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Evaluation of Quality-Assurance/Quality-Control
Data Collected by the U.S. Geological Survey from
Wells and Springs between the Southern Boundary
of the Idaho National Engineering and Environmental
Laboratory and the Hagerman Area, Idaho, 1989
through 1995

By Linda M. Williams and Roy C. Bartholomay, U.S. GEOLOGICAL SURVEY, and Linford J.
Campbell, IDAHO DEPARTMENT OF WATER RESOURCES

Abstract

The U.S. Geological Survey (USGS) and
the Idaho Department of Water Resources, in
cooperation with the U.S. Department of
Energy, collected and analyzed water samples
to monitor the water quali~ of the Snake River
Plain aquifer from the southern boundary of
the Idaho National Engineering and Environ-
mental Laboratory to the Hagerman area,
Idaho. Concurreritly, replicate samples and
blank samples were collected and analyzed as
part of the quality-assurance/quality-control
program. S&ples were analyzed for inorganic
constituent% gross radioactivity and radionu-
clides, organic constituents, and stab]=
G

To evaluate the precision of field and labo-
ratory methods, analytical results of the water-
quality and replicate samples were compared
statistically for equivalence on the basis of the
precision associated with each result. Statisti-
cal comparisons of the data indicated that 95
percent of the results of the replicate pairs
were equivalent. Blank-sample analytical
results indicated that the inorganic blank water
and volatile organic compound blank water
from the USGS National Water Quality Labo-
ratory and the distilled water from the Idaho
Department of Water Resources were suitable
for blanks; blank water horn other sources was

not. Equipment-blank analytical results were
evaluated to determine if a bias had been intro-
duced and possible sources%%as. Most
equipment blanks were analyzed for trace ele-
ments and volatile organic compounds; chloro-
form was found in one equipment blank. Two
of the equipment blanks were prepared after
collection and analyses of the water-quaIily
samples to determine whether contamination
had been introduced during the sampling pro-
cess. Results of one blank indicated that a hose
used to divert water away from pumps and
electrical equipment had contaminated the
samples with some volatile organic com-
pounds. Results of the other equipment blank,
from the apparatus used to filter dissolved
organic carbon samples, indicated that the fil-
tering apparatus did not affect water-quality
samples.

INTRODUCTION

The Idaho National Engineetig and Envi-
ronmental Laboratory (INEEL) includes
approximately 890 mi2 of the eastern Snake
River Plain in southeastern Idaho (figure 1). It
was established in 1949 as the National Reac-
tor Testing Station to reprocess used reactor
fuel elements and to build, test, and operate
prototype nuclear reactors. Later, the name
was changed to the Idaho National Engineer-
ing Laboratory. Today, it is called the INEEL

1
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Figure 1. Location of the study area, between the Idaho National Engineering and
Environmental Laboratory and Hagerman, Idaho.
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and is a center for nuclear-waste technology,
environmental research and remediation, and
development of advanced energy concepts.
Activities at the INEEL have produced aque-
ous radioactive and chemical wastes that have
been discharged into ponds and wells. Before
1984, most of those wastes were injected
directly into the Snake River Plain aquifer
through deep wells. Since 1984, most of the
aqueous wastes have been discharged to
unlined infiltration ponds and many of the
waste constituents have entered the aquifer
after percolation through the unsaturated zone.

The public is concerned about waste-dis-
posal practices at the INEEL and the effects
these practices may have on the water quality
of the Snake River Plain aquifer. In response
to this concern, the U.S. Deparhnent of Energy
(DOE) requested that the U.S. Geological Sur-
vey (USGS) conduct two studies to gain a
greater understanding of the water quality in
the aquifer. The f~st study described a one-
time sampling effort in the eastern part of the
A & B Irrigation District in Minidoka County,
Idaho (M- and Knobel,. 1990). The second
study, which has consisted of three rounds of
sampling for a variety of inorganic constitu-
ents, gross radioactivity and radionuclides,
organic constituents, bacteri~ and stable iso-
topes thus fm, is an ongoing effort in the area
between the southern boundary of the INEEL
and Hagerrnan, Idaho. It is being conducted
with tie Idaho Department of Water Resources
(IDWR) in cooperation with the DOE.

The initial round of sampling for the sec-
ond study involved collecting and analyzing
water-quality samples from 55 sites during
August and September, 1989, which included
26 irrigation wells, 13 domestic wells, 5
springs, 4 stock wells, 3 dairy wells, 2 obser-
vation wells, 1 commercial well, and 1 public-
supply well (Wegner and Campbell, 1991).
The second round of sampling involved col-
lecting and analyzing water samples from 19
of the initial 55 sites in 1990 (l%rtholomay

and others, 1992), another 18 sites in 1991
(13artholomay and others, 1993), and the
remaining 18 sites in 1992 (l%rtholomay and
others, 1994a). The third round involved resa-
mpling the initial 55 sites over the next three-
year period (Mrtholomay and others, 1994b;
and Bartholomay and others, 1995, 1996).
During these three rounds of sampling, repli-
cate samples and source-solution and equip-
ment blank samples also were collected as part
of the quality-assurance/quality-control (QA-
QC) program. Locations of the water-quality
sampling sites in the study area where QA rep-
licate samples were collected from 1989
through 1995 are shown in figure 2.

Purpose and Scope

The @rpose of this report is to evaluate the
QA/QC data collected during 1989-95 during
the three rounds of sampling in the area
between the southern boundary of the INEEL
and Hagerman, Idaho to help assess precision
of and bias introduced by both field and labo-
ratory methods, Analytical results of replicate
pairs of samples were compared statistically
for equivalence. The source-solution and
equipment blank analytical data also were
evaluated.

The laboratories involved in tie project
were the USGS National Water Quality Labo-
ratory (NWQL), Arvad~ Colo.; the Idaho
Department of Health and Welfare Laboratory
(IDHWL), Boise, Idaho; and the Idaho State
Universi~ (ISU) Environmental Monitoring
Laboratory, Pocatello, Idaho. The inorganic-
constituent data included analyses for major
ions, nutrients and cyanide, and trace ele-
ments. The gross radioactivity and radionu-
clide data included analyses for gross alpha
radioactivity, gross beta radioactivity, radon-
222, radium-226, radium-228, uranium, stron-
tium-90, tritiurn, and gamma radiation. Deter-
minations of organic constituents included
dissolved organic carbon (DOC), anionic sur-
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factants as methylene blue active substances
(MBAS), volatile organic compounds
(VOC’S), pesticides, and gross polychlorinated
biphenyls (PCB’S) and naphthalenes (PCN’s).
The following stable-isotope ratios, relative to
a standard, were determined: hydrogen-2/
hydrogen-1, oxygen-18/oxygen-16, carbon-
13/carbon-12, sulfi.Ir-34/sul~-32, and nitiO-

gen-15/nitrogen-14. The laboratories and
respective analyses are listed in table 1.
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QUALITY-ASSURANCE/QUALITY-
CONTROL PRACTICES

The three rounds of sampling, including
site selection, sample containers and preserva-
tives, sample collection, analytical methods
and minimum reporting levels (MRL’ s), inter-
pretation of radiochemical results, and quality
assurance are described in yearly reports
(Wegner and Campbell, 1991; Bartholomay
and others, 1992, 1993, 1994a, 1994b; and
Bartholomay and others, 1995, 1996).

The USGS is committed to collecting
water samples that are as representative of the
sampling site as possible and to reporting reli-
able and reproducible data. Water samples
were collected in accordance with a quality-
assurance plan and field methods for quality-
of-water activities conducted by personnel at
the INEEL Project Office. The plan was final-
ized in June 1989, and revised in March, 1992,
and in 1996 (Mann, 1996). This plan defines
the required procedures and tasks to ensure the

reliability of water-quality data at the INEEL.
A brief description of the procedures and tasks
is included in this report.

A comprehensive description of the qual-
ity-assurance practices at the NWQL is pre-
sented by Friedman and Erdmann (1982) and
Pritt and Raese (1992, 1995), The manual
identifies and documents practices and stan-
dard operating procedures for activities that
affect data quality iiom the tie of receipt of
the samples at the NWQL to the reporting of
results.

Field personnel at the INEEL participate in
the National Field Quality Assurance Tests
administered annually by the USGS (Erdmann
and Thomas, 1985, p. 11O-115). These tests
are used to evaluate performance in making
field measurements for pH, specific conductiv-
ity, and alkalinity.

Part of the QA/QC program, Iiorn 1989
through 1995 consisted of ‘sending QA repli-
cate samples, along with water-quality sam-
ples, and blank samples to the laboratories for
analyses of specific constituents. Identifica-
tion, source, and description of source solution
and equipment blanks are presented in table 2.
Analytical results of replicate pairs of samples
were compared for statistical equivalence; the
analytical results and results of the statistical
comparisons are presented in tables 3 through
12. Analytical results of blank samples are pre-
sented in tables 13 through 20.

Sample Collection and Analytical
Methods

The methods used for sample collection
and analyses of the constituents of interest
generally followed the guidelines established
by the USGS (Goerlitz and Brown, 1972;
Stevens and others, 1975; Thatcher and others,
1977; Wood, 1981; Claasse~ 1982; W.L.
Bradford, USGS written commun., 1985;

5



Table 1. Laboratories and respective analyses for the water-quality samples from selected wells and springs,
eastern Snake River Plain, 1989 through 1995

Laboratory Quantitative analysis

NationalWaterQualityLaboratory Inowanic constituents
dissolvedmajor ions (calci@ magnesi~ sodiq potassium,sulfate,

chloride,fluoride,bromide,and silica)
dissolvednutrients(nitrite,nitriteplus nitrate, ammonia,and

orthophosphate)
dissolvedcyanide
traceelements(dissolvedaluminum,arsenic,barium,beryllium,cadmium,

chromium,hexavalentchromium,cobalt,copper,iron, le@ lithium,
manganese,mercury,molybdenum,nickel,selenium silver, strontium,
vanadium,and zinc, and total chromium)

Orossradioactivityand radionuclides
dissolvedand suspendedgross alpha
dissolvedand suspendedgrossbeta
radon-222
radium-226and radium-228
uranium
strontium-90
tritium
gammaradiation

organic constituents
dissolvedorganiccarbon
anionicsurfactantsas methyleneblue activesubstances,
volatileorganiccompounds
pesticides
grosspolychlorinatedbiphenyls
grosspolychlorinatednaphthalenes

Stable-isotoDeratios
hydrogen-2thydrogen-l,oxygen-18/oxygen-l6, carbon-13/carbon-12,

sulfir-34/sulfw-32, andnitrogen-15/nitrogen-14

IdahoDepartmentof Health and Welfare Inormnic constituents
Laboratory total major ions (calcium,magnesi~ sodium,potassium,sulfate, chloride,

fluoride,and silica)
dissolvedor total trace elements,or both (aluminum,arsenic,barium,

berylliuq cadmium,chromium,cobalt,copper,iron, lead, lithium,
manganese,mercury,molybdernq nickel, selenium,silver,stronti~
vanadium,and zinc)

Onmnicconstituents
volatileorganiccompounds

Idaho State UniversityEnvironmental Grossradioactivityand radionuclides
MonitoringLaboratory grossalpha

grossbeta
strontium-90
titium
gammaradiation

6



Wershaw and others, 1987; Fishrnan and
Friedman, 1989; Faires, 1992; and Fishman,
1993). Water samples analyzed by the IDHWL
were collected in accordance with procedures
described by W. Baker, J. Dodds, and B. Ellis
(IDHWL, written cornmuns., 1991). Water
samples analyzed by the ISU laboratory were
collected in accordance with laboratory
requirements specified by the Director of the
Environmental Monitoring Program at ISU.

