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PREFACE

Section 1412 (b)(3)(A) of the Safe Drinking Water Act, as amended in 1986, requires
the Administrator of the U.S. Environmental Protection Agency to publish maximum
contaminant level goals (MCLGs) and promuigate National Primary Drinking Water
Regulations for each contaminant, which, in the judgment of the Administrator, may have
an adverse effect on public health and that is known or anticipated to occur in public
water systems. The MCLG is nonenforceable and is set at a level at which no known or
anticipated adverse heaith effects in humans occur and that allows for an adequate
margin of safety. Factors considered in setting the MCLG include health effects data and
sources of exposure other than drinking water.

This document provides the health effects basis to be considered in establishing the
MCLG. To achieve this objective, data on toxicokinetics and acute, subchronic and
chronic toxicity to animals and humans are evaluated. Specific emphasis is placed on
data published in peer-reviewed literature providing dose-response information. Thus,
while the literature search and evaluation performed in the development of this document
have been comprehensive, only the reports considered most pertinent in the derivation
of the MCLG are cited in the document. The comprehensive literature data base in
support of this document includes information published up to 1992; however, more
recent data may have been added during the review process.

. When adequate health effects data exist, Health Advisory (HA) values for less-than-
lifetime exposures (1-day, 10-day and longer-term, i.e., ~10% of an individual's lifetime)
are included in this document. These values are not used in setting the MCLG, but serve
as informal guidance to municipalities and other organizations when emergency spills or
contamination situations occur. With adequate data, a Reference Dose (RfD) is derived
to be utilized in the derivation of a Drinking Water Equivalent Level (DWEL) on which the
MCLG is based. Also provided is the U.S. EPA's determination of the contaminant's
carcinogenic potential. When the contaminant has been determined to be a probable or
possible human carcinogen, the estimated excess cancer risk associated with ingestion
of contaminated water is included.

This document was prepared for the Office of Water by the Office of Health and
Environmental Assessment (Environmental Criteria and Assessment Office, Cincinnati,
Ohio) to provide the scientific support for the human health-based risk assessment used
in the determination of the drinking water MCLG. For more information, contact the
Human Risk Assessment Branch of the Office of Water at (202)260-7571.
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LIST OF ABBREVIATIONS

AST Aspartate aminotransferase
AUC Area under curve
-BUN Blood urea nitrogen
CAS Chemical Abstract Service
CNS Central nervous system
DWEL Drinking water equivalent level
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HA Health advisory -
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INTRODUCTIOﬁ
BACKGROUND
The quantification of toxicologic effects of a chemical consists of separate
assessments of noncarcinogenic and carcinogenic health effects. Chemicals that do not
produce carcinogenic effects are believed to have a threshold dose below which no
adverse, noncarcinogenic health effects occur, while carcinogens are assumed to act

without a threshold.

In the quantification of noncarcinogenic effects, a Reference Dose (RfD), [formerly
termed the Acceptable Daily Intake (ADI)] is calculated. The RfD is an estimate (with
uncertainty spanning perhaps an order of magnitude) of a daily exposure to the human
population (including sensitive subgroups) that is likely to be without an appreciable risk
of deleterious health effects during a lifetime. The RfD is derived from a no-observed-
adverse-effect level (NOAEL), or lowest-observed-adverse-effect level (LOAEL), identified
from a subchronic or chronic study, and divided by an uncertainty factor(s) times a

modifying factor. The RfD is calculated as follows:

(NOAEL or LOAEL)

= k bW d
[Uncertainty Factor(s) x Modifying Factor] mg/kg bw/day

Selection of the uncertainty factor to be employed in the calculation of the RfD is

based upon professional judgment, while considering the entire data base of toxicologic
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effects for the chemical. In order to ensure that uncertainty factors are selected and
applied in a consistent manner, the U.S. EPA (1993) employs a modification to the

guidelines proposed by the NAS (1977, 1980) as follows:

Standard Uncertainty Factors (UFs)

« Use a 10-fold factor when extrapolating from valid experimental results from
studies using prolonged exposure to average healthy humans. This factor
is intended to account for the variation in sensitivity among the members
of the human population. [10H]

* Use an additional 10-fold factor when extrapolating from valid results of
long-term studies on experimental animals when results of studies of
human exposure are not available or are inadequate. This factor is
intended to account for the uncertainty in extrapolating animal data to the
case of humans. [10A] .

* Use an additional 10-fold factor when extrapolating from less than chronic
results on experimental animails when there are no useful long-term human
data. This factor is intended to account for the uncertainty in extrapolating
from less than chronic NOAELSs to chronic NOAELs. [10S]

+ Use an additional 10-fold factor when deriving an RfD from a LOAEL
instead of a NOAEL. This factor is intended to account for the uncertainty
in extrapolating from LOAELs to NOAELs. [10L])

Modifying Factor (MF)

e Use professional judgment to determine another uncertainty factor (MF)
that is greater than zero and less than or equal to 10. The magnitude of
the MF depends upon the professional assessment of scientific uncer-
tainties of the study and data base not explicitly treated above, e.g., the
completeness of the overall data base and the number of species tested.
The default value for the MF is 1.
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The uncertainty factor used for a specific risk assessment is based principally upon
scientific judgment rather than scientific fact and accounts for possible intra- and
interspecies differences. Additional considerations not incorporated in the NAS/ODW
guidelines for selection of an uncertainty factor inciude the use of a less-than-lifetime

. study for deriving an RfD, the significance of the adverse health effects and the counter-

balancing of beneficial effects.

From the RfD, a Drinking Water Equivalent Level (DWEL) can be calculated. The
'DWEL represents a medium specific (i.e., drinking water) lifetime exposure at which
adverse, noncarcinogenic health effects are not anticipated to occur. The DWEL assumes
100% exposure from drinking water. The DWEL provides the noncarcinogenic health
effects basis for establishing a drinking water standard. For ingestion data, the DWEL is

derived as follows:

DWEL = (RfD) x (Body weight in kg)

L
Drinking Water Volume in L /day g/

Where:
Body weight = assumed to be 70 kg for an adult

Drinking water volume = assumed to be 2 L/day for an adult
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In addition to the RfD and the DWEL, Healtﬁ Advisories (HAs) for exposures of
shorter duration (1»-day, 10-day and longer-term) are determined. The HA values are
used as informal guidance to municipalities and other organizations when emergency
spills or contamination situations occur. The HAs are calculated using an equation similar
to the RfD and DWEL; however, the NOAELs or LOAELs are identified from acute or

subchronic studies. The HAs are derived as follows:

A = (NOAEL or LOAEL) x (bw) _

L
U % (— L/day) 9/

Using the above equation, the following drinking water HAs are developed for

noncarcinogenic effects:

1-day HA for a 10 kg child ingesting 1 L water per day.
10-day HA for a 10 kg child ingesting 1 L water per day.
Longer-term HA for a 10 kg child ingesting 1 L water per day.
Longer-term HA for a 70 kg adult ingesting 2 L water per day.

rPON~

The 1-day HA calculated for a 10 kg child assumes a single acute exposure to the
chemical and is generally derived from a study of <7 days duration. The 10-day HA
assumes a limited exposure period of 1-2 weeks and is Qenerally derived from a study
of <30 days duration. The longer-term HA is derived for both the 10 kg child and a 70

kg adult and assumes an exposure period of ~7 years (or 10% of an individual’s lifetime).
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