the forthcoming report entitled The Analysis of Occurrence Data
from the First Unregulated Contaminant Monitoring Regulation (UCMR 1) in Support of
Regulatory Determinations for the Second Drinking Water Contaminant Candidate List.)
Further work is needed to determine the pathogenicity of isolates detected in these samples.
Water Treatment
Standard water treatment with chlorine disinfectant appears to reduce the numbers of
Aeromonads to levels below 1 colony forming unit (CFU) per 100 ml (Nichols, 1996).
However, treated water can support Aeromonad growth in storage reservoirs or distribution
systems, and Aeromonads can contribute to biofilm, which makes them more resistant to
disinfectant residuals (Gavriel et al., 1998). The concentration and rate of growth depend on
temperature, organic content of the water, residence time in the distribution system, and the
amount of residual chlorine disinfectant (Burke et al., 1984).
14.2.3 Mycobacterium avium Complex (MAC)
Characteristics
MAC is a group of slow-growing, gram-positive, aerobic, rod-shaped bacteria that
consists of two predominant species, Mycobacterium intracellulare and Mycobacterium avium,
the latter of which has three subspecies: M. avium ssp. avium, M. avium ssp. paratuberculosis,
and M. avium ssp. silvaticum (Thorel et al. 1990a, 1990b; Inderlied et al. 1993; Cangelosi et al.
2003). These bacteria are ubiquitous in the environment and cause opportunistic infections in
humans and animals (Falkinham, 1996). Due to the low permeability of their cell walls, MAC
are resistant against therapeutic agents (Minnikin, 1991; Nikaido et al., 1993). Mycolic acids,
complex lipids located within the cell wall, contribute to the hydrophobic nature of the cell
envelope and are thought to play a role in the organism’s resistance against therapeutic agents
(Nikaido et al., 1993).
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Health Effects
MAC infections occur most often in immunocompromised individuals (Horsburgh,
1991). Infections caused by MAC include cervical lymphadenitis (inflammation of neck lymph
nodes), joint infections, pulmonary infections and bacteremia (Swanson et al., 1998; Wolinsky,
1995; Horsburg et al., 1992). MAC-related pulmonary disease typically occurs in patients with
impaired cellular immunity or chronic lung disease (Aksamit, 2002). MAC usually manifests in
AIDS patients as a disseminated disease involving the lungs, lymph nodes, and gastrointestinal
tract. Mycobacterial cervical lymphadenitis has long been recognized as a disease of children
between 6 months and two years of age; infection is limited to the cervical and mandibular
lymph nodes. M. paratuberculosis is suspected in the etiology of Crohn’s Disease (Romero et
al., 2005). EPA established a Health Advisory for mycobacteria in 1999 (USEPA, 1999).
Analytical Methods
Culture and isolation of MAC bacteria from environmental samples is problematic
because of their slow growth (it could take months to see colonies on plates), particular nutrient
requirements, and the presence of other microorganisms that quickly outgrow MAC. The use of
nucleic acid probes for group or species determination has generally replaced biochemical
identification methods for screening samples. Definitive identification of mycobacteria is
possible by determination of methylated fatty acid or through examination of mycolic acid
profiles by chromatographic methods (Ozbek and Aktas, 2003; HPLC Users Group, 1999). PCR
methods are available to facilitate direct detection of MAC in environmental samples. Molecular
typing methods have demonstrated remarkable heterogeneity among MAC strains; typing has
shown both taxonomic and epidemiological value (van Soolingen, 2001).
Occurrence and Exposure
MAC has been isolated from tap water samples worldwide (Aronson et al., 1999; Covert
et al., 1999). The presence of these bacteria in tap water is attributed to their high resistence to
disinfectants commonly used in water treatment and their ability to grow in biofilms in
distribution systems (von Reyn et al., 1993, 1994). MAC is thermo-tolerant (it grows at
temperatures in the range of 52 to 57 oC), and has frequently been isolated from recirculated hot
water systems in institutions such as hospitals (Embil et al., 1997; Kahana and Kay, 1997).
Increased zinc levels have been suggested to favor growth and survival of MAC. Some hospitals
use galvanized pipes made with zinc alloys which would contribute to MAC growth. In several
studies, MAC has been isolated from biofilm in water distribution systems in the U.S., indicating
that biofilms may be a significant reservoir for the organism (Norton et al., 1999; Falkinham et
al., 2001).
