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1. INTRODUCTION

In 1991, the U.S. Geological Survey (USGS) im-

and Julia E. Norman?

Federal and state drinking-water standards and guidelines do not exist for many contaminants
analyzed by the U.S. Geological Survey’s National Water-Quality Assessment Program, lim-
iting the ability to evaluate the potential human-health relevance of water-quality findings.
Health-based screening levels (HBSLs) were developed collaboratively to supplement exist-
ing drinking-water standards and guidelines as part of a six-year, multi-agency pilot study.
The pilot study focused on ground water samples collected prior to treatment or blending
in areas of New Jersey where groundwater is the principal source of drinking water. This
article describes how HBSLs were developed and demonstrates the use of HBSLs as a tool
for evaluating water-quality data in a human-health context. HBSLs were calculated using
standard U.S. Environmental Protection Agency (USEPA) methodologies and toxicity in-
formation. New HBSLs were calculated for 12 of 32 contaminants without existing USEPA
drinking-water standards or guidelines, increasing the number of unregulated contaminants
(those without maximum contaminant levels (MCLs)) with human-health benchmarks. Con-
centrations of 70 of the 78 detected contaminants with human-health benchmarks were less
than MCLs or HBSLs, including all 12 contaminants with new HBSLs, suggesting that most
contaminant concentrations were not of potential human-health concern. HBSLs were applied
to a state-scale groundwater data set in this study, but HBSLs also may be applied to regional
and national evaluations of water-quality data. HBSLs fulfill a critical need for federal, state,
and local agencies, water utilities, and others who seek tools for evaluating the occurrence of
contaminants without drinking-water standards or guidelines.

KEY WORDS: HBSL; Health-based screening level; human health; unregulated contaminant; water
quality

fine, describe, and explain, to the extent possible, long-
term trends in water quality.) The NAWQA Program

plemented the National Water-Quality Assessment
(NAWQA) Program to provide a consistent approach
to describe current water-quality conditions for a
large part of the nation’s water resources and to de-
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was not designed to assess the potential safety of the
nation’s water resources for drinking-water use; how-
ever, the USGS is frequently asked by a variety of
stakeholders about the potential human-health rel-
evance of the NAWQA findings. If carefully inter-
preted, NAWQA groundwater data can provide valu-
able information to state agencies, the U.S. Environ-
mental Protection Agency (USEPA), and others in-
terested in drinking-water quality.

To date, NAWQA has assessed groundwater-
quality conditions using two approaches. The first
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approach ranks water-quality conditions among net-
works of groundwater wells within a study area
in relation to conditions at groundwater networks
in other study areas. The second approach com-
pares contaminant concentrations with established
drinking-water standards and guidelines for the pro-
tection of human health.?? The first approach is rel-
ative and provides no information on whether con-
taminant concentrations are of potential concern to
human health, and the second approach is limited
because drinking-water standards and guidelines do
not exist for many of the contaminants analyzed by
NAWQA.® The USGS, therefore, began an intera-
gency pilot study in 1998 with its cooperators, includ-
ing USEPA, to develop an approach for more com-
prehensively evaluating the water-quality findings of
the NAWQA Program in a human-health context.

The two objectives of this pilot study were to (i)
develop health-based screening levels (HBSLs) for
unregulated contaminants, that is, those for which
drinking-water standards have not been established,
using a multi-agency consensus approach,® and (ii)
demonstrate the use of HBSLs as tools for eval-
uating groundwater-quality data in a human-health
context.’) A retrospective analysis of groundwater-
quality data was conducted for areas of New Jersey
where groundwater is the principal source of drink-
ing water. USGS data on the quality of groundwa-
ter in New Jersey have been presented in numerous
publications,®') but these data were evaluated in a
human-health context for the first time in this pilot
study.

