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ABSTRACT

This report presents tables of data that 
are discussed and interpreted in a companion 
report (Shapiro and others, in press). Data on 
the frequency of detection of halogenated 
volatile organic compounds (VOCs) in 
drinking-water sources were compiled from 
archived chromatograms from samples 
analyzed originally for chlorofluorocarbons 
(CFCs) by purge-and-trap gas chromatog- 
raphy with an electron-capture detector. CFC 
concentrations and VOC peaks, including 
trace (Jetections, are reported from samples of 
raw, untreated, drinking water from 413 
ground-water wells or springs in 19 states. 
The samples were collected and then analyzed 
in the U.S. Geological Survey CFC 
Laboratory from 1997 through 2000. The 
subset of data used in this investigation is 
internally consistent with respect to sampling 
and analysis. Modeled piston-flow ground- 
water residence times are assigned to each 
sample based on dichlorodifluoromethane 
concentrations. The data can be used to help 
evaluate the impact of anthropogenic activity 
on drinking water from ground-water sources 
in the U.S.

INTRODUCTION

Recent surveys have focused on 
characterizing the extent of volatile organic

compound (VOC) contamination in ground 
water (Westrick, 1990; Bender and others, 
1999; Moran and others, 1999; Squillace and 
others, 1999; Lapham and others, 2000; Rowe 
and others, 2001; Zogorski and others, 2001; 
Shapiro and others, 2002; Moran and others, 
2002; Squillace and others, 2002; Stackelberg 
and others, 2000). Shapiro and others (2002) 
showed that the percentage of drinking-water 
sites containing at least trace concentrations of 
one VOC was significantly larger than 
previously recognized when the detection 
limit is reduced (Mlay 1990; Squillace and 
others, 1999; Squillace and others, 2002). 
Shapiro and others (in press) evaluated the 
occurrence of selected halogenated VOCs at a 
detection limit of 10"6 jig/L in water samples 
taken from community-, non-comrminity- 
(such as restaurants), and domestic-supply 
wells throughout the U.S. In addition, Shapiro 
and others (in press) used modeled piston- 
flow ground-water residence times, 
determined from concentrations of dichloro 
difluoromethane (CFC-12), to assess historical 
trends in the detection frequency and the 
magnitude of VOC concentrations for all the 
VOCs combined, and for selected VOCs, such 
as carbon tetrachloride (CCU), chloroform, 
and tetrachloroethene (PCE).

The purpose of this report is to present 
data that are discussed and interpreted in a 
companion report (Shapiro and others, in 
press). The data presented in this report are
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internally consistent with respect to sampling 
and analysis and are not affected by the 
analytical complications that affected the data 
in Shapiro and others (2002). The samples 
were all analyzed on the same instrument, 
with analysis times of 18 minutes or greater, 
and when instrument conditions remained 
relatively stable (see the discussion of 
laboratory conditions in Shapiro and others, 
2002). In addition, the data set in this report 
includes trace VOC peaks and modeled 
piston-flow ground-water recharge years for 
each sample based on dichlorodifluoro- 
methane (CFC-12) concentrations that were 
not included in Shapiro and others (2002).

APPROACH

The data compiled by Shapiro and 
others (2002) were obtained from archived 
chromatograms that were originally used to 
measure concentrations of CFC-12, 
trichloromonofluoromethane (CFC-11), and 
1,1,2-trichloro-1,2,2-trifluoroethane (CFC- 
113) in water samples by purge-and-trap gas 
chromatography with an electron capture 
detector (GC-ECD). These analyses were 
performed in the United States Geological 
Survey (USGS) Chlorofluorocarbon (CFC) 
Laboratory, in Reston, VA. The analytical 
detection limit for CFCs is somewhat variable 
depending on laboratory and sample 
conditions, but was in the range of 0.3 to 1.0

11
picograms per kilogram of water (0.3x 10" to 
l.OxlO"12 grams per kilogram, or 0.3 to 1.0 
parts per quadrillion). The CFC concentrations 
can be converted to atmospheric partial 
pressures using Henry's Law and can be 
related to historic atmospheric concentrations 
of CFCs to estimate the apparent year a water 
sample was recharged to a ground-water-flow 
system (Busenberg and Plummer, 1992; 
Plummer and Friedman, 1999; Plummer and 
Busenberg, 2000; http://water.usgs.gov/lab/cfc 
(accessed on July 31, 2003)).