Water Treatment
MAC bacteria exhibit significant resistence to chlorine, chloramine, chlorine dioxide, and
ozone disinfection of drinking water (Taylor et al., 2000; Le Dantec et al. 2002; Gerba et al.,
2003a). This is probably due to the presence of waxy material in their cell wall and the ability of
some strains to clump together (Gerba et al., 2003a). However, because mycobacteria adhere to
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particles, a large fraction are removed from drinking water by flocculation, sedimentation, and
filtration. They are also sensitive to ultraviolet radiation (USEPA, 2002).
MAC bacteria have been isolated from drinking water distribution biofilms (Iivanainen et
al., 1999; Falkinham et al., 2001). The fact that colonization of water distribution systems
occurs in both surface and ground water sources suggests that mycobacteria in the distribution
system might represent renewable biofilm (Falkinham, 2002).
14.2.4 Cyanobacteria (blue-green algae), other fresh water algae, and their toxins
Characteristics
Cyanobacteria, often referred to as blue-green algae, more closely resemble bacteria than
algae. Of the thousands of cyanobacterial species that are known to exist, an estimated 46 of
them produce toxins (WHO, 1998). Cyanobacterial toxins are divided into three groups: cyclic
peptides, alkaloids, and lipopolysaccharides (LPSs). The toxins of most concern in the United
States are microcystin, which is a cyclic peptide, and cylindrospermopsin, anatoxin-a, saxitoxin,
and anatoxin-a(s), which are all alkaloids (USEPA, 2001).
Health Effects
Most recognized cyanotoxins are hepatotoxins or neurotoxins. Cyanobacterial toxins can
also cause skin irritation, acute gastroenteritis, and possibly cancer (Chorus and Bartram, 1999).
Illnesses have been reported following ingestion of contaminated water, and in at least one case
deaths occurred after hemodialysis treatments that used water contaminated with cyanotoxins
(130 patients became ill, and 50 of them died). Biological and chemical evidence pointed to the
occurrence of microcystins in treatment water as being the major factor in these deaths
(Carmichael et al., 2001; Pouria et al., 1998; Jochimsen et al., 1998; Chorus and Bartram, 1999).
Children and immunocompromised people may be at greatest risk of health effects from
cyanobacterial toxins (Pilotto et al., 1999). The World Health Organization (WHO, 2004) has
set a provisional guideline value of 1 µg/L for microcystin-LR.
Analytical Methods
Several analytical methods are available for detecting cyanobacteria and their toxins in
drinking water. Some research methods currently available for some toxins include high
performance liquid chromatography (HPLC), enzyme linked immunosorbent assay (ELISA),
protein phosphatase inhibition assay (PPIA), and liquid chromatography/mass spectrometry
(LC/MS). However, none of these methods have been standardized (USEPA, 2001).
Occurrence and Exposure
Cyanobacteria are ubiquitous in the aquatic environment. They occur in surface water
whenever nutritional, temperature, and water flow conditions are favorable for their growth
(Horne and Goldman, 1994; Yoo et al., 1995; Chorus and Bartram, 1999). Some cyanobacteria
release toxins throughout their life cycle, while others only release toxins upon cell death or lysis
(Yoo et al., 1995). When released to the aquatic environment, cyanobacterial toxins may persist
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for several weeks to months (Yoo et al., 1995; Chorus and Bartram, 1999). The American Water
Works Association Research Foundation (AwwaRF, 2000) performed a preliminary monitoring
study of microcystins in drinking water using a screening method. The result showed that 80%
of the samples (539 out of 677) collected by participating U.S. and Canadian water utilities were
positive for microcystins but only 4.3% of the positive samples had concentrations higher than
WHO’s 1 µg/L guideline. A recent Wisconsin study showed microcystin levels to be as high as
6 µg/L in some raw waters (USEPA, 2001). At this time there is no national database on the
occurrence and frequency of cyanobacterial blooms or their toxins in the United States.
Water Treatment
Controlling source water to make it unsuitable for algal growth is one of the most
effective methods of water treatment (Burns, 2000; USEPA, 2001). Riverbank filtration also
shows promise for toxin removal (Holst et al., 2003). Water treatment techniques (coagulation,
sedimentation, filtration, disinfection, granular activated carbon (GAC), powdered activated
carbon (PAC), ozonation, and ultraviolet radiation) are effective to varying degrees at removing
most of the most common cyanobacteria and their toxins in drinking water (USEPA, 2001;
Burns, 2000; Hitzfeld et al., 2000). When the appropriate combination of techniques is used,
close to 100 percent of particular toxins can generally be eliminated in finished water, though
algal blooms and high organic loads can limit treatment effectiveness (Drikas et al., 2001;
Karner, et al., 2001; Hitzfeld et al., 2000). Some treatment options (e.g., copper sulfate
application) can cause cell lysis and produce an increase in extracellular toxin concentrations
(Yoo et al., 1995; USEPA, 2001).