Nine of the irrigation wells discharged into
stilling ponds and were sampled near the dis-
charge pipes. The rest of the irrigation wells
and the public-supply well were sampled from
spigots in discharge lines near pumps. Domes-
tic, dairy, and commercial wells were sampled
fi-omspigots closest to pumps. Stock wells
were sampled at water-tank inlet pipes. Obser-
vation wells were sampled at well heads. All
the wells either were pumping on arrival of the
‘sampling team or were started on arrival and,
when possible, pumped long enough to ensure
that pressure tanks and pumping systems were
thoroughly flushed as evidenced by stable pH,
specific conductance, and temperature mea-
surements. The five springs were sampled as
near the sources as possible by collecting a
grab sample from an area of moving water.

Chemical and physical characteristics mea-
sured at the sampling sites during all three
sampling rounds included pH, specific con-
ductance, and water temperature. Alkalini&
and dissolved-oxygen determinations were
added in rounds two and three. After collec-
tion, and preservation when required, the sam-
ples were sealed with laboratory film.
Containers were labeled at each location to
avoid sample mix-up. Samples collected for
analyses by the NWQL were packed into ice
chests for shipment. Samples collected for
analyses by the IDHWL and the ISU labora-
tory were stored in coolers or sealed boxes, as
appropriate, until they were hand delivered to
the laboratories.

Conditions at the sampling sites during
sample collection were recorded in a field log-
book. Chain-of-custody records were used to
track the samples from the time of collection
until delivery to the analyzing laboratories.
These records are available for inspection at
the USGS Project Office at the INEEL.

QUALITY-ASSURANCEIQUALITY-
CONTROL SAMPLES, REPLICATE

PAIRS OF SAMPLES

The guidelines for water-sample collection
are being updated as needed in accordance
with new safety and environmental regulations
and improved analytical procedures. Replicate
pairs of samples always were collected
sequentially as follows: for each type of con-
stituent, first the water-quality sample was col-
lected, then the QA replicate sample was
collected, until all the required containers were
filled. Each water-quality sample and QA rep-
licate sample was labeled and preserved at the
sampling site to avoid sample mix-up.

Site identifiers for the 55 sampling sites
and the QA replicate samples were established
before the initial sampling began. During each
sampling round, each of the five site identifiers
established for the QA replicate samples
(NIV-8, 28,34,44, and 60) was used. Because
these were blind replicates, there was no corre-
lation between the site identifiers of the water-
quality samples and those of the QA replicate
samples. Results from blind replicates can
indicate whether the laboratory, given varia-
tion in equipment, materials, or analysts, can
reproduce results. This type of QA sample also
can indicate variability of factors related to the
collection process, such as ambient conditions
at the site, field personnel, field-measurement
instruments, and sampling equipment.

7



Statistical Comparisons of Replicate
Pairs of Samples

Since an analytical result is a best estimate
of the concentration of the constituent of inter-
est, an uncertainty is always associated with
that estimate. Although uncertainties may be
determined by different methods and desig-
nated by different terms, all can be considered
estimates of the precision associated with the
results. In this report, the uncertainty is desig-
nated as the standard deviation.

If the standard deviations are known, it is
possible to determine, within a specified conil-
dence level, whether the results of a replicate
pair of samples are statistically equivalent.
When the standard deviations are unknown,
approximations of the standard deviations can
be used for the statistical comparison. The
comparison can be made using an adaptation
of the equation to determine the standard devi-
ate (Z) or the number of standard deviations
the variable deviates from the mean (Volk,
1969, p. 55), where Z is the ratio of the abso-
lute value of the difference of the two results
and the square root of the sum of the squares of
the standard deviations (the pooled standard
deviation). In that way, a comparison can be
made of two analytical results on the basis of
the precision, or an approximation of the preci-
sion, associated with each of the resulti.

lx - yl

‘=&i=&F
(1)

where
x is the result of the water-quality sample,
y is the result of the QA replicate sample,
SXis the standard deviation of x, and
SYis the standard deviation of y.

When the population is distributed nor-
mally and the standard deviation is known, the
analytical results of replicate pairs can be con-
sidered statistically equivalent at the 95-per-
cent confidence level if the Z-value is less than

or equal to 1.96. When the population is not
distributed normally or an approximation of
the standard deviation is used, a Z-value less
than or equal to 1.96 must be considered a
guide when testing for equivalence. At the 95-
percent confidence level, the probability of
error is 0.05. In other words, when a Z-value is
less than or equal to 1.96, the results are within
approximately two standard deviations of each
other. Equation 1 is essentially the equation
used to compare replicate data in the USGS
protocol for collection and processing of sur-
face-water samples (Horowitz and others,
1995, p. 36).

Instead of setting a value that is approxi-
mately equal to two standard deviations as a
test of equivalence, the level of significance, or
p-value, which indicates the weight of the evi-
dence to reject the null hypothesis, which is
X*SX= Y+Sy>maY be determined” me null
hypothesis is tested using the Z-value as the
test statistic. The Z-value is calculated by
using equation 1. Then the p-value is deter-
mined by referring to table 21. Assuming the
distribution is normal, thep-value is the area
under the curve for the Z-value. The greater
the Z-value, the smaller the p-value and the
more likely that the results of the replicate pair
are not equivalent, and the null hypothesis will
be rejected. When Z = 1.96, the p-value=
0.0250 for a one-tailed test and 0.0500 for a
two-tailed test (table 21). This shows that these
p-values are equivalent to the 95-percent con-
fidence level and et= 0.05, where ct is the
probability that the null hypothesis will be
rejected when true.

Inorganic Constituents

Equation 1 cannot be applied directly to
results when no standard deviations are
reported. The analyses for inorganic constitu-
ents that were done at the NWQL were not
reported with standard deviations; therefore,
approximations of standard deviations were
used. The approximations were determined

8



using information available through the USGS
Branch of Technical Development and Quality
Systems (BTD&QS), formerly the Branch of
Quality ’Assurance.

The USGS administers an extensive inter-
laboratory comparison program in which
approximately 150 laboratories are evaluated
on the basis of the results of their analyses of
standard reference water samples (SRWS)
(Long and Farrar, 1993). The data horn the
interlaboratory comparison program, or the
SRWS program, are used by the BTD&QS to
derive linear regression equations that allow
the calculation of an approximation of the
standard deviatio~ a most probable deviation
(MPD), at any concentration for most analy-
ses.

The BTD&QS conducts the Blind Sample
Program (BSP) in which SRWS, disguised as
environmental samples, are submitted to the
NWQL for analyses. The BSP data are evalu-
ated using control charts prepared with the
MPD’s calculated from the regression equa-
tions formulated fkom the SWRS program. A
report by Maloney and others (1993) describes
the BSP, evaluates the analytical results, and
presents the linear regression equations and
control and precision charts. The BSP data and
control and precision charts are stored in the
QADATA program that is available through
the USGS computer network (Lucey, 1990,
p. 1).

At the INEEL project oflice, the linear
regression equations are used to determine if
the analytical results of the replicate pairs are
statistically equivalent by calculating an MPD
for each result and substituting the MPD for
the standard deviation in equation 1. Because
these are approximate standard deviations, the
Z-value of 1.96 must be considered a guide
when testing for equivalence. The results of
replicate pairs of samples analyzed for inor-
ganic constituents and the Z-values for each

replicate pair are included in tables 3 through
12.

The analytical results were less than the
MRL for many samples. If the results of both
samples of the replicate pair were less than the
MRL, the results were considered equivalent
and the Z-value was reported as a zero. If,
however, only one of the results was less than
the MRL, one of two approaches was taken.

First, if one result was less than the MRL
and the other exceeded the MRL, the numeri-
cal value and the MPD of the numerical value
of the MRL were substituted in equation 1 for
the result at the MRL. For example, the results
of analyses for ammonia in the replicate pair
collected at MV-55 on July 26, 1995, were
0.03 mg/L and <0.015 mg/L (table 4). Using
the MPD calculated with the QADATA linear
regression equations, the results and MPD
were 0.03+0.02 mg/L and <0.015A0.02 mg/L,
respectively. The Z-value, calculated using
equation 1, equaled 0.64. It was less than 1.96;
therefore, it was within the 95-percent confi-
dence interval. The results of the replicate pair
were equivalent and no comment appears in
the “Remark” column. If the Z-value had been
greater than 1.96, an “N” would have appeared
in the “Remark” column signif@g that the
results would not have been equivalent.

Second, if one result was less than the
MRL and the other was at the MRL, the MPD
of the result at the MRL was calculated using
the linear regression equation for that analysis.
In these cases, however, it was impractical to
use equation 1 because the Z-value would
always equal zero. Therefore, to compare the
two results using the precision associated with
them, the MPD was multiplied by 1.96. If the
range of the MPD included zero, the results
were equivalent because any result less than
the MRL was included in the 95-percent cotil-
dence interval. If the range did not include
zero, as often is the case when the MPD is rel-
atively small, equivalency could not be deter-
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mined. For example, the results of analyses for
vanadium in the replicate pair collected at
MV-24 on August 12, 1991, were 6 pg/L and
<6 pg/L (table 5). Using the MPD of 2 pg/L
calculated with the QADATA linear regres-
sion equations, the results and MPD were
6~ pg/L and c6M pg/L, respectively. There-
fore, the result of 6 pg/L would have a MPD of
1.96 x 2 wg/L at the 95-percent confidence
level: 6*4 pg/L. The range did not include
zero and an “I” appears in the “Remark” col-
~ sidting fiat equivalence was ~deter-
rninate. If the range had included zero, no
comment would have appeared in tie
“Remark” column.

Gross Radioactivity and Radionuclides

The use of equation 1 was straightforward
in determiningg if the results of radiochemical
analyses of a replicate pair of samples were
equivalent. The NWQL reported radiochemi-
cal results and values for a two-sigma preci-
sion estimate (2SPE). The ISU laboratory
reported radiochemical results and values for
two standard deviations, except in 1993, when
it reported results and only one standard devia-
tion. When 2SPE or two standard deviations
were reported, the value was divided by two to
compute the one standard deviation required
by equation 1. The results of the analyses for
gross radioactivity and radionuclides in repli-
cate pairs and the Z-values are listed in
tables 6 and 7.

Because of differences in the radiochemi-
cal analyses, data from the ISU laboratory
could not be compared with data horn the
NWQL. For example, the NWQL analyzed
samples for dissolved and suspended gross
radioactivity; the ISU laboratory, for total
gross radioactivity. Furthermore, the ISU labo-
ratory method detection limit and uncertainties
for radiochemical analyses were much greater
than those of the NWQL. Therefore, although
the analytical results from the two laboratories
would be considered equivalent if compared

statistically, they were not comparable and no
conclusions could be made concerning preci-
sion and accuracy of the two laboratories.

Organic Constituents

Organic constituents were not included in
the BSP; therefore, the standard deviations
used for DOC analyses were calculated from
the relative standard deviations (RSD)
reported by Wershaw and others (1987,
p. 15–16); for MBAS, by the NWQL Services
Catalog (Pritt and Jones, 1989, p. 5-45); for
VOC’S, by Rose and Schroeder (1995,,
p. 18–23); and for pesticides, by Wershaw and
others (1987, p. 30,40,43, and 46) and Zaugg
and others (1995, p. 23-33). The VOC’s and
pesticides, Chemical Abstract Service (CAS)
Registry numbers, MRL’s, and years analyzed
are listed in tables 22 and 23. The sites and
years sampled are listed in table 24.

The results of the analyses for DOC and
MBAS in replicate pairs and the Z-values are
presented in table 8. Concentrations of 8
VOC’S and 10 pesticides were at or exceeded
the MRL’s in either the water-quality or the
QA replicate sample of some sample pairs.
The results and Z-values for only those sample
pairs are presented in tables 9 and 10. The
results of analyses for gross polychlorinated
compounds in replicate pairs and the Z-values
are presented in table 11. If analytical results
of the pair were not statistically equivalent, an
“N” appe~s in the “Remal-k” column. If
equivalence could not be determined, an “I”
appears in the “Remark” columrL signifying
that equivalence was indeterminate. If the
results of both samples of a replicate pair were
less than the MRL, the results were considered
equivalent and the Z-value was reported as a
zero.