In this study, HBSLs were applied to a state-
scale groundwater data set, but HBSLs also may
be applied in local, regional, and national evalua-
tions of water-quality data. For example, the USGS
used HBSLs to assess the occurrence of volatile or-
ganic compounds (VOCs) in the nation’s groundwa-
ter and drinking-water supply wells in the context of
human health.(!>3) HBSLs are also utilized by the
USGS Source Water-Quality Assessment (SWQA)
Program, which characterizes the quality of major
rivers and aquifers used as a source of supply to some
of the largest community drinking-water systems in
the United States.

2. METHODS
2.1. Development of HBSLs

Over a three-year period, the USGS conducted
a pilot study in cooperation with the USEPA, the
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New Jersey Department of Environmental Protec-
tion (NJDEP), and Oregon Health & Science Uni-
versity (OHSU) to develop the HBSL approach for
application to state- and local-scale water-quality as-
sessments. Pilot-study participants considered multi-
ple procedures used by federal agencies for assess-
ing water-quality data in a human-health context. The
consensus decision was to calculate HBSLs for unreg-
ulated contaminants using (i) standard USEPA Of-
fice of Water (OW) methodologies (i.e., equations)
for establishing drinking-water lifetime health advi-
sory (LHA) and risk-specific dose (RSD) values for
the protection of human health(!*1> and (ii) existing
USEPA human-health toxicity information. The pro-
cedures and equations used to calculate the HBSLs
used in this report differ for noncarcinogens, carcino-
gens, and possible carcinogens, and are described in
Toccalino et al.® The USGS and its cooperators are
continuing to refine the HBSL methodology; any re-
visions to the methodology as well as HBSL values
for about 440 unregulated NAWQA analytes, when
available, are posted online.(1%)

HBSLs are defined as estimates of benchmark
concentrations (for noncarcinogens) or concentration
ranges (for carcinogens) of contaminants in water that
(i) may be of potential human-health concern, (ii) can
be used as threshold values against which concentra-
tions of contaminants in ambient water samples can be
compared, and (iii) are consistent with USEPA OW
methodologies for establishing drinking-water LHA
and RSD values.*) For noncarcinogens, the HBSL
represents the contaminant concentration in drink-
ing water that is not expected to cause any adverse
effects over a lifetime of exposure. For carcinogens,
the HBSL range represents the contaminant concen-
tration in drinking water that corresponds to an excess
estimated lifetime cancer risk of 1 chance in 1 million
to 1 chance in ten thousand. HBSL calculations adopt
USEPA assumptions for establishing drinking-water
guidelines, namely, lifetime ingestion of 2 L of water
per day by a 70-kg adult. For noncarcinogens, it also
is assumed that 20% of the total contaminant expo-
sure comes from drinking-water sources and that 80%
comes from other sources (e.g., food and air).(?)

Because HBSLs are calculated using standard
USEPA methodologies, they are typically equivalent
to existing LHA and RSD values, except for contami-
nants for which more recent USEPA human-health
cancer classifications or toxicity information have
become available. HBSLs, therefore, provide a mech-
anism for the incorporation of updated toxicity infor-
mation for the interpretation of water-quality data.
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HBSLs are not regulatory drinking-water standards
and are not legally enforceable values.

2.2. Description of Study Area

The groundwater data described in this pilot study
were collected as part of the USGS’s NAWQA Pro-
gram in New Jersey, with the exception of data from
three samples that were collected in New York State.
The study area included some of the most heavily
urbanized and populated areas in the United States
and was comprised of three groundwater sampling
regions: the Kirkwood-Cohansey aquifer system in
southern New Jersey, which consists of unconsoli-
dated sedimentary deposits (sands and gravels),®
and two aquifers in the New England and Pied-
mont Physiographic Provinces in northern New Jer-
sey, which consist of fractured bedrock.” All three
aquifers are vulnerable to contamination introduced
at or near the land surface.®~11

A total of 220 groundwater samples, one sam-
ple per well, were collected prior to any treatment
or blending from three different well types during
1996-1998. Public-supply well (30) and monitoring-
well (108) samples were collected from the Kirkwood-
Cohansey aquifer system; domestic wells (82) were
sampled in all three aquifer systems. Protocols and
procedures used for sample collection are described
in Koterba and others.(!”)