14.2.5 Adenoviruses
Characteristics
Adenoviruses are double-stranded deoxyribonucleic acid (DNA) viruses. These are the
largest of the viruses on the Contaminant Candidate List (CCL). They range in size between 60
and 90 nm (Foy, 1997). Adenoviruses were first noted in human adenoid and tonsil tissue in
1953 (Rowe et al., 1953). More than 50 adenovirus types exist (De Jong et al., 1999). Different
types cause a wide range of health effects. Because adenoviruses can occur in human feces (Pina
et al., 1998), there is a potential for waterborne transmission. Adenovirus types with the greatest
such potential are the enteric adenoviruses, types 40 and 41 (Foy, 1997).
Health Effects
Children under two years old are especially vulnerable to enteric adenovirus infection
(LeBaron et al., 1990). The immunocompromised are another sensitive subpopulation for
adenoviruses (Hierholzer, 1992). Adenovirus infection can be present in the
immunocompromised as a disseminated disease, affecting many different parts of the body.
Adenoviruses can cause respiratory tract infection, pharyngitis, conjunctivitis, cystitis,
gastroenteritis and other effects (Foy, 1997). Other serious health effects include Reyes
Syndrome (Edwards et al., 1985) and myocarditis (Pauschinger et al., 1999). Adenoviruses have
also been associated with weight gain in animals (Dhurandhar et al., 2000).
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Analytical Methods
No standardized and validated method exists for detecting adenoviruses in water.
Adenoviruses grow in tissue culture cells, although the enteric adenoviruses, types 40 and 41,
require different cell lines from the other adenovirus types. Adenoviruses grow slowly and may
be overgrown by other viruses in mixed samples (Hurst et al., 1988). A variety of molecular
techniques involving PCR amplification have been used for detection and identification of
adenoviruses (Chaperon et al., 2000; Jiang et al., 2001; Loge et al., 2002).
Occurrence and Exposure
Adenoviruses are among the most commonly detected virus types in environmental
waters (Chaperon et al., 2000). Adenovirus infection by exposure to recreational water is well
documented (D’Angelo et al., 1979; Turner et al., 1987; Papapetropoulou and Vantarakis, 1998).
However, no cases of infection via drinking water have been reported. In some cases,
researchers have observed seasonal variation in the frequency of diseases caused by
adenoviruses (Krikelis et al., 1985; Tani et al., 1995). Adenoviruses appear to survive better in
some water types than other viruses. Researchers have speculated that the greater longevity of
adenoviruses in water may be due to their reliance on DNA, which is more stable than
ribonucleic acid (RNA) (Enriquez et al., 1995).
Water Treatment
Adenoviruses can be controlled by chlorine disinfection in laboratory studies (Gerba,
2003a). Aggregation of virus and adherence to particles can reduce the effectiveness of chlorine
disinfection (Payment et al., 1985). Adenoviruses are much more resistant to ultraviolet (UV)
irradiation than other viruses (Gerba et al., 2003a).
14.2.6 Caliciviruses
Characteristics
Caliciviruses are viruses that belong to the family Caliciviridae. The first documented
outbreak of Norwalk virus, the best-known of the caliciviruses, occurred in Norwalk, Ohio in
1968 (Adler and Zicki, 1969). The Norwalk virus and related strains, known collectively as
noroviruses, present a potential health risk in drinking water in the United States. The
noroviruses are single-stranded RNA viruses (Jiang et al., 1990). They are about 25 to 35 nm in
diameter. Noroviruses occur in feces and have caused many waterborne disease outbreaks.
Health Effects
Human caliciviruses, including noroviruses, cause a self-limiting gasteroenteritis which
usually lasts 24 to 48 hours. Symptoms include vomiting, abdominal cramps, and diarrhea
(MMWR, 1990).
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Analytical Methods
No cell culture method for noroviruses exists (Atmar and Estes, 2001). Thus, viable
noroviruses can’t be enumerated in water or in treatment studies. Molecular detection methods
are available, but no molecular method has yet been standardized for detection of noroviruses in
water.
Occurrence
Occurrence information for noroviruses in water is limited due to the inadequacies of
analytical methods. Nonetheless, noroviruses have been linked to many waterborne disease
outbreaks in the U.S. (Kaplan et al., 1982; Parshionikar et al. 2003). They have been detected in
sewage effluent (Lodder et al., 1999) and in ambient water (Griffin et al., 1999).