Stable Isotopes

The analyses for stable isotopes in water-
quality samples involve determining ratios of
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skible isotopes in a sample relative to those in
a standard. Results are reported in delta (5)
notation, which is the parts-per-thousand
difference between a sample and a standard:
hydrogen-2/hydrogen-l @ 2H), oxygen-18/
oxygen-16 (5 180), carbon-13/carbon-12
(613C), sulfur-34/sulfhr-32 @ 34S), and nitrO-

gen-15/nitrogen-14 (8 15N).Results of repli-
cate pairs of samples analyzed for stable
isotopes were not reported with a standard
deviation; however, precision-estimate values
are listed in the NWQL Services Catalog
(Tirnme, 1994) and updated by KendaIl and
Carmody (U.S. Geological Survey, oral and
written communs., 1994-1996). The precision
estimate was substituted into equation 1 for the
standard deviation to determine statistical
equivalence. Results and precision estimates
for the stable isotopes in replicate pairs and the
Z-values are listed in table 12.

Summary of Statistical Comparisons of
Replicate Pairs of Samples

The statistical comparisons of the data
indicated that 95 percent of the analytical
results of replicate pairs were equivalent. Of
the major ion analyses, 99 percent were equiv-
alent; nutrients and cyanide, 92 percent; trace
elements, 98 percent gross radioactivity and
radionuclides (NWQL and ISU), 81 percent
organic constituents, 99 percent; and stable
isotopes, 88 percent. Ninety percent or more of
the results for each constituent were equiva-
lent, except those for orthophosphate, alumi-
num, vanadium, zinc, gross alpha radio-
activity, gross beta radioactivity, radon-222,
radium-226, strontium-90, tritium, gamma
radiation, MBAS, 5 13C,and 8 l%. Lack of
equivalence between results of replicate pairs
indicates a problem. Because many factors,
such as field methods, ambient conditions, lab-
oratory procedures, and nonanalytical errors
can affect precision, the source of the inconsis-
tency cannot always be pinpointed.

The following sections summarize the
results of statistical comparisons for each con-
stituent. Graphical summaries are provided in
figures 3 through 9.

Inorganic Constituents

Maior ions. Ten replicate pairs of samples
were analyzed by the NWQL for the following
dissolved major ions: calcium, magnesium,
sodium, potassium, sulfate, chloride, fluoride,
bromide, and silica (table 3). For all but the
bromide analyses, Z-values were calculated
using the analytical results and the MPD’s
determined with the regression equations for-
mulated by the BTD&QS from the SRWS pro-
gram data. Because the bromide analysis was
not included in the BSP, an RSD of 15 percent
(Pritt and Jones, 1989, p. 5-6) was used in
equation I.

All of the analytical results of the replicate
pairs analyzed by the NWQL for dissolved
major ions were equivalent except results for
potassium in one pair. The Z-values indicated
that 89 results, or 99 percent of the results,
were equivalent (fig. 3).

At some sampling sites, replicate pairs of
samples also were collected to be analyzed by
the IDHWL for total, rather than dissolved,
major ions. The total major ions and the numb-
er of replicate pairs follow: calci~ 2; mag-
nesium, 2; sodium, 3; potassium, 2; sulfate, 3;
chloride, 3; fluoride, 3; and silica, 2 (table 3).
Only the water-quality sample of one replicate
pair (MV-40) was analyzed for total sodium,
sulfate, chloride, and fluoride.

Because IDHWL did not report the results
with a precision statement, they could not be
compared statistically with results born the
NWQL; however, results of the samples of the
replicate pairs analyzed by the NWQL were
similar to the results of the corresponding samp-
les analyzed by the IDHWL, except for the
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Figure 3. Results of statistical comparisons of replicate pairs of samples analyzed for
major ions.
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Figure 4. Results of statistical comparisons of replicate pairs of samples analyzed for nutrients
and cyanide.
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Figure 5. Results of statistical comparisons of replicate pairs of samples analyzed for trace
elements,
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Figure 6. Results of statistical comparisons of replicate pairs of samples analyzed for gross
radioactivity and radionuclides, National Water Quality Laboratory.

15



$

‘fj
rn
In

14

12

10

8

6

4

*
.&

0

Gross radioactivity and radionuclides, ISU

GROSSALPHA GROSSBETA STRON’INJM-90, muM, GAMMARADIATION,
10090 8W0 67% gz~o 89%

❑ Total number of pairs analyzed ❑$@~x$~~Number of equivalent pairs

❑ Number of nonequivalent pairs

Explanation: Analytes a~ followed by the percentages of replicate pairs that are equivalent.



3,00(

1,00(

q’

300

100

30

10

3

0

—

—

—

—
DISSOLVEDORGANIC VOLATILEORGANIC

CARBON,91% COMPOUNDS,99%

Organic constituents

PESTICIDES, GROSSPOLYCHLORINATEDMETHYLENEBLUE
99% COMPOUNDS.100% ACTIVESUBSTANCES.

87%

Totalnumber of pairs analyzed Number of equivalent pairs

M Number of pairs with indeterminate equivalence Number of nonequivalent pairs

Explanation: Analytes are followed by the percentages of the replicate pairs that are equivalent.



I

Figure 9. Results of statistical comparisons of replicate pairs of samples
isotopes.

analyzed for stable



results for chloride in one replicate pair
[MV-36(60)] in 1992. Conclusions drawn
from comparisons behveen concentrations of
dissolved and total constituents are not always
vali~ however, the similarity of the results of
the replicate pairs and the single water-quality
sample analyzed by the IDHWL to those
analyzed by the NWQL appear to validate the
sampling methods and verify the accuracy of
analyses..

Nutrients and cvanide. Fifteen replicate
pairs of samples were analyzed by the NWQL
for the following dissolved nutrients: nitrite,
nitrite plus nitrate, ammonia, and orthophos-
phate; four replicate pairs were analyzed for
dissolved cyanide (table 4). All the Z-values,
except those for the nitrite and cyanide analy-
ses, were calculated using MPD’s determined
with the regression equations formulated by
the BTD&QS from the SRWS program data.
Analyses for these two constituents were not
included in the BSP, but the results of each
replicate pair were numerically the same and
were considered equivalent.

For the nutrient analyses, Z-values indi-
cated that equivalence of results for 5 replicate
pairs for orthophosphate was indeterminate
and results of 55 pairs, or 92 percent of the
results, were equivalent; for the cyanide analy-
ses, results of 4 pairs, or 100 percent of the
results, were equivalent. Although the ortho-
phosphate analyses were included in the BSP,
the concentrations determined in the BSP were
higher than those of the replicate pairs in this
repoti, therefore, equivalence was indetermi-
nate for the replicate pairs analyzed for ortho-
phosphate that were less than 0.03 mg/L.

Trace elements. Replicate pairs of samples
were analyzed by the NWQL for dissolved
trace elements. The trace element and the
number of replicate pairs follow: aluminum,
10; arsenic, 15; barium, 15; beryllium, 9; cad-
mium, 15; chromium, 25; cobalt, 9; copper, 9;
iron, 1O;lead, 15; lithium, 9; manganese, 1O;

mercury, 14; molybdenum, 9; nickel, 9; sele-
nium, 15; silver, 15; strontium, 10; vanadium,
9; and zinc, 9 (table 5). The Z-values were cal-
culated using MPD’s determined with the
regression equations formulated by the BTD&
QS tiom the SRWS program data.

All of the results of the replicate pairs ana-
lyzed by the NWQL for trace elements were
equivalent except the following, which are
listed with the percentage that were equivalent
or indeterminate, or both: aluminum, 70 per-
cent equivalent; vanadium, 89 percent equiva-
lent and 11 percent indeterminate; and zinc, 89
percent equivalent. The Z-values indicated that
4 results were not equivalent, 1 result was
indeterminate, and 246 results, or 98 percent
of the results, were equivalent.

Statistical comparisons of the aluminum
analyses indicated that results of 3 replicate
pairs were not equivalent and results of 7 pairs,
or 70 percent of the results, were equivalent.
Only ten replicate pairs were analyzed for alu-
minum; therefore, additional tiormation from
the BSP was used to support the conclusions.
The information horn the QADATA program
that is available through the USGS computer
network (Lucey, 1990) shows that the alumin-
um analyses of the BSP samples have dis-
played high variability; therefore, the BTD&
QS has reset the control limits to three sigma.
The MPD’s used in the statistical comparisons
of the replicate pairs were multiplied by 1.5 to
adjust for the higher control limits.

Equivalency of results for vanadium in one
of the nine replicate pairs analyzed for vana-
dium was indeterminate. The results of the
replicate pair [MV-24(28)] were at the MRL
and less than the MRL and the MPD’s of the
results were relatively small.

Nine replicate pairs were analyzed for dis-
solved zinc; results of one replicate pair
[MV-36(60)] were not equivalent. The results
were <3 wg/mL for the water-quality sample
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and 30 pghnL for the QA replicate sample.
The results of both samples in the replicate
pair analyzed by the IDHWL for total zinc
were <2 pghnL (table 5); a more recent analyt-
ical value for dissolved zinc at the same site
was 4 ~ghnL (Bartholomay and others, 1996,
p. 17). These lower values indicate that the
result of the watcwquality sample of the repli-
cate pair [MV-36(60)] was probably accurate.
The reason for the large difference between
results of each sample of the replicate pair
could not be determined.

At some sampling sites, replicate pairs of
samples also were collected to be analyzed by
the IDHWL for dissolved and total trace ele-
ments. The trace elements and number of rep-
licate pairs follow: aluminum, 2 dissolve~
arsenic, 3 dissolved and 1 total; barium, 3 dis-
solved and 1 total; beryllium, 3 dissolved and
1 total; cadmium, 4 dissolved and 1 total;
chromium, 3 dissolved and 1 total; cobalt, 2
dissolved; copper, 2 dissolved; iron, 2 dis-
solved; lead, 3 dissolved and 1 total; lithium,
2 dissolved; manganese, 2 dissolved; mer-
cury, 3 dissolved and 1 total; molybdenum,
2 dissolved; nickel, 2 dissolved; selenium, 3
dissolved and 1 total; silver, 3 dissolved and 1
total; strontium, 2 dissolved; vanadium, 2 dis-
solved; and zinc, 2 dissolved.

Only the water-quality sample of one repli-
cate pair ~-40(34)] was analyzed for dis-
solved cadmium and dissolved and total
arsenic, barium, beryllium, chromium, lead,
mercury, selenium, and silver. Although
IDHWL did not report the results with a preci-
sion statement and they could not be compared
statistically, most of the analytical results were
less than the MRL’s; and, therefore, they were
considered equivalent. With the exception of
the MRL’s for cadmium, copper, molybde-
num, nickel, and silver, the MRL’s for trace
elements used by the IDHWL were much
greater than those of the NWQL. Therefore,
the analytical results of the two laboratories
could not be compared.

Gross radioactivity and radionuclides

Gross al~ha radioactivity. Thirty replicate
pairs of samples were analyzed by the NWQL
for dissolved gross alpha radioactivi~, 20 of
those replicate pairs also were analyzed for
suspended gross alpha radioactivity (table 6).
At the NWQL, each sample was prepared and
counted on a low-background alpha-beta
counteq the results were reported both as tho-
rium-230 and as natural uranium. The Z-val-
ues indicated that 10 replicate pairs analyzed
for gross alpha radioactivity were not equiva-
lent and 40 pairs, or 80 percent of the results,
were equivalent.

The results of four replicate pairs analyzed
for dissolved gross alpha radioactivity, both as
thoriurn-230 and as natural uranium, were not
equivalent. The results of one of those repli-
cate pairs [MV-61(60)] that also was analyzed
for suspended gross alpha radioactivity, both
as thorium-230 and as natural uranium, were
not equivalent.