2.3. Analytical Considerations for Using
Groundwater-Quality Data

Groundwater samples were analyzed for 97 pes-
ticides and 85 VOCs using USGS’s National Water-
Quality Laboratory (NWQL) methods.(!-2) The
NWOQL reports nondetections as less than (<) the
minimum reporting level (MRL) and assigns E codes
to estimated concentrations of confirmed detections
of pesticides and VOCs that are less than the MRL.(?!)
All estimated concentrations were included in the
calculation of detection frequencies in this article.

2.4. Application of HBSLs in the New Jersey
Pilot Study

Three general steps were followed in this
screening-level assessment for evaluating ground-
water-quality data from New Jersey in a human-health
context:(®)

I. Concentrations of regulated contaminants
(contaminants that have federal or state drinking-
water standards) were compared with USEPA and
New Jersey State maximum contaminant levels
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(MCLs) and concentrations of unregulated contami-
nants were compared with HBSLs, in accordance with
the consensus HBSL approach for local and state-
scale water-quality assessments.*)

II. Contaminants of potential human-health con-
cern were identified by calculating benchmark quo-
tients (BQs) for individual pesticides and VOCs. BQ
values are ratios of the contaminant concentrations
to their respective USEPA or New Jersey MCLs (for
regulated contaminants) or HBSLs (for unregulated
contaminants). For regulated contaminants with New
Jersey MCLs but no USEPA MCLs, the BQ values
were calculated using New Jersey MCLs. Maximum
BQ (BQmax) values were calculated for each detected
contaminant (with an MCL or HBSL) in each well
type, where the BQn,x value represents the maximum
concentration of a contaminant in a given well type
divided by the contaminant’s MCL or HBSL. All BQ
values were rounded to one significant figure.

Contaminants of potential human-health concern
were defined as pesticides and VOCs with maximum
concentrations greater than or equal to MCLs or HB-
SLs (that is, BQOmax > 1) in any well type. Because
comparisons between maximum concentrations and
human-health benchmarks (BQy.x) may be conser-
vative and represent a worst-case scenario, the distri-
butions of all detections of frequently detected con-
taminants with BQpax > 1 also were examined (see
Section 3.2). In addition to contaminants with BQax
> 1, contaminants with concentrations less than, but
within a factor of 10 of, MCLs or HBSLs (that is, 1
> BQmax > 0.1) also were identified as contaminants
that may warrant additional monitoring to analyze
trends in occurrence. The selection of 0.1 as the BQ
threshold for identifying contaminants that warrant
further monitoring is consistent with various state and
USEPA practices (e.g., see Reference 22).

III. The occurrence of the contaminants with
BQmax > 1 was interpreted in a human-health con-
text by considering five primary factors:

¢ The magnitude of BQ values is important be-
cause contaminants with higher BQp,.x val-
ues may have more human-health importance
than contaminants with lower BQ.x values.

¢ Frequently detected contaminants are of more
interest than infrequently detected contami-
nants. Frequently detected contaminants were
defined as contaminants occurring in at least
10% of samples from any given well type,
which is consistent with other USGS New Jer-
sey publications(') and with USEPA human-
health risk assessment guidance.>)



1342

¢ The MRL must be less than the human-health
benchmark (MCL or HBSL) to ensure that the
analytical methods are adequate to detect con-
centrations relevant to human health.

e Well type provides information about the
potential for human exposure to contami-
nants through drinking-water consumption.
Groundwater from domestic wells may be con-
sumed with little or no treatment; however, it
is used by smaller numbers of people (typi-
cally one family per well) than groundwater
from public-supply wells (typically thousands
of people per well). Groundwater from public-
supply wells may be treated before it is con-
sumed, potentially reducing contaminant con-
centrations. Groundwater data from monitor-
ing wells are not directly relevant to human
health because this water is not consumed,
but contamination in monitoring wells can be
both a contributor to, and a predictor of, fu-
ture contamination in deeper aquifers used for
drinking-water supplies.