Water Treatment
Studies of the susceptibility of human caliciviruses to water treatment are limited by the
lack of culture methods for detecting viable viruses. Nevertheless, Shin et al. (1998) determined
that Norwalk virus was much less resistant to chlorine inactivation than poliovirus, and was
inactivated about as rapidly as MS2 bacteriophage. The small size of noroviruses may make
them difficult to remove by filtration, unless they are aggregated with larger particles.
14.2.7 Echoviruses and Coxsackieviruses
Characteristics
Echoviruses and coxsackieviruses are single-stranded RNA viruses that are between 27
and 30 nm in diameter. Both viruses belong to the genus Enterovirus. Echoviruses were first
isolated from cell cultures in the late 1940s. Coxsackieviruses were first isolated from patients
with polio-like symptoms in Coxsackie, New York in 1948. There are at least 31 human
echoviruses and 29 human coxsackieviruses. These viruses are transmitted through the fecaloral route.
Health Effects
Coxsackieviruses and echoviruses first infect the intestinal tract, with or without
symptoms (Modlin, 1986; Minor, 1998). After entering the blood stream, different serotypes of
the viruses can infect most other organ systems. They may cause febrile illness, aseptic
meningitis, respiratory disease, encephalitis, paralytic disease, and other effects (Melnick, 1997).
Some serotypes can cause myocarditis (Martino et al., 1995). Others are suspected of causing
diabetes (Bantvala et al. 1985; Craighead, 1975; Notkins, 1977). Echovirus and coxsackievirus
infections are among the most common viral infections of humans in the United States (CDC,
1997).
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Analytical Methods
The Information Collection Rule (ICR) method is a standardized and validated method
for the detection of culturable echoviruses and coxsackieviruses. However, the ICR method
does not differentiate virus types. A PCR-based method can be used to differentiate
coxsackieviruses and echoviruses detected in water (Vivier et al. 2001). However, this method
does not necessarily indicate which viruses are infective. A hybrid method, the integrated cell
culture/PCR-based method described by Reynolds et al. (2001), demonstrates viability through
cell culture, but also gives PCR detection.
Occurrence
Coxsackieviruses and echoviruses are shed in feces and occur in sewage and
contaminated waters. These viruses have been detected in ambient water (Vivier et al., 2001),
ground water (Powell et al., 2003), and drinking water (Vivier et al. 2004). Waterborne
outbreaks of disease caused by enteroviruses are not common, but have been documented
(Hejkal et al. 1982).
Water Treatment
Hurst (1991) reported that physical water treatment with disinfection was effective in
removing enteroviruses. Studies by Sobsey et al. (1988), Englebrecht et al. (1980), Payment et
al. (1985), and others suggest that both echoviruses and coxsackieviruses are susceptible to
chlorine disinfection. Nonetheless, culturable enteroviruses have been detected in treated water
(Vivier et al., 2004). Also, questions remain about the effectiveness of disinfection against
particle-bound viruses, since the particles can afford some protection for viruses (Hejkal et al.,
1981).
14.2.8 Human Microsporidia: Enterocytozoon bieneusi and Encephalitozoon (formerly
Septata) intestinalis
Characteristics
Microsporidia were first recognized as a distinct group of microorganisms in 1882
(Wittner, 1999). Microsporidia were first reported as human pathogens in 1959 (Matsubayashi
et al., 1959), and since 1985 they have emerged as pathogens of concern in
immunocompromised patients (Desporte et al., 1985). The two species of greatest concern for
the immunocompromized are Enterocytozoon bieneusi and Encephalitozoon intestinalis.
Microsporidia have an environmentally resistant stage, the spore, which gets its survival
characteristics from its impervious spore wall. The spore is the infectious stage for new hosts.
The spores of the human microsporidia species of concern are very small, in the range of 1 to 3
µm, as compared to Cryptosporidium spp. oocysts, which are 4 to 6 µm (Franzen and Müeller,
1999).
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Health Effects
Microsporidiosis primarily affects individuals who are immunocompromised, especially
those infected with HIV (Bryan, 1995). Weiss and Keohane (1997) estimated that as many as
50% of individuals infected with HIV suffer from microsporidiosis. However, Kotler and
Orenstein (1999) find that the recent success of HIV-control drugs in boosting immune function
has greatly reduced the incidence of microsporidiosis in HIV-infected patients.
In the immunocompromised, microsporidia infect the gastrointestinal tract, causing
diarrhea (Hutin et al., 1998). They may also become disseminated throughout the body in these
patients, causing a variety of adverse health effects (Orenstein et al., 1997). Microsporidiosis
appears to be uncommon in the immunocompetent. When it does occur, the most common effect
in the immunocompetent appears to be a self-limiting diarrhea (Bryan et al., 1997). Cases of
traveler’s diarrhea have been attributed to microsporidiosis (Fournier et al., 1998; Sobottka et
al., 1995).