The NWQL contracted with three laborato-
ries during three different time periods (1989,
1990-93, and 1994-present) to perform most
radiochemical analyses, including analyses for
gross alpha radioactivity. Eighty percent of the
results of replicate pairs that were not equiva-
lent were collected and analyzed in 1989.
Although the laboratory that analyzed the sam-
ples in 1989 used smaller precision estimates
than the analyzing laboratories in 1990
through 1995, and smaller precision estimates
lead to larger Z-values when using equation 1,
close examination of the data shows that use of
larger precision estimates, similar to those
used by the laboratories during 1990-95,
would not result in a significant increase in the
number of equivalent replicate pairs. The same
field methods were used during 1989-93; and
except for the eight results in 1989, all the
results horn 1989-93 were equivalent.
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At eight of the sampling sites, replicate
pairs also were collected for analyses by the
ISU laboratory for total gross alpha radioactiv-
ity as americium-241. The Z-values indicated
that results of the 8 replicate pairs, or 100 per-
cent of the results, were equivalent.

Gross beta radioactivity. Thirty replicate
pairs of samples were analyzed by the NWQL
for dissolved gross beta radioactivity; 20 of
those replicate pairs also were analyzed for
suqxmded gross beta radioactivity (table 6). At
the laboratory, each sample was prepared and
counted on a low-background alpha-beta
counter and the determinations were reported
both as cesium-137 and as strontium-90/
yttrium-90. The Z-values indicated that 6 rep-
licate pairs analyzed for gross beta radioactiv-
ity were not equivalent and 44 pairs, or 88
percent of the results, were equivalent.

The results of two replicate pairs analyzed
for dissolved gross beta radioactivity, both as
cesium-137 and as strontiurn-90/yttriurn-90,
were not equivalent. Results of two other repli-
cate pairs analyzed for dissolved gross beta
radioactivity, as strontium-90/yttriurn-90, were
not equivalent. All the results of replicate pairs
analyzed for suspended gross beta radioactiv-
ity, as both isotopes, were equivalent.

The NWQL contracted with the same labo-
ratories for gross beta radioactivity analyses as
for gross alpha radioactivity analyses during
the same time periods. The reason for the lack
of equivalence of the results is unknown.

At eight of the sampling sites, replicate
pairs also were collected for analyses by the
ISU laboratory for total gross beta radioactiv-
ity as cesium- 137. The Z-values indicated that
results of 1 replicate pair were not equivalent
and results of 7 pairs, or 88 percent of the
results, were equivalent.

Radon-222. Ten replicate pairs of samples
were analyzed for radon-222 by the NWQL

(table 6). The Z-values indicated that results of
3 replicate pairs were not equivalent and
results of 7 pairs, or 70 percent of the results,
were equivalent.

Radon-222 readily migrates in the pres-
ence of moving water because it is a gas. In
general, radon-222 data are hard to interpret
because of the short half-life of the radionu-
clide and the complex nature of factors affect-
ing its concentrations (IMrrance, 1986,
p. 219).

Radium-226. Ten replicate pairs of samp-
les were analyzed for radium-226 by the
NWQL (table 6). The Z-values indicated that
results of 2 replicate pairs were not equivalent
and 8 pairs, or 80 percent of the results, were
equivalent.

Radium-228. Ten replicate pairs of sam-
ples were analyzed for radium-228 by the
NWQL (table 6). The Z-values indicated that
100 percent of the results were equivalent.

Uranium. Ten replicate pairs of samples
were analyzed for uranium by the NWQL
(table 6). The Z-values indicated that results of
1 replicate pair were not equivalent and 9
pairs, or 90 percent of the results, were equiva-
lent.

Strontium-90. Fifteen replicate pairs of
samples were analyzed for strontium-90 by the
NWQL (table 6). The Z-values indicated that
results of 2 replicate pairs were not equivalent
and 13 pairs, or 87 percent of the results, were
equivalent. Although the concentration in one
sample of each of the two nonequivalent repli-
cate pairs both collected and analyzed in 1989
was greater than three times the analytical
uncertainty, it is unlikely that strontium-90
was in those samples. Concentrations in subse-
quent samples from the two wells (MV-7, in
1992 and 1995; and MV-61, in 1990 and 1993)
were less than the MICL.The later results
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indicate that the initial results for these two
samples were not reliable.

At three sampling sites, replicate pairs also
were collected for analyses by the ISU labora-
tory for strontium-90 (table 6). The Z-values
indicated that results of 1 replicate pair were
not equivalent and 2 pairs, or 67 percent of the
results, were equivalent.

Tritium. Fifteen replicate pairs of samples
were analyzed for tritium by the NWQL; how-
ever, one sample of one replicate pair was lost
before analysis (table 6). The Z-values indi-
cated that results of 3 replicate pairs were not
equivalent and 11 pairs, or 79 percent of the
results, were equivalent. The reason for the
lack of equivalence of the results is unknown.

Site Date NWQL
ISU1identifier sampled Lab A2 Lab B3

MV-27(28) 8/15/89 x

MV-7(8) 8/16/89 x

MV-33(34) 8/17/89 x

MV-43(44) 8f22189 x

MV-61(60) 9/14/89 x

MV-4 (8) 8/13/90 x

NIV-24(28) 8/1X91 x x

MV-40(34) 8/15/91 x x

MV-46(44) 6/23/92 x x

MV-36(60) 7/29/92 x x

MV-21(8) 8/04/93 x

MV-10(28) 8/11/94 x

MV-56(34) 8/09194 x

MV-38(44) 7/24/95 x

MV-55(60) 7/26/95 x

lAnalyticalresultswerereportedas cesium-137and in 1993
only, both as cesium-137and as cobalt-60.

2AnaIyticalresults were reportedas potassium-40,cobalt-
60, lead-212,bismuth-212,radium-224,radium-226,
radium-228,and thorium-234.

3Analyticalresultswere reportedas potassium-40,cesium-
137,lead-212,lead-214,bismuth-212,bismuth-214,
radium-226,uranium-235,and uranium-238.

At 13 sampling sites, replicate pairs also
were collected for analyses by the ISU labora-
tory for tritiurn (table 6). The Z-values indi-
cated that results of 1 replicate pair were not
equivalent and 12 pairs, or 92 percent of the
results, were equivalent.

Gamma radiation. Ten replicate pairs of
samples were analyzed for gamma radiation by
the NWQL (table 7). Two laboratories had
been contracted to perform the analyses, one in
1989, and one in 1990-92. Nine replicate pairs
were analyzed for gamma radiation by the ISU
laboratory from 1991-95. During 1991-93, the
NWQL contract laboratory and the ISU labo-
ratory were performing gamma-radiation anal-
yses on separate replicate pairs collected at the
same sites, at the same times, but were not
always using the same methods nor reporting
the same isotopes. See table to the left for a
summary.

The NWQL analytical data were difficult
to interpret and few statistical comparisons
could be made between the results of the repli-
cate pairs. Results for some isotopes were not
reported, which indicated that the isotopes
were not detected (Mullin, 1997, written com-
mun.), in either the water-quality sample or the
QA replicate sample, or both. Neither bismuth-
212 nor bismuth-214 was detected in replicate
samples. When no isotopes were detected in
either sample of the replicate pair, the results
were considered equivalent. When an isotope
was detected in one sample of a replicate pair
larger than twice the uncertainty and not
detected in the other, the results were consid-
ered not equivalent. When an isotope was
detected in both samples of a replicate pair, the
results were compared statistically using equa-
tion 1. There were 43 replicate pairs that had
either no results or a result for only one sample
of the paiq 28 were considered equivalent and
15, not equivalent. The statistical comparisons
were done on only the 14 replicate pairs that
had a result reported for each sample of the
pai~ the Z-values indicated that results for 5
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replicate pairs were not equivalent and 9 pairs
were equivalent. In all, 57 replicate pairs were
analyzed for gamma radiation by the NWQL;
results of 20 of the replicate pairs were not
equivalent and 37 pairs, or 65 percent of the
results, were equivalent.

During 1991-95, water-quality samples
and QA replicate samples also were analyzed
by the ISU for gamma radiation and were
reported as cesium-137 and, in 1993 only, both
as cesium- 137 and as cobalt-60. Results were
reported for both samples of all the replicate
pairs (table 7). The Z-values indicated that
results of 1 replicate pair were not equivalent
and 8 pairs, or 89 percent of the results, were
equivalent.

Organic Constituents

Dissolved ormnic cabon. Eleven replicate
pairs of samples were analyzed by the NWQL
for DOC (table 8). The precision data for the
DOC method (Wershaw and others, 1987,
p. 15) were used to determine a linear regres-
sion equation for calculating the standard devi-
ations at low concentrations. The Z-values
indicated that results of 1 replicate pair were
not equivalent and 10 pairs, or 91 percent of
the results, were equivalent.

Anionic surf~tants as metlwlene bl’ue
active substances. Fifteen replicate pairs of
samples were analyzed by the NWQL for
whole water recoverablel (WWR) MBAS
(table 8). Because this analysis was not
included in the BSP the standard deviations
were calculated using the RSD of 10 percent
reported in the NWQL catalog @itt and
Jones, 1989, p. 5-45). Because of the way the
data were rounded, and because the RSD of
10 percent is very small, analytical results at or
near the MRL were not equivalent unless they
were numerically the same. The Z-values indi-
cated that results of 2 replicate pairs were not
equivalent and 13 pairs, or 87 percent of the
results, were equivalent.

Volatile orwmic com~ounds. Fifteen repli-
cate pairs of samples were analyzed by the
NWQL for 36-65 VOC’S. The number of
VOC’S analyzed for each year differe~ the
VOC’S and years analyzed are presented in
table 22. Concentrations of eight of the VOC’S
were at or greater than the MRL. Because nei-
ther an MPD nor a standard deviation was
available for these eight VOC’S, the standard
deviations were calculated from the RSD’S
provided by Rose and Schroeder (1995). The
following is a list of these compounds and the
RSD’S used to determine the standard devia-
tions for the statistical comparisons: benzene,
9.3 percent; ethylbenzene, 13 percent; n-pro-
pylbenzene, 11 percent; 1,1,1-trichloroethane,
12 percent 1,2,4-trirnethylbenzene, 14 per-
cen~ 1,3,5-trimethylbenzene, 13 percent tolu-
ene, 11 percent; and xylene, 11 percent.

The results of the statistical comparisons of
the replicate pairs analyzed for the compounds
with concentrations at or above the MRL’s are
shown in table 9. All the results for replicate
pairs were equivalent, except results of analy-
ses for 1,3,5--trimethylbenzene and xykme for
one replicate pair [MV-33(34)]. All the results
of the replicate pairs that were less than the
MRL’s were considered equivalent therefore,

]Whole water, recoverable pertains to the con-
stituents in solution after an unfiltered repre-
sentative water-suspended-sediment sample is
digested (usually using a dilute acid solution).
Complete dissolution of the particulate matter
oflen is not achieved by the digestion treat-
ment, and thus the determination represents
something less than the “total” amount (that is,
less than 95 percent)of the constituentpresent
in the dissolvedand suspendedphases of the
sample.For inorganic determinations, diges-
tions are performed in the original sample con-
tainer to ensure digestion of material absorbed
on the container walls. To achieve comparabil-
ity of analytical data, equivalent digestion pro-
cedures would be required of all laboratories
performing such analyses because difftient
digestion procedures are likely to produce dif-
ferent analytical results (Timrne, 1995, p. 95).
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more than 99 percent of the results were equiv-
alent.