¢ Contaminant sources and physicochemical
properties provide information about contam-
inant fate (e.g., persistence) and transport (e.g.,
mobility), which helps assess potential human
exposure.
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3. RESULTS AND DISCUSSION

Ninety-eight contaminants were detected in sam-
ples from one or more wells. The numbers of pesti-
cides and VOC:s that were analyzed for and detected
in the public-supply wells, domestic wells, and mon-
itoring wells in the study area are summarized in
Table 1.

3.1. HBSLs Expand Human-Health Context
for NAWQA Findings

Of the 98 detected contaminants, 42 are regu-
lated contaminants, and 56 are unregulated contami-
nants. At present, USEPA drinking-water guidelines
(LHASs or RSDs) do not exist for 32 of these 56 unreg-
ulated contaminants. New HBSLs were calculated for
12 of these 32 unregulated contaminants, increasing
the number of unregulated contaminants with human-
health benchmarks from 24 to 36 out of 56 (Table I).
HBSLs thereby provided a basis for a more compre-
hensive evaluation of contaminant-occurrence data
in a human-health context than can be achieved us-
ing USEPA benchmarks alone. HBSLs also were
calculated for two unregulated contaminants that
have USEPA LHAs (carbaryl and diuron) using up-
dated cancer classifications and toxicity information

Table I. Numbers of (1) Pesticides and VOCs Analyzed for and Detected in Groundwater Samples and (2) Detected Unregulated
Contaminants with Human-Health Benchmarks in Groundwater Samples from the New Jersey Study

Number of Contaminants

All Contaminants

Detected Contaminants

Detected, Unregulated
Contaminants with
Human-Health Benchmarks

Before HBSL After HBSL

Well Type Analyzed Detected Regulated Unregulated Calculations! Calculations
Pesticides

Public supply 47 15 4 11 8 10

Domestic 85 21 7 14 9 12

Monitoring 97 30 8 22 17 21

All well types 97 38 12 26 17 24
VOCs

Public supply 85 38 24 14 4 6

Domestic 85 47 27 20 4 9

Monitoring 85 45 24 21 5 9

All well types 85 60 30 30 7 12

'Human-health benchmarks before HBSL calculations are lifetime health advisory values from U.S. Environmental Protection Agency
(USEPA) Office of Water and risk-specific dose values from either USEPA’s Office of Water or their Integrated Risk Information System

database.

HBSL, health-based screening level; VOC, volatile organic compound.
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published by the USEPA’s Office of Pesticide Pro-
grams. HBSLs were not calculated for the remain-
ing 20 detected unregulated contaminants because the
USEPA human-health toxicity information needed to
calculate HBSLs (i.e., reference dose or cancer slope
factor values) was not available; the potential human-
health effects of these contaminants cannot, there-
fore, be evaluated at this time on a comparable basis.

3.2. Comparing Concentrations with Benchmarks
and Identifying Contaminants of Potential
Human-Health Concern

Most detected contaminants with human-health
benchmarks (33 of 36 pesticides and 37 of 42 VOCs)
were detected at concentrations less than MCLs and
HBSLs (BQmax < 1), including all 12 contaminants
with new HBSLs (Fig. 1). Indeed, more than half (41
of 70) of these contaminants with MCLs or HBSLs
had a BQp,x < 0.01 (i.e., more than 100-fold less than
MCLs or HBSLs). Ingesting water with concentra-
tions less than human-health benchmarks is unlikely
to result in adverse human-health effects, even if wa-
ter with such concentrations were to be ingested over
a lifetime.(1%)
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Seven contaminants (three pesticides and four
VOCs) were identified as being of potential human-
health concern because they had concentrations
greater than or equal to MCLs or HBSLs (BQpax
range, 1-3,000) in at least one sample (Table IT). When
the magnitude of the BQ values, detection frequency,
and well type and use of water were evaluated to-
gether, there were two patterns of occurrence for
these seven contaminants.