Analytical Methods
There is no standardized and validated method for detecting human microsporidia in
environmental waters or drinking water. Research methods have been used to detect
microsporidia in surface waters (Sparfel et al., 1997; Fournier et al., 2000) and ground waters
(Dowd et al., 1998). However, these methods have limitations. Methods involving water
concentration, as described for example by Sparfel et al. (1997) and Borchardt and Spencer
(2002), are not widely available. Due to the small size and lack of internal structure of
microsporidia, direct microscopic detection is not a viable option. Methods that have been used
in various microsporidia studies include PCR (Sorel et al., 2003), real-time PCR (Menotti et al.
2003), and FISH (Hester et al., 2000). Development of analytical methods for E. bieneusi is
hindered by the lack of a culture method capable of producing spores in sufficient quantities for
testing. A culture method is available for Encephalitozoon species (Bouladoux et al., 2003).
Occurrence and Exposure
Due to the fecal and urinary mode of shedding of microsporidian spores (Orenstein et al.,
1992), waterborne transmission is possible. The spores of microsporidia can survive for weeks
or months, and some can also survive drying (Kramer, 1970; Maddox, 1973; Undeen et al.,
1993). E. bieneusi and E. intestinalis species have been detected in sewage (Franzen and
Müeller, 1999), surface water (Sparfel et al., 1997), ground water (Dowd et al., 1998), and
irrigation water (Thurston et al., 1999). They have not been detected in drinking water. E.
bieneusi and E. intestinalis have been found in a variety of domestic and wild animals (Rinder et
al., 1997). In human hosts, there is no evidence to indicate a seasonality of microsporidiosis
(Conteas et al., 1998).
Water Treatment
Data on the effectiveness of water treatment for controlling E. bieneusi are limited due to
the lack of a culture method for this organism. Since Encephalitozoon species are culturable,
their susceptibility to treatment has been studied. In a model treatment plant, conventional
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physical treatment provided 2.47 log removal of E. intestinalis (Gerba et al., 2003b). E.
intestinalis is somewhat resistant to chlorine, but can nonetheless be controlled (Wolk et al.,
2000). E. intestinalis is also susceptible to UV radiation and ozone (Naumovitz et al., 1998).

14.3 On-Going Research Activities at EPA to Overcome Data Gaps for the CCL 2
Microorganisms
EPA supports an active research program on the CCL 2 microorganisms to fill
information gaps. For the design of treatment studies on the CCL viruses or surrogates, EPA
emphasizes the need to conduct tests under realistic conditions, e.g., conditions where viruses
might be protected by aggregating or adhering to particles. EPA believes it is important to
conduct virus removal/inactivation studies in drinking water treatment plants or pilot plants.
EPA is also pursuing method development for viruses to support these treatment studies.
EPA has completed a one-year UCMR survey of the genus Aeromonas in 292 public
water systems. Researchers are still working on ways to characterize clinical strains and
distinguish them from non-pathogenic strains, and developing methods to detect Aeromonas
virulence factors. Similarly, researchers have conducted drinking water surveys for MAC, but
they are still working on refining analytical methods and characterizing virulence factors.
Methods for H. pylori are under development.
EPA is currently investigating the susceptibility of microsporidian E. intestinalis to
chlorine and chloramine. In addition, EPA is sponsoring methods-related work on fluorescent
gene probes, real-time PCR, concentration methods, and immunomagnetic separation for
microsporidia. As part of ongoing environmental monitoring, researchers recently confirmed the
presence of microsporidia in ground water. Researchers also participated in a workshop to
assess the status of work on microsporidia.
EPA has funded projects on the removal of algal cells and cyanotoxins in a pilot-scale
treatment plant, and on the effect of disinfection on cyanotoxins. EPA has developed analytical
chemistry cyanotoxin standards, and is currently developing analytical methods for potential use
in future monitoring. EPA has conducted several occurrence surveys for cyanotoxins and also a
number of health effects studies. Researchers are currently conducting risk assessments to
determine reference doses for the cyanotoxins. EPA has organized and participated in several
workshops on cyanotoxins to assess the state of the science. EPA is taking steps to establish
infective doses for CCL microbial contaminants through a formal review process.
For further information on these projects, please refer to the EPA’s Office of Ground
Water and Drinking Water Research Information Network (DRINK), found at
www.epa.gov/safewater/drink/intro.html, a publicly accessible, web-based system that tracks
over 1,000 ongoing research projects.
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