Pesticides and moss polvchlorinated com-
pounds. During 1989-95, 15 replicate pairs of
samples were analyzed by the NWQL for 92
different pesticides and gross PCB’S and
PCN’S. The number of pesticides analyzed for
each year diffwed; the pesticides, gross poly-
chlorinated compounds, and years analyzed
are presented in table 23. Almost all of the
analytical results were less than the MRL.
Results for analyses for desethylatrazine and
DDT in two replicate pairs, MV-38(44) and
MV-43(44) were equivalent but greater than
the MRL (table 10). Results of analyses for
both atrazine and desethylatrazine for two rep-
licate pairs, MV-10(28) and MV-43(44) were
uncensored below the MRL, but were reported
with an “E” code to qualifi the result, and cau-
tion the user that the result is estimated (Zaugg
and others, 1995, p. 21, 35). These results,
therefore, were considered indeterminate. The
results of four replicate pairs were indetermi-
nate and 892 pairs, or more than 99 percent of
the results, were equivalent.

Stabie isotopes

Five replicate pairs of samples were ana-
lyzed by the NWQL for the stable-isotopes:
32H, 3180, 513C, 334S, and 815N (table 12).
The Z-values were calculated using the analyt-
ical results and the precision estimates listed in
NIVQL Services Catalog (Timme, 1994, p.
69-70).

All of the results of the replicate pairs ana-
lyzed for stable isoto es were equivalent

Yexcept results for 81 C in one pair and 6 15N
in two pairs (table 12). The reason for the lack
of equivalence of the three replicate pairs is
unknown. The Z-values indicated that the
results for 3 replicate pairs were not equivalent
and 22 pairs, or 88 percent of the results, were
equivalent.

QUALITY-ASSURANCEIQUALITY-
CONTROL SAMPLES, BLANKS

Blanks were prepared using bottled, dis-
tilled water horn a grocery store; distilled,
deionized water from the Radiological and
Environmental Sciences Laboratory (RESL);
inorganic blank water (IBW) and volatile
organic compound blank water (VBW) from
the NWQL; and distilled water horn the
IDWR. Source-solution blanks were identi-
fied as MV-22. Five equipment blanks were
prepared and identified as QA-MV, MV-62,
MV-62(A), MV-62(B), and MV-62(C).
Sources and descriptions of the source-solu-
tion and equipment bkmlcs that were analyzed
by both the NWQL and IDHWL are presented
in table 2; and analytical results are presented
in tables 13 through 20.

Although some constituents of interest
may be detected, blank samples should not
have measurable concentrations of those con-
stituents. Measurable concentrations are those
that exceed the MRL plus twice the MPD or
standard deviation. The radiochemical concen-
trations of blanks should not exceed 2SPE or
two standard deviations.

Source-solution blanks

A source solution is water that is free of the
constituents of interest and is used as a stock
solution for other blanks. This type of blank is
used to determine if the source solution is free
of contaminants. Source-solution blanks also
are used to determine the variability of meth-
ods or analysts at a laboratory, and whether the
laboratory has introduced a bias into the ana-
lytical process. Three source-solution blanks,
prepared in 1989, 1990, 1993, respectively,
were analyzed by the NWQL for inorganic,
radioactive, and organic constituents. The
1989 source-solution blank also was analyzed
by the ISU laboratory for tritium.
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Table 2. Identification, source, and description of source-solution and equipment blanks

[Identified see section on Quality Aasursnce/Quality Control Samples, Blank Samples for explanation. Abbreviations: IBW, inorganic-
free blank watec VBW, volatile organic compound blank water.]

Identifier
Date

prepared
Description

~

MV-22 8/19/89 Grocerystore BottleAdistilledwater

NW-22 11/02/90 Radiologicaland EnvironmentalSciencesLaboratory Distilled,deionizedwater

W-22 8/11/93 USGSNationalWater QualityLaboratory IBW and VBW]

EauiDment blanks

QA-MV 12/14/89 IdahoDepartmentof WaterResources Distilledwaterrinsate of gardenhose

MV-(62) 8/15/91 IdahoDepartmentof WaterResources Distilledwaterrinsate of portable
samplingport

MV-62(A) 6/24/92 IdahoDepartmentof WaterResources Distilledwaterrinsate of portable
samplingport

MV-62(B) 7130/92 IdahoDepartmentof WaterResources Distilledwaterrinsate of portable
samplingport

MV-62(C) 11/12/92 USGSNationalWater QualityLaboratory VBWrinsateof peristalticpump and
filteringapparatus

l“f’hesource-solutionblank was preparedusingtwo sourcesolutions.

The .1990 and 1993 source-solution blanks
were analyzed for major ions. Although cal-
cium and magnesium were detected in both
blanks, and chloride in the 1990 blank, the
analytical results were within two MPD’s,
which indicated that the blanks had no measur-
able concentrations of major ions. However, a
measurable concentration of silica was’found
in the 1990 blank (table 13).

All three source-solution blanks were ana-
lyzed for dissolved nutrients; no measurable
concentrations were found (table 14). The
source-solution blanks also were analyzed for
dissolved cyanide, DOC, and WWR MBAS.
Only the 1990 blank was analyzed for dis-
solved cyanide; the result was less than the
MRL. The 1990 and 1993 blanks were ana-
lyzed for DOC; the 1990 blank had a measur-
able concentration of DOC. All three blanks
were analyzed for WWR MBAS; the 1989

blank had a measurable concentration of
WWR MBAS (table 14).

All source-solution blanks were analyzed
for the following dissolved trace elements:
arsenic, barium, cadmium, chromium, lead,
mercury, selenium, and silver. The 1990 blank
also was analyzed for dissolved iron and
hexavalent and total chromium. The 1993
blank was analyzed for the following addi-
tional dissolved trace elements: aluminum,
beryllium, cobalt, copper, lithium, manga-
nese, molybdenum, nickel, strontium, vana-
dium, and zinc. None of the source-solution
blanks had measurable concentrations of trace
elements (table 15).

The source-solution blanks were analyzed
for gross radioactivity, radon-222, strontium-
90, tritium, uranium, radium-224, radium-226,
radium-228, and gamma radiation (table 17).
Analyses for gross radioactivity included both
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the dissolved and suspended fractions in the
1989 and 1990 blanks, but only the dissolved
fractions in the 1993 blank. Blanks were ana-
lyzed for gross alpha radioactivity as uranium
and as thorium-230 and for gross beta radioac-
tivity as cesium- 137 and as strontium-90/
yttrium-90. The only measurable concentration
of gross radioactivity in any blank was dis-
solved gross alpha radioactivity both as ura-
nium and as thorium-230 in the 1989 blank.
All three blanks were analyzed for strontium-
90 and tritium. The 1989 blank also was ana-
lyzed for tritium by the ISU laboratory. The
1990 and 1993 blanks had measurable concen-
trations of both strontium-90 and tritium. The
large concentration of tritium in the 1990
blank was due to tritium in the water supply at
the Central Facilities Area at the INEEL,
where the RESL is located (Mann and Cecil,
1990). The 1989”and 1990 blanks were ana-
lyzed for radon-222, uranium, radium-226, and
radium-228. Concentrations of radon-222 were
detected in the 1990 blank sample; concen-
trations of radium-226 were detected in both
samples; concentrations of radium-228 in
1990. Analyses of the 1989 and 1990 blanks
for gamma radiation showed that the 1989
equipment blank had measurable concen-
trations of cobalt-60, potassium-40, radium-
224, and radium-226 (table 18).

For the VOC’S, concentrations of only two
VOC’S, chloroform and methylene chloride,
were at, or exceeded, the MRL’s (table 19).
Measurable concentrations of chloroform were
detected in the 1989 blank, and concentrations
of methylene chloride were detected in the
1993 blank.

The bottled, distilled water from the gro-
cery store and the distilled, deionized water
from the RESL had measurable concentrations
of the many constituents of interest and, there-
fore, were unsuitable for use as a source-solu-
tion blank. Use of these water sources as
blanks has been discontinued.

Equipment Blanks

Equipment blanks were prepared using dis-
tilled water fi-omthe IDWR and VBW from
the NWQL. Equipment blanks were passed
through and collected horn different sampling
apparatus in the same manner as the water-
quality samples. Then, the blanks were ana-
lyzed for the constituents of interest to deter-
mine if the sample-collection process or
equipment-cleaning process had introduced a
bias to the analytical results. The following
five equipment blanks were prepared: QA-MV
in 1989, MV-62 in 1991, and MV-62(A), (B),
and (C) in 1992.

During the first round of sampling,
in 1989, a new garden hose was used to divert
water away from pumps and associated electri-
cal equipment (Wegner and Campbell, 1991,
p. 37). Several sites that had concentrations of
VOC’S that exceeded the MRL were resam-
pled and an equipment blank (QA-MV) was
prepared to determine whether the contamina-
tion was from the water in the wells or fi-om
the garden hose. The analytical results showed
that there were no measurable concentrations
of VOC’s in the resampled water, but there
were measurable concentrations in the equip-
ment blank, which indicated that the garden
hose had been the source of the contamination
(table 20). Since then, a portable, stainless-
steel sampling port has been used to collect the
samples.

In 1991, one equipment blank (MV-62)
was prepared bypassing distilled water
through the stainless-steel sampling port. The
rinsate then was analyzed by the IDHWL for
the following dissolved trace elements:
arsenic, barium, beryllium, cadmium, chro-
mium, lead, mercury, selenium, silveq and for
VOC’S (tables 16 and 19). No measurable
concentrations of those constituents were
detected, except for chloroform, which was not
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present in any of the water-quality or QA repli-
cate samples.

In 1992, two other equipment blanks,
MV-62(A) and (B), were prepared in the same
manner as MV-62 and analyzed by IDHWL
for the same dissolved trace elements, and
these additional trace elements: aluminum,
cobal~ copper, iron, lithium, manganese,
molybdenum, nickel, strontium, vanadium,
and zinc; and for VOC’S (tables 16 and 19).
The blanks had no measurable concentrations
of any of the trace elements or VOC’s.

Several water-quality samples contained
DOC; therefore, another equipment blank,
MV-62(C) was prepared in 1992 bypassing
VBW through the peristaltic pump tubing and
the silver filter apparatus used to collect and
filter the samples analyzed for DOC. The rin-
sate then was analyzed for DOC; there was no
measurable concentration of DOC in the sam-
ple, which demonstrated that the DOC was not
an artifact of the sampling process.

SUMMARY AND CONCLUSIONS

The public is concerned about the waste-
disposal practices at the INEEL and the effects
these practices may have on the water quality
of the Snake River Plain aquifer. To monitor
these effects, the USGS collected several
water samples from 55 sites in tie area
between the southern boundary of the INEEL
and Hagerman, Idaho, from 1989 through
1995. The NWQL, the IDHWL, and the ISU
analyzed these water-quality samples for inor-
ganic constituents, gross radioactivity and
radionuclides, organic constituents, and stable
isotopes. Concurrently, replicate samples col-
lected and blank samples prepared for the
QA/QC program were analyzed results of the
analyses of replicate pairs of samples were
compared statistically for equivalence on the
basis of the precision associated with each
result. Determinations as to whether replicate
pairs are equivalent, along with the BTD&QS

report concerning the NWQL, and historical
dat~ are usefid in assessing sources of imprec-
ision, bias, and, in some cases, inaccuracy.

Within the major ion analyses, 99 percent
were equivalen~ nutrients and cyanide, 92 per-
cent; trace elements, 98 percent gross radioac-
tivity and radionuclides, 81 percent; organic
constituents, more than 99 percent; and stable
isotopes, 88 percent. Statistical comparisons of
all the data indicated that 95 percent of the rep-
licate pairs were equivalent. The large percent-
age of analytical results of replicate pairs that
were equivalent indicates that the samples
were collected in a manner that ensured the
quality of the data.

Ninety percent or more of the analytical
results for each constituent were equivalent
except results for orthophosphate, 67 percent
aluminum, 70 percen~ vanadium, 89 percen$
zinc, 89 percent; gross alpha radioactivity, 80
percent; gross beta radioactivity, 88 percent;
radon-222; 70 percent; radium-226, 80 per-
cen~ strontiurn-90, 87 percent; tritiurn, 79 per-
cent gamma radiation, 65 percent; MBAS, 87

13C 80 percent; and 8 15N,60 per-percent; 5 ,
cent.