In the first pattern, four contaminants—dieldrin,
perchloroethene (PCE), trichloroethene (TCE), and
ethylene dibromide (EDB)—were measured at con-
centrations greater than or equal to MCLs or HBSLs
and were frequently detected in at least one type of
drinking-water well (public-supply and (or) domestic
wells). The number of individual detections of these
contaminants with BQ values > 1, by well type, was
10 in public-supply wells, 4 in domestic wells, and
19 in monitoring wells (Fig. 2). In the second pat-
tern, three contaminants—dinoseb, dibromochloro-
propane, and diuron—were measured at concentra-
tions greater than or equal to MCLs or HBSLs in
monitoring and (or) domestic wells, but were infre-
quently detected (<10% of samples) in any type of
well.
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Fig. 1. Detection frequencies and BQmax g
values for unregulated pesticides and ?, & &
VOCs with new HBSLs (those without 3 2t ,;54 qf@
existing U.S. Environmental Protection .\5 ®
Agency drinking-water standards or 5 :
guidelines) detected in any well type in w1t 1wt
the New Jersey pilot study. Data points
correspond to the BQmax (and
corresponding detection frequency) from
any of the three well types. EXPLANATION

—  BOmax=1
BCQmax = 0.1
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d
10t 10° 107 10" 10° 10! August 2004; updated HBSL
values, when available, are
Iocated on the HBSL website "™

Detecton frequency = 10%
® Pesticides and WVOCs with new HBSLs

1,1,2-TCFA, 1,1,2-trichloro-1,22-trifluoroethane; BQmax, maximum benchmark quotient = ratio of maximum-detected
concentration to human-health benchmark value; EPTC, 5-ethyl dipropylthiocarbamate; HBSL, health-based screening
level; VOC, volatile organic compound.
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tection Agency.

Fig. 2. Distributions of benchmark quotient values and detection
frequencies, by well type, for four contaminants detected at concen-
trations greater than or equal to their human-health benchmarks
and frequently detected in at least one well type in the New Jersey
study.

3.3. Interpreting the Occurrence of Contaminants
of Potential Human-Health Concern

Dieldrin is of particular relevance to human
health because concentrations were greater than or
equal to the low end of the HBSL concentration range
(0.002 pg/L) in 29 of 31 public-supply, domestic, and
monitoring well samples in which it was detected (Ta-
ble II, Fig. 2). In the remaining two samples, dieldrin
concentrations were within a factor of 10 of the HBSL.
Dieldrin concentrations in four monitoring-well sam-
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ples also were greater than the high end of the HBSL
concentration range (0.2 ng/L), which is based on a
10~* cancer risk. Dieldrin is an organochlorine insec-
ticide, which is a highly persistent class of insecticides
used extensively in the United States during the 1950s
to 1960s; dieldrin alsois a degradation product formed
from aldrin. Dieldrin and aldrin are no longer regis-
tered for use in the United States.* Although their
uses were discontinued for agriculture in the early
1970s and for termite control in the late 1980s,(
dieldrin has been frequently detected in public-supply
and monitoring well samples.