Because of the sensitivity of the 
GC-ECD to halogenated VOCs (such as 
CFC-11, CFC-12 and CFC-113), the archived 
chromatograms from the USGS CFC 
Laboratory include information on the 
occurrence of a variety of other halogenated 
VOCs (such as CCU, chloroform, and PCE) 
that can be used to assess the occurrence of 
VOCs in ground water (Shapiro and others, 
2002). It is difficult to specify that a given 
peak appearing on a CFC chromatogram is a 
particular compound due to the lack of 
standards used in the CFC Laboratory for 
specific VOCs other than the CFCs and to 
variations in the conditions of the instrument 
over time. However, certain VOCs that 
routinely appear on the chromatograms have 
been identified on the basis of a limited 
number of VOC standards used periodically 
(Shapiro and others, 2002). The exact 
concentration of these VOCs cannot be 
ascertained from the archived chromatograms 
because the standards were not routinely 
utilized for VOCs other than CFC-11, CFC-12 
and CFC-113. Nevertheless, the peak areas 
associated with the elution times of other 
VOCs on the chromatograms can be classified 
qualitatively to assess a range in the 
concentrations between the lower detection 
limit of parts per quadrillion and the upper

 5

detection limit of parts per billion (10" Jig/L). 
The exact range will depend on the specific 
VOC under consideration (see Shapiro and 
others, 2002 for a more detailed discussion). 
The USGS CFC Laboratory does not accept 
samples from wells that have known 
contamination with VOCs, because such 
samples saturate the GC-ECD system and 
disrupt the measurements of CFCs. 
Therefore, the archived chromatograms from 
the USGS CFC Laboratory did not include 
many samples with maximum contaminant 
level (MCL) violations, and the drinking- 
water samples used in this survey have not 
been impacted by known accidental releases 
of VOCs to the ground water.
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In Shapiro and others (2002), peak 
areas on the GC-ECD ehromatograms were 
classified as 'S' (small), 'M' (medium), and 
'L' (large), corresponding to peak areas of 
100,000-499,999 counts, 500,000-999,999 
counts, and 1,000,000 or more counts, 
respectively. In this report, the additional 
classification of 'VS' (very small) is also 
included for peak areas on the archived 
GC-ECD chromatogram of less than 100,000 
counts. Such peaks are discernible on the 
archived ehromatograms and routinely used to 
evaluate concentrations in water in parts per 
quadrillion of CFC-11, CFC-12 and CFC-113. 
The addition of the 'VS' peaks in this 
investigation was necessary for additional 
interpretation of atmospheric inputs of VOCs 
to ground water as discussed in Shapiro and 
others (in press).

This report uses a subset of the data 
compiled by Shapiro et al. (2002) consisting 
of analyses of samples from 413 ground-water 
wells or springs that were a source of 
untreated drinking water. The water samples 
were collected from community-, non- 
community- (such as restaurants), and 
domestic-supply wells throughout the U.S. 
from 1997 through 2000, using metal 
discharge tubing, and were fused in 
borosilicate ampoules without contacting air 
(Busenberg and Plummer, 1992). The samples 
were all analyzed on the same instrument, 
with analysis times of 18 minutes or greater, 
and when instrument conditions remained 
relatively stable (see the discussion of 
laboratory conditions in Shapiro and others, 
2002). The data presented in this report, and 
interpreted in Shapiro and others (in press), 
are internally consistent and are not affected 
by the analytical complications that affected 
the data in Shapiro and others (2002). In 
addition, the data set in this report includes the 
'VS' VOC peaks discussed above, and 
modeled piston-flow ground-water recharge 
years for each sample based on dichloro- 
difluoromethane (CFC-12) concentrations.

Concentrations of CFC-12 were used in this 
investigation to estimate the modeled recharge 
year because CFC-12 appears to the most 
stable of the three CFC tracers used in dating 
water (Busenberg and Plummer, 1992; 
Plummer and Friedman, 1999; Plummer and 
Busenberg, 2000; http://water.usgs.gov/lab/cfc 
(accessed on July 31, 2003)).

DATA ON VOC DETECTIONS

Field information for the 413 ground- 
water sites is presented in Table 1. This 
information has been published previously as 
part of the larger data set included in Shapiro 
and others (2002). The data are republished 
here, but limited to only those sites included in 
the companion report (Shapiro and others, in 
press). Information presented for each site 
includes, where available, state location, depth 
of well, length of open interval, land-surface 
elevation, water temperature, ground-water 
use, local land use, geochemical conditions 
during sampling, hydrologic conditions, 
sampling method and field conditions, 
materials that contacted the sample, and other 
ancillary data. Not all information was 
available for each site. Categories such as 
ground-water use, local land use, geochemical 
conditions during sampling, hydrologic 
conditions, sampling method, field conditions, 
and materials that contacted the sample were 
populated using codes developed by the 
USGS Chlorofluorocarbon Laboratory to aid 
in the interpretation of CFC concentrations. 
These codes are shown in Table 2. The 
counter utilized in Table 1 is the same as that 
used in Shapiro and others (2002). Table 3 
includes CFC and VOC data, including CFC- 
11, CFC-12, and CFC-113 concentrations and 
peak areas, CFC-12 modeled recharge years, 
and the elution times and peak areas for each 
VOC peak detected. The same counter that is 
utilized in Table 1, and in Shapiro and others 
(2002), is also used in Table 3.

DATA ON VOC DETECTIONS
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