Although orthophosphate analyses were
included in the BSP, the concentrations were
higher than those of the replicate pairs in this
report; therefore, the statistical comparisons of
the replicate pairs analyzed for orthophosphate
that were less than 0.03 mg/L were indetermi-
nate.

The BTD&QS, in the BSP, has docu-
mented a lack of precision in the analytical
method to determine concentrations of alurni-
nurn. The information from the QADATA pro-
gram that is available through the USGS
computer network shows that the aluminum
analyses of the BSP samples have displayed
high variability; therefore, the BTD&QS has
reset the control limits to three standard devia-
tions. The MPD’s used in the statistical com-
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parisons were multiplied by 1.5 to adjust for
the higher control limits.

Although only 89 percent of the replicate
pairs analyzed for vanadium were equivalent,
lack of precision was not necessarily indicated.
Of the nine replicate pairs analyzed, all were
equivalent except for results of one replicate
pair [MV-24(28)], which were at the MRL and
less than the MRL. The MPD’s of these results
were relatively small and equivalency could
not be determined.

Nine replicate pairs were analyzed for
zinc; results of one replicate pair ~-36(60)]
were not equivalent. The results were <3 vg/L
for the water quality samples and 30 pg/L for
the QA replicate. The reason for the large dif-
ference between results of each sample of the
replicate pair could not be determined. A more
recent analytical value for dissolved zinc at the
same site and the results of a replicate pair col-
lected sequentially and analyzed by another
laboratory, were near the MRL. These lower
values indicated that the result for the water-
quality sample was accurate and the result for
the QA replicate sample was inaccurate.

Only 80 percent of the replicate pairs ana-
lyzed for gross alpha radioactivity were equiv-
alent. Most results that were not equivalent
were fkom samples collected and analyzed in
1989. Although the laboratory that analyzed
the samples in 1989 used smaller precision
estimates than the analyzing laboratories dur-
ing 1990-95, close scrutiny of the data shows
that use of larger precision estimates would not
result in a significant increase in the number of
equivalent replicate pairs. It is unlikely that the
lack of precision was due to inadequate field
methods because the same field methods used
in 1989 were used during 1990-93 and all the
replicate pairs were equivalent during that time
period.

Only 88 percent of the replicate pairs ana-
lyzed for gross beta radioactivity were equiva-

lent. Although the same laboratories that
analyzed samples for the gross alpha radioac-
tivity analyzed samples for gross beta radioac-
tivity, it cannot be assumed that the lack of
precision was due to laboratory conditions in
1989 because there were also non equivalent
replicate pairs in 1992 and 1993.

Because radon-222 is a gas, it readily
migrates in the presence of moving water. In
general, radon-222 data are hard to interpret
because of the short half-life of the radionu-
clide and the complex nature of the factors
affecting its concentrations (Durrance, 1986,
p. 219).

Concentrations of strontium-90 in one
sample of each of the two nonequivalent repli-
cate pairs analyzed by the NWQL in 1989
were larger than three times the analytical
uncertainty. It is unlikely that strontium-90
was in those samples. Concentrations in subse-
quent samples from the two wells (MV-7, in
1992 and 1995; and MV-61, in 1990 and 1993)
were less than the MRL, indicating that the ini-
tial laboratory analyses of these two samples
are not reliable.

Results of several replicate pairs that were
analyzed for tritium were not equivalent; the
reason for the lack of equivalence is unknown.

The NWQL analytical data for gamma
radiation were difficult to interpret and few
statistical comparisons could be made between
the results of the replicate pairs. Analytical
results and uncertainties were reported for only
14 of the 57 replicate pairs. When no isotopes
were detected in either sample of the replicate
pair, the results were considered equivalent.
Whenever an isotope was detected in one samp-
le of a replicate pair larger than twice the
uncertainty and not detected in the other, the
results were considered not equivalent.

The analysis for WWR MBAS was not
included in the BSP; therefore, the compari-
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sons of the results of the replicate pairs and the
standard deviations were calculated using the
RSD of 10 percent reported in the NWQL cat-
alog. Because of the way the data were
rounded and because the RSD of 10 percent is
very small, analytical results at or near the
MRL were not equivalent unless they were
numerically the same.

Results of analyses for stable isotopes in
several replicate pairs were not equivalent.
The reason for the lack of equivalence is
unknown.

Blanks are an important component of the
QA/QC program. Source solutions that were
used for preparation of blanks were: bottled,
distilled water from a grocery store; distilled,
deionized water from the RESL; IBW and
VBW ilom the NWQL; and distilled water
fkom the IDWR. A@tical results of source-
solution blanks can be used to determine vari-
ability or bias at the laboratory and whether the
blank solution is flee of contaminants. An
equipment blank that has been passed through
and collected from all or part of the sampling
apparatus can be used to detect bias introduced
through use of that equipment. Blanks should
not have measurable concentrations of the con-
stituents of interest. Measurable concentrations
are those that exceed the MRL plus twice the
MPD or standard deviation: Radiochemical
concentrations in blanks should not exceed
2SPE or two standard deviations.

Three source-solution blanks, all identified
as MV-22, were prepared, one in each of the
following years: 1989, 1990, and 1993. They
were analyzed by the NWQL for major ions,
nutrients, dissolved cyanide, DOC, MBAS,
trace elements, gross radioactivity and radio-
nuclides, and VOC’s, although not all analyses
were petiorrned each year. The following con-
stituents were present in source-solution
blanks: silica (1990), DOC (1990), MBAS
(1989), gross alpha radioactivity (1989), stron-
tium-90 (1990, 1993), tritium (1990, 1993),

radon-222 (1990), radium-226 (1989, 1990)
radium-228 (1990), gamma radiation (1989),
chloroform (1989), and methylene chloride
(1993). The bottled, distilled water from the
grocery store (1989) and the distilled, deion-
ized water from the RESL (1990) had measur-
able concentrations of many of the constituents
of interest and were unsuitable for use as
source-solution blanks. Use of these water
sources as bkmks has been discontinued.

Three equipment blanks were prepared
during sample collection: MV-62 in 1991 and
MV-62(A) and (B) in 1992. Two other equip-
ment blanks were prepared after the samples
were collected and the analyses complete@
QA-MV in 1989 and MV-62(C) in 1992. All
were analyzed by the IDHWL for trace ele-
ments and VOC’S except QA-MV and MV-
62(C), which were analyzed by the NWQL for
VOC’S and DOC, respectively. With the
exception of VOC’s in QA-MV and chloro-
form in MV-62, no measurable concentrations
of these constituents were present in the equip-
ment blanks. When comparing the results of
analyses performed by the IDWHL and’the
NWQL, it must be remembered that the
IDHWL method detection limits were greater
than those of the NWQL.

During the first round of sampling, in
1989, anew garden hose was used to divert
water away from pumps and associated electri-
cal equipment. Several sites that had concen-
trations of VOC’s greater than the MRL were
resampled and an equipment blank (QA-MV)
was prepared to determine whether the con-
tamination was from the water in the wells or
from the garden hose. The analytical results
showed that there were no measurable concen-
trations of VOC’S in the resampled water, but
there were in the equipment bl~ which indi-
cated that the garden hose had been the source
of the contamination. Since then, a portable,
stainless-steel sampling port has been used to
collect the samples.
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Another equipment blank, MV-62(C), was
prepared after the samples were collected and
the analyses were completed in 1992 because
several samples had contained DOC. The
equipment blank of the filtering apparatus was
prepared to determine whether the DOC had
been introduced during the sampling process.
The result of the analysis showed that no mea-
surable concentration of DOC was present.

Evaluation of the QA/QC data, the itior-
mation from the BSP, and historical data help
to assess precision and bias of field methods at
the INEEL Project Office. The large percent-
age of results of replicate pairs of samples that
were equivalent and blanks that were flee of
the constituents of interest validates the meth-
ods and procedures and supports the reliability
of the data. The QA/QC data also are useftd in
determining the source of inconsistencies
when results of replicate pairs are not equiva-
lent or when blanks contain measurable
concentrations of constituents of interest. For
example, when results of a specific analysis
for several replicate pairs are not equivalent,
and the results for other analyses of those pairs
are equivalent, the source of the inconsisten-
cies may be the laboratory procedures. On the
other hand, when results of all the analyses of
a replicate pair are not equivalent, the source
of the inconsistencies maybe the field proce-
dures. In general, replicate samples do not
address accuracy, but, a large Z-value, when
the results of two replicate samples are com-
pared statistically for equivalence, indicates
that at least one of the results is inaccurate.
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Table 3. Results of replicate pairs of samples from selected wells and springs, eastern Snake River Plain,
analyzed for major ions

[Analyses performed by the U.S. Geological Survey National Water Quality Laboratory (NWQL)and the Idaho Department of Health
and Welfare Laboratou (IDHWL). Site identifier waterquality sample identifier followed by quality-assurance replicate sample
identifier in parentheses; see figure 2 forlocationof sites. Z-value:see section on statistical comparisons for explanation. Remark
no en~, analytical results of replicate pairs are statistically equivalent N, the analytical results are not statistically equivalent.
Abbreviations: mg/L, milligram per liter LO/, water-quality sample QA, quality assurance replicate sample; na, not analyzed]

Dissolvedconcentration, Total concentration,
NWQL IDHWL

Site Date
(mg/L) . (mg/L)

identifier sampIed Mv QA Z-value Remark Mv QA

MV-4(8)

MV-24(28)

MV-40(34)

MV-46(44)

MV-36(60)

MV-21(8)

MV-10(28)

MV-56(34)

MV-38(44)

MV-55(60)

MV-4(8)

MV-24(28)

MV-40(34)

MV-46(44)

MV-36(60)

MV-21(8)

MV-10(28)

MV-56(34)

MV-38(44)

MV-55(60)

MV-4(8)

MV-24(28)

MV-40(34)

MV-46(44)

MV-36(60)

MV-21(8)

IvIV-l0(28)

MV-56(34)

MV-38(44)

MV-55(60)

8/13/90

8/12/91

8/15/91

6/23/92

7/29/92

814/93

8/11/94

8/9/94

7/24/95

7126/95

8/13/90

8/12/91

8/15/91

6/23/92

7/29192

8/4/93

8/11/94

819/94

7/24195

7126195

8/13/90

8/12/91

8/15/91

6123/92

7129/92

814/93

8111/94

819/94

7f24195

7/26195

50

73

31

27

51

31

59

37

40

35

25

34

15

13

16

16

23

16

13

15

54

88

18

14

17

17

50

20

15

19

Calcium

47

74

31

28

51

33

59

37

38

35

Magnesium

23

34

15

14

17

15

24

16

13

15

Sodium

49

89

18

14

17

16

50

20

15

19

0.90

.21

.00

.50

.00

.87

.00

.00

.73

.00

1.39

.00

.00

1.18

.98

1.04

.71

.00

.00

.00

1.57

.19

.00

.00

.00

.66

.00

.00

.00

.00

27 27

54 54

14 14.5

17 17

84 80

16 na

15 16

18 19

34



Table 3. Results of replicate pairs of samples from selected wells and springs, eastern Snake IWer Plain,
analyzed for major ions-Continued

Dissolvedconcentration% Total concentration,
NWQL IDHWL

Site Date
(mg/L) (mg/L)

identifier sampled M-v QA Z-value Remark Mv QA

MV-4(8)

MV-24(28)

MV40(34)

MV-46(44)

MV-36(60)

MV-21(8)

MV-10(28)

MV-56(34)

MV-38(44)

MV-55(60)

MY-4(8)

MV-24(28)

MV-40(34)

Mv-4q44)

MV-36(60)

MV-21(8)

MV-10(28)

Mv-5q34)

MV-38(44)

MV-55(60)

MV-4(8)

MV-24(28)

MV-40(34)

MV-46(44)

MV-36(60)

MV-21(8)

MV-10(28)

MV-56(34)