PCE concentrations were greater than USEPA’s
MCL (5 ng/L) and New Jersey’s MCL (1 pg/L) in 1 of
30 public-supply well samples, and PCE was detected
at concentrations within a factor of 10 of MCLs in all
well types (Table II, Fig. 2). PCE is less soluble and
more likely to sorb to organic matter in the subsur-
face than other chlorinated contaminants,(!) suggest-
ing that it is not likely to frequently occur in ground-
water. Nonetheless, PCE was frequently detected in
all well types, reflecting its high-volume production
and diverse industrial and commercial uses.(1!:2%)

TCE concentrations were greater than USEPA’s
MCL (5 pg/L) in 1 of 30 public-supply and 1 of 82
domestic well samples, and were greater than New
Jersey’s MCL (1 pg/L) in two public-supply and two
domestic well samples (Fig. 2). TCE also was detected
at concentrations within a factor of 10 of New Jer-
sey’s MCL in all well types (Table II, Fig. 2). TCE
has been produced in large quantities since the 1960s
and has a variety of industrial and commercial uses
as a metal degreaser and industrial solvent.*® TCE is
likely to leach to groundwater because it is highly wa-
ter soluble and has a low soil-sorption coefficient;(!")
indeed, TCE was frequently detected in all well types
(Table 11, Fig. 2).

EDB was detected in 4 of 30 samples from public-
supply wells, but was not detected in samples from any
of the other well types (Table IT). The maximum con-
centration of EDB (0.066 ng/L) in public-supply wells
was greater than USEPA’s and New Jersey’s MCL of
0.05 png/L (Table 11, Fig. 2). The remaining EDB con-
centrations were less than, but within a factor of 10
of, the MCL value. EDB was used historically as an
additive to leaded gasoline and as a turf fumigant,”)
but these uses have declined or been banned.(!!) The
occurrence of EDB exclusively in samples from the
public-supply wells likely reflects historical use pat-
terns, its relatively long aerobic half-life in water
(180 days),®® and the fact that public-supply wells
intercept groundwater from larger contributing areas
than other well types.(!!)



1346

All four frequently detected contaminants with
BQmax > 1 (dieldrin, PCE, TCE, EDB) had MRLs
less than their MCLs or HBSLs, permitting quantita-
tion of these contaminants at concentrations relevant
to human health. The exception was EDB in monitor-
ing well samples, where the MRL for EDB (0.1 ug/L)
was twofold greater than its MCL (0.05 ng/L), result-
ing in the possibility that EDB was present, but not
detected, in some monitoring-well samples at concen-
trations relevant to human health.

3.4. Potential Relevance of Concentrations Greater
than MCLs or HBSLs

Water containing contaminant concentrations
greater than the MCL or HBSL may be of potential
human-health concern if the water were to be ingested
without treatment for many years. The likelihood
for adverse effects generally increases as contami-
nant concentrations (and BQ values) increase.(®) If
water containing contaminant concentrations greater
than MCLs or HBSLs is ingested, it does not nec-
essarily indicate that adverse human-health effects
will occur because (i) these benchmarks are inten-
tionally conservative (protective) and generally incor-
porate safety factors and conservative assumptions
to account for uncertainty in toxicity information,
(ii)) USEPA OW models used to develop MCLs and
HBSLs assume lifetime exposure, whereas actual ex-
posure may be for less than a lifetime, (iii) water from
monitoring wells is not directly consumed, and (iv)
water from some wells may be treated before con-
sumption, potentially reducing concentrations.*) Not
all well types receive treatment (e.g., domestic wells),
however, and the treatment methods may not be de-
signed specifically to remove contaminants of poten-
tial human-health concern.

Identifying VOCs with concentrations less than
or greater than human-health benchmarks provides
useful information about what VOC occurrence may
mean to human health, but screening-level assess-
ments have limitations. For example, there are no
human-health benchmarks for 20 contaminants con-
sidered in this assessment. Additionally, a limitation
of MCLs and HBSLs is that they are generally based
on toxicity information for single chemicals, whereas
findings indicate that contaminants occur as mixtures
in some samples. One or more pesticides were de-
tected in combination with one or more VOCs in
greater than 95% of the samples collected from these
well types.(1”) The long-term cumulative effects of low
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concentrations of multiple contaminants on human
health currently are unknown.