MV-38(44)

MV-55(60)

8/13/90

8/12/91

8/15/91

6/23/92

7/29/92

814/93

8/11/94

8/9194

7/24/95

7126/95

8/13/90 ‘

8/12/91

8115/91

6/23/92

8/4/93

8/1 1/94

8/9/94

7/24/95

7/26/95

8/13/90

8/12/91

8/15/91

6/23/92

7129192

814193

8/1 1194

8/9194

7124195

7/26/95

4.8

8.3

3.3

3.3

3.1

3.9

6.4

3.5

2.9

3.5

67

90

26

22

26

24

72

36

18

34

61

100

13

9.4

12

10

66

23

8

23

Potassium

4.4

8.2

3.2

3.3

3.1

5.1

5.4

3.5

3.0

3.5

Sulfate

66

95

27

21

26

26

71

37

17

34

Chloride

60

110

13

9.3

12

10

66

24

8

22

1.16

.18

.37

.00

.00

2.09

1.40

.00

.24

.00

.17

.68

.29

.32

.00

.60

.16

.25

.35

.00

.26

1.61

.00

.09

.00

.00

.00

.55

.00

.56

3.3

3.4

3.4

3.4

N

102 102

24 na

19 20

23 22

101 101

12 na

9 9

10 28
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Table 3. Results of replicate paire of samples from selected wells and springs, eastern Snake River Plain,
analyzed for major ions-Continued

Dissolvedconcentration, Total concentration,
NWQL IDHWL

Site Date
(mg/L) (m#L)

identiler sampled Mv QA Z-value Remark Mv QA

MV-4(8)

MV-24(28)

MV-40(34)

MV-46(44)

MV-36(60)

MV-21(8)

NIV-IO(28)

MV-56(34)

MV-38(44)

MV-55(60)

MV4(8)

MV-24(28)

MV-40(34)

MV-46(44)

MV-36(60)

MV-21(8)

MV-10(28)

MV-56(34)

MV-38(44)

MV-55(60)

MV-4(8)

MV-24(28)

MV-40(34)

MV-46(44)

MV-36(60)

MV-21(8)

MV-10(28)

MV-56(34)

MV-38(44)

MV-55(60)

8/13/90

8/12/91

8/15/91

6123/92

7/29192

8/4/93

8/11/94

819194

7/24/95

7126/95

8/13190

8/12/91

8/15/91

6123/92

‘7/29/92

8/4/93

8/11/94

819/94

7124195

7/26195

8/13/90

8/12/91

8/15/91

6123/92

7/29192

814/93

8/11/94

8/9194

7/24195

7126195

.5

.4

.5

0.4

.3

.4

.5

.6

.3

.6

.12

.25

.03

.02

.03

.04

.15

.06

.03

.05

33

34

33

32

29

33

34

32

31

33

Fluoride

.4

.4

.4

.4

.3

.5

.4

.6

.3

.5

Bromide

.12

.25

.03

.02

.04

.02

.16

.06

.03

.05

Silica

33

34

33

32

29

33

34

32

31

33

.09

.00 .41

.94 .50

0.00 .4

.00 .29

.94

.94

.00

.00

.94

.00

.00

.00

.00

.20

.45

.05

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

31

28.3

.44

n.a

.4

.33

31

28.4
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Table 4. Results of replicate pairs of samples from selected wells and springs, eastern Snake River Plain,
analyzed for dissolved nutrients andcyanide

[Analyses performed by the U.S. Geological Survey National Water Quality Laboratory. Si identified water-quality sample identifier
followed by quality-assurance identifier in parentheses; see figure 2 for location of sites. Z-value see section on statistical
comparisons for explanation. Remark no entry, analytical results of replicate pairs are statistically equivalent 1,statistical
equivalence of the analytical resulta of replicate pairs is indeterminate. Abbreviations mg/L, milligram per Iitec MV, waterquality
sample; QA, quality assurance replicate sample. Symbol: % the result was less than the indicated reporting level]

Concentration

Site Date
(m@L)

identifier samp[ed Mv QA Z-value Remark

MV-27(28)

MV-7(8)

MV-33(34)

MV-43(44)

MV-61(60)

MV-4(8)

MV-24(28)

MV-40(34)

MV46(44)

MV-36(60)

MV-21(8)

MV-10(28)

MV-56(34)

MV-38(44)

MV-55(60)

MV-27(28)

Mv-7(8j

MV-33(34)

W-43(44)

NIV- 61(6O)

MV4(8)

MV-24(28)

MV-40(34)

MV-46(44)

MV-36(60)

MV-21(8)

MV-10(28)

MV-56(34)

MV-38(44)

MV-55(60)

8/15/89

8/16/89

8117189

8122/89

9/14/89

8/13/90

8/12/91

8/15/91

6123/92

7129/92

8/4/93

8/1 1/94

819/94

7/24/95

7/26/95

8/15/89

8/16/89

8/17/89

8/22/89

9t14189

8/13/90

8/12/91

8/15/91

6123192

7/29(92

8/4/93

8/1 1/94

819/94

7/24195

7/26/95

Nitrite, as nitrogen

<0.01 <().()1

<.01 <.01

<.01 <.01

<.01 <.01

<.01 <.01

<.01 <.01

<.01 <.01

<.01 <.01

<.01 <.01

<.01 <.01

<.01 <.01

<.01 <.01

<.01 <.01

<.01 <.01

<.01 <.01

Nitrite plus nitratq as nitrogen

1.5 1.5

.40 .45

.53 .54

4.3 4.3

.98 .97

1.8 1.9

5.7 5.7

.69 .67

.62 .62

1.6 1.7

1.0 1.0

2.6 2.6

1.0 1.0

1.4 1.3

.99 1.0

0

0

0
0

0

0

0

0

0

0

0

0

0

0

0

.00

1.09

.20

.00

.15

1.03

.00

.36

.19

1.11

.00

.00

.00

.63

.08
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Table 4. Results of replicate paire of samples from selected wells and springs, eastern Snake River Plain,
analyzed for dissolved nutrients and cyanid+Continued

Concentration

Site Date
(mg/L)

identMer sampled NIV QA Z-value Remark

MV-27(28)

MV-7(8)

MV-33(34)

MV-43(44)

MV-61(60)

MV-4(8)

MV-24(28)

MV-40(34)

MV-46(44)

MV-36(60)

MV-21(8)

MV-10(28)

MV-56(34)

MV-38(44)

MV-55(60)

MV-27(28)

MV-7(8)

MV-33(34)

MV-43(44)

MV-61(60)

MV-4(8)

NIV-24(28)

MV-40(34)

MV-46(44)

MV-36(60)

NIV-21(8)

MV-10(28)

MV-56(34)

MV-38(44)

MV-55(60)

MV-4(8)

MV-24(28)

MV416(44)

MV-36(60)

8/15/89

8/16189

8/17189

8/22/89

9/14/89

8/13/90

8/12/91

8/15/91

6/23192

7/29/92

8/4/93

8/1 1/94

8/9/94

7124195

7/26195

8/15/89

8/16/89

8/17/89

8122/89

9/14/89

8/13/90

8/12/91

8/15/91

6/23/92

7/29/92

814193

8/1 1/94

8/9/94

7!24195

7/26/95

8/13/90

8/12/91

6/23/92

7/29/92

Ammonia, as nitrogen

0.01 0.01

<.01 <.()I

<.01 <.(II

<.01 <.01

.01 .01

-=.01 <.01

<.01 <.01

<.01 <.01

<.01 <.01

.01 .01

.01 .01

.01 .02

.01 .02

.03 .03

.03 <.015

Orthophosphatqas phosphorus
.01 .02
.01 .01

.01 <.01

.01 .01
<.01 <.01

.01 <.01

.01 .01

.02 .02
<.01 <.01

.03 .03

.01 .01
<.01 .01

.01 .03

.03 .03

.01 .01
Cyanide

<.01 <.01
<.01 <.01

<.01 <.01

<.01 <.01

0.00

0

0

0

.00

0

0
0

0

.00

.00

.44

.44

.00

.64

I

.00

I

.00

0

I

.00

.00

0

.00

.00

I

I

.00

.00

0

0

0

0
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Table 5. Results of replicate pairs of samples from selected wells and springs, eastern Snake River Plain, analyzed for trace elements

[Analyses performed by the U.S. Geological Survey National Water Quality Laboratory (NWQL) and the Idaho Department of Health ard Welfare Laboratory (IDHWL). Site identified
water-quality sample identifier followed by quality-assurance identifier in parentheses; see figure 2 for location of sites. Z-value: see section on statistical comparisons for explanation.
Remark: no entry, analytical results of replioete pairs are statistically equivalent N, analytical results are not statistically equivalent 1,statistical equivalence of the analytical results of
replicate pairs is indeterminate. Abbreviations: wg/L, microgram per Iitev MV, water-quality sample; QA, quality-assurance replicate sample; na, no analysis. Symbol: % the rewlt was
less than the stated value]

Dissolvedconcentration Total concentration, Dissolvedconcentration, Total concentration,
NWQL NWQL IDHWL IDHWL
(v@L) (M@) (I-%@) (~gm)

Site Date
identifier sampled MV QA Z-value Remark MV QA Z-valne Remark MV QA MV QA

MV-4(8)

MV-24(28)

MV-40(34)

MV-43(44)

MV-36(60)

% MV-21(8)

MV-10(28)

MV-56(34)

MV-38(44)

MV-55(60)

MV-27(28)

MV-7(8)

MV-33(34)

MV-43(44)

MV-61(60)

MV-4(8)

MV-24(28)

MV-40(34)

MV-46(44)

MV-36(60)

MV-21(8)

8/13/90

8/12/9 1

8/15/9 1

6/23/92

7/29192

8/4/93

8/1 1/94

819f94

7124/95

7/26195

8/15/89

8/16/89

8/17/89

8/22/89

9/14/89

8/13/90

8/12/91

8/15/91

6123/92

7129/92

814/93

<10

<10

20

<10

20

<10

<10

<10

<10

20

2

2

2

2

3

3

3

2

2

2

2

<10

<10

<10

<10

10

20

<10

<10

<10

20

2

2

2

2

3

4

3

2

2

2

2

Aluminum

o

0

2.04 N

o

2.04 N

2.04 N“

o

0

0

.00

.00

.00

.00

.00

.00

.70

,00

.00

.00

.00

.00

Arsenic

<100 <100

<l Or) <100

<lr) <10 <if) <10

<10 na <10 na

<10 <10

<10 <if)



Table 5. Results of replicate pairs of samples from selected wells and springs, eastern Snake River Piain, analyzed for trace elements—Continued

Dissolvedconcentration Total concentration, Dissolvedconcentration, Total concentration,
NWQL NWQL IDHWL IDHWL

(u@J) (I@JJ) (I@J-J (I.@)
Site Date

identifier sampled Mv QA Z-value Remark MV QA Z-value Remark MV QA Mv QA

MV-10(28)

MV-56(34)

MV-38(44)

MV-55(60)

MV-27(28)

MV-7(8)

MV-33(34)

MV-43(44)
Ao MV-61(60)

MV-4(8)

MV-24(28)

MV-40(34)

MV-46(44)

MV-36(60)

MV-21(8)

MV-10(28)

MV-56(34)

MV-38(44)

MV-55(60)

MV-24(28)

MV-40(34)

MV-46(44)

MV-36(60)

MV-21(8)

8111/94

819194

7/24195

7/26195

8/15/89

8/16/89

8/17[89

8122189

9/14/89

8/13/90

8/12/91

8/15/91

6/23/92

7/29/92

8/4/93

8/11/94

8/9/94

7/24195

7126195

8/12191

8/15/91

6123/92

7129/92

8/4/93

3

3

1

2

53

20

13

90

20

46

140

18

16

43

19

74

24

29

23

<.5

<.5

<,5

.8

<.5

3

3

1

2

52

20

13

89

20

42

150

18

16

44

19

76

24

29

23

<,5

<.5

<.5

.9
<.5

Arsenic-cont.