3.5. Additional Monitoring May be Warranted
for 20 Contaminants

Thirteen contaminants (3 pesticides and 10
VOCs) had concentrations less than, but within a fac-
tor of 10 of, MCLs or HBSLs in at least one well
type (Table II). These 13 contaminants, in addition
to the 7 contaminants with concentrations of poten-
tial human-health concern, may warrant additional
monitoring to identify trends in their occurrence and
to provide an early indication of concentrations ap-
proaching human-health benchmarks. Nine of these
13 contaminants were detected in more than 10% of
public-supply or domestic well samples; the remain-
ing four contaminants were not frequently detected
in any well type (Table II).

Additionally, deethylatrazine is noteworthy be-
cause it was frequently detected in all well types (25%
to 42% of the samples), but it has no human-health
benchmarks to use for comparison against detected
concentrations, making deethylatrazine a priority for
toxicity testing and development of human-health
benchmarks. The USEPA Office of Pesticide Pro-
grams Interim Reregistration Eligibility Decision for
atrazine®” indicates that the toxicity of atrazine
and its chlorinated metabolites (including deethy-
latrazine) are considered to be equivalent, but the
HBSL methodology does not currently permit the use
of toxicity data from a parent compound to calculate
an HBSL for a degradation product. Deethylatrazi-
ne forms in the environment from the degradation
of the commonly used herbicides atrazine and pro-
pazine. Of the 20 detected contaminants for which
HBSLs could not be calculated because of a lack of
toxicity information, deethylatrazine is the only con-
taminant that was frequently detected in any well

type.

4. CONCLUSIONS

The overall objective of the HBSL effort is
to more comprehensively evaluate the water-quality
findings of the USGS NAWQA Program in the con-
text of human health. The two specific objectives of
this pilot study were to develop HBSLs for unreg-
ulated contaminants using an interagency consensus
approach and to demonstrate the use of HBSLs as
tools for evaluating groundwater-quality data in a
human-health context.
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The use of HBSLs increased the number of pesti-
cides and VOCs with human-health benchmarks from
24 to 36 out of 56 detected in this study. Because
HBSLs supplement existing USEPA drinking-water
standards and guidelines, they provide a basis for
a more comprehensive evaluation of contaminant-
occurrence data in a human-health context than by
using USEPA benchmarks alone. The 12 detected
contaminants with new HBSLs (but without exist-
ing USEPA drinking-water guideline values) were not
identified as being contaminants of potential human-
health concern because they were detected at concen-
trations ranging from 30- to 12-million-fold less than
HBSLs (BQmax < 0.1) in all three well types (Fig. 1).
Prior to this study and the calculation of HBSLs for
these 12 contaminants, the ability to evaluate the
human-health context of their occurrence on a basis
consistent with USEPA benchmarks was limited. Ten
of the 12 unregulated contaminants with new HBSLs
were detected in public-supply and (or) domestic well
samples, and because these water resources are used
as drinking-water supplies, it is particularly valuable
to explain the occurrence of these contaminants in a
human-health context.

Seven contaminants were found to be of poten-
tial human-health concern in groundwater resources
because concentrations were greater than MCLs or
HBSLs. Four of these contaminants—dieldrin, PCE,
TCE, and EDB—also were frequently detected in
drinking-water supplies. An additional 13 contam-
inants had concentrations within a factor of 10 of
MCLs or HBSLs in at least one type of well. Further
monitoring may be warranted for these 20 contami-
nants to identify trends in their occurrence.

HBSLs were applied to a state-scale ground-
water data set in this study, but HBSLs also may be
applied to regional and national evaluations of water-
quality data. HBSLs can be used as planning tools to
help prioritize contaminants that may merit further
study or monitoring and to provide an early indication
of contaminant concentrations approaching human-
health benchmarks in water resources. HBSLs poten-
tially could aid regulatory priority-setting processes
by identifying unregulated contaminants with concen-
trations greater than human-health benchmarks and
frequently detected unregulated contaminants (such
as deethylatrazine) without available human-health
toxicity information.
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