.00

0.00

.00

.00

.17

.00

.00 “

.12

.00

.56

.86

.00

.00

.19

.00

.28

.00

.00

.00

0

0

0

.09

0

Barium

180 130 150 120

<100 na <100 na
<100 <100”

<100 <100”

Beryllium

<5 <5

<5 na

<5 <5

<5 <5

<5 <5

<5 na



Table 5. Results of replicate pairs of sampies from seiected weiis and springs, eastern Snake River Piain, analyzed for trace eiements—continued

Dissoivedconcentration Total concentration, Dissolvedconcentration, Total concentration,
NWQL NWQL IDHWL IDHWL

Site Date
(P@L) (I’@) (W@) (W@)

identifier sampled MV QA z-value Remark MV QA Z-value Remark MV QA MV QA

MV-10(28)

MV-56(34

MV-38(44)

MV-55(60)

MV-27(28)

MV-7(8)

MV-33(34)

MV-43(44)
.@

MV-61(60)

MV-4(8)

MV-24(28)

.MV-40(34)

MV-46(44)

MV-36(60)

MV-21(8)

MV-10(28)

MV-56(34)

MV-38(44)

MV-55(60)

MV-27(28)

MV-7(8)

MV-33(34)

MV-43(44)

MV-61(60)

8/11/94

8/9/94

7124/95

7/26/95

8/15/89

8/16/89

8/17/89

8/22/89

9/14/89

8/13/90

8/12/91

8/15/91

6123/92

7129/92

814/93

8/11/94

819/94

7/24/95

7/26/95

8/15/89

8/16/89

8/17/89

8/22/89

9/14/89

<.5

<0.5

<.5

<.5

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

3

3

4

2

5

<.5

0.7

.5

<.5

<1

<1

<1

<1

<1

<1

<1

<1

<1

<]

<1

1

<1

<1

<1

2

3

4

2

5

Beryliium-cent.

o

0.17

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

.30

.00

.00

.00

.00

Cadmium

<1

<1

<1

<1

Chromium

<1 <1

<1 na



Table 5. Results of replicate pairs of samples from selected wells and springs, eastern Snake River Plain,analyzedfor trace elements—Continued

Dissolvedconcentration Total concentration, Dissolvedconcentration, Total concentration,
NWQL NWQL IDHWL IDHWL
(v@L) (I@) (M&) (1’@JJ)

Site Date
identifier sampled MV QA Z-value Remark MV QA Z-value Remark MV QA MV QA

Chromium-cont.

MV-4(8)

MV-24(28)

MV-40(34)

MV-46(44)

MV-36(60)

MV-21(8)

MV-10(28)

MV-56(34)

MV-38(44)
AN MV-55(60)

MV-4(8)

MV-24(28)

MV-40(34)

MV-46(44)

MV-36(60)

MV-21(8)

MV-10(28)

MV-56(34)

MV-38(44)

MV-55(60)

MV-24(28)

MV-40(34)

MV-46(44)

MV-36(60)

8/13/90

8/12191

8/15/91

6123192

7/29/92

8/4193

8/11/94

8/9/94

7124195

7126/95

8/13/90

8/12/91

8/15/91

6123/92

7129/92

8/4/93

8/11/94

819/94

7/24/95

7/26/95

8/12/91

8/15/91

6123f92

7129/92

<1

<5

<5

<5

<5

<5

<5

<5

<5

<5

2

<1

<1

2

<1

<1

<1

<1

<1

1

<3

<3

<3

<3

4

<5

<5

<5

<5

<5

<5 ,

<5

<5

<5

5

<1

<1

2

<1

2

<1

<1

<1

1

<3

<3

<3

<3

.91

0

0

0

0

0

0

0

0

0

3 3

3 3

2 2

1 3

2 <1

<1 3

1.3 1.2

3 3

2.4 2.4

2.9 3.0

Hexavalent chromium

.89

0

0

.00

0

0

0

0

0

.00

Cobalt

o

0

0

0

.00

0.00 <3 <3 <3 <3

.00 <3 na <3 na

.61 3.8 3.9

0 <2 <2

0

.03

.00

.00

.03

<10

<10

<10

<10



Table 5. Results of replicate pairs of samples from selected wells and springs, eastern Snake River Plain, analyzed for trace elements—Conthued

Dissolvedconcentration. Total concentration, Dissolvedconcentration, Total concentration,
NWQL NWQL lDHWL IDEIWL

WL) (I@) (Pm) (M@)
Site Date

identifier sampled MV QA Z-value Remark MV QA Z-value Remark MV QA Mv QA

MV-21(8)

MV-10(28)

MV-56(34)

MV-38(44)

MV-55(60)

MV-24(28)

MV-40(34)

MV-46(44)
&

MV-36(60)

MV-21(8)

MV-10(28)

MV-56(34)

MV-38(44)

MV-55(60)

MV-4(8)

MV-24(28)

MV-40(34)

MV-46(44)

MV-36(60)

MV-21(8)

MV-10(28)

MV-56(34)

MV-38(44)

MV-55(60)

8/4/93

8/11/94

8t9194

7/24/95

7/26195

8/12/91

8/15/91

6/23/92

7/29192

814/93

8/11/94

8/9/94

7124195

7/26/95

.

8/13/90

8/12/91

8/15/91

6/23192

7129192

8/4193

8/11/94

819/94

7/24195

7126195

<3

<3

<3

<3

<3

<10

<10

<1(I

<10

<10

<1(I

<10

<10

<10

4

6

33

<3

9

<3

<3

<3

<3

3

<3

<3

<3

<3

<3

<10

<10

<1(J

<10

<10

<1(I

<10

<1(J

<]()

7

5

8

<3

17

<3

<3

<3

5

<3

Copper

Cobalt-cont.

o

0

0

0

0

0

0

0

0

0

0

0

0

0

.22

.07

1.73

0

.57

0

.0

0

.15

0

<1(I <10

<1(I <10

Iron

<10 <10

<1(I <10



Table 5. Results of replicate pairs of samples from selected wells and springs, eastern Snake River Plain, analyzed for trace elements—Continued

Dissolvedconcentration Total concentration, Di.wolvedconcentration, Total concentration,
NWQL NWQL IDHWL IDHWL

(lJ@) (!4YL) (WJL) (lwi!~)
Site Date

identifier sampled MV QA Z-valne Remark MV QA Z-valne Remark MV QA MV QA

MV-27(28)

MV-7(8)

MV-33(34)

MV-43(44)

MV-61(60)

MV-4(8)

MV-24(28)

MV-40(34)

MV-46(44)

& MV-36(60)

MV-21(8)

MV-10(28)

MV-56(34)

MV-38(44)

MV-55(60)

MV-24(28)

MV-40(34)

MV-46(44)

MV-36(60)

MV-21(8)

MV-10(28)

MV-56(34)

MV-38(44)

MV-55(60)

8115/89

8/16/89

8/17/89

8/22/89

9/14/89

8/13/90

8/12/91

8/15/91

6/23192

7129/92

8/4/93

8/11/94

8/9[94

7124195

7126195

8/12/91

8/15/91

6123/92

7129192

8/4193

8/11/94

8/9/94

7/24195

7/26/95

<1

2

1

1

2

<1

<1

1

<1

<1

<1

<1

<1

<1

<1

51

13

12

6

14

43

24

6

26

1

1

3

1

2

<1

<1

2

<1

<1

<1

<1

<1

<1

<1

51

13

12

6

17

46

24

8

23

Lead

o

.31

.61

.00

.00

0

0

.31

0

0

0

0

0

0

0

.00

.00

.00

.00

.72

.40

,00

.63

.58

<5

<5

<5

<5

Lithium

10

10

<5 <5 <5

na <5 na

<5

<5

10

10
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Table 5. Results of replicate pairs of samples from selected wells and springs, eastern Snake River Plain, analyzed for trace elements—Continued

Dissolvedconcentration Total concentration, Dissolvedconcentration, Total concentration,
NWQL NWQL IDHWL IDHWL
(P@J) (I@J (I@) (M@)

Site Date
identifier sampled MV QA Z-value Remark MV QA Z-value Remark MV QA MV QA

MV-24(28)

MV-40(34)

MV-46(44)

MV-36(60)

MV-21(8)

MV-10(28)

MV-56(34)

MV-38(44)

MV-55(60)
*a

MV-24(28)

MV-40(34)

MV-46(44)

MV-36(60)

MV-21(8)

MV-10(28)

MV-56(34)

MV-38(44)

MV-55(60)

MV-27(28)

MV-7(8)

MV-33(34)

MV-43(44)

MV-61(60)

MV-4(8)

8/12/91

8/15/9 1

6123192

7129/92

814193

8/1 1/94

8/9/94

‘7124195

7126/95

8/12/91

8/15191

6123192

7129192

8/4/93

8/1 1/94

8/9/94

7124195

7126195

8/15/89

8/16/89

8/17/89

8122189

9/14/89

8/13/90

<10

<10

10

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

1

<1

<1

<1

I

<1

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

<10

<1(J

<10

<10

<10

<10

<1(J

<10

<1

<1

<1

<1

1

<1

Molybdenum

o

0

0 <10 <1(I

o <10 <1(I

o

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

.00
0

Nickel

Selenium

<10

<10

<10

<10



Table 5. Results of replicate pairs of sampies from selected weiis and springs, eastern Snake River Piain, anaiyzed for trace eiements—Continued

Dissolvedconcentration Total concentration, Dissolvedconcentration, Total concentration,
NWQL NWQL IDHWL IDHWL
(I’@) (Pg/L) (W@) (i%~)

Site Date
identifier sampled MV QA Z-valne Remark MV QA Z-value Remark MV QA Mv QA

MV-24(28)

MV-40(34)

MV-46(44)

MV-36(60)

MV-21(8)

MV-10(28)

MV-56(34)

MV-38(44)

MV-55(60)
‘P+

MV-27(28)

MV-7(8)

MV-33(34)

MV-43(44)

MV-61(60)

MV-4(8)

MV-24(28)

MV-40(34)

MV-46(44)

MV-36(60)

MV-21(8)

MV-10(28)

MV-56(34)

MV-38(44)

MV-55(60)

8/12/91

8/15/9 1

6/23192

7129192

814/93

8/1 1/94

8/9/94

7124195

7126195

8/15/89

8/16/89

8/17/89

8/22189

91i4189

8/13/90

8/12/91

8/15/91

6123192

‘7129/92

8/4/93

8/1 1/94

819/94

7124195

7126195

1

<1

<1

<1

<1

<1

<1

<1

<1

<1

1

<1

<1

<1

<1

<1

<1

<1

1

<1

<1

<1

<1

<1

1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

<1

2

<1

2

1

Selenium-cont.

0.00 <5 <5 <5 <5

0 <5 na <5 na

o <5 <5

0 <5 <5

0

0

0

0

0

0

-0

0

0

0

0

0

0

0

0

0

0

0

0

0

Silver

<1 <1

<1 na

<1 <1

<1 <1

<1 <1

<1 na



Table 5. Results of replicate pairs of samples from selected wells and springs, eastern Snake River Plain, analyzed for trace elements—Continued

Dksolved concentration Total concentration, Dissolvedconcentration, Total concentration,
NWQL NWQL IDHWL IDHWL
(I%@) (M@) (lJ@) (W@)

Site Date
identifier sampled MV QA Z-value Remark MV QA Z-value Remark MV QA Mv QA

Strontium

MV-4(8)

MV-24(28)

MV-40(34)

MV-46(44)

MV-36(60)

MV-21(8)

MV-10(28)

MV-56(34)

MV-38(44)

MV-55(60)

MV-24(28)

MV-40(34)

MV-46(44)

MV-36(60)

MV-21(8)

MV-10(28)

MV-56(34)

MV-38(44)

MV-55(60)

MV-24(28)

MV-40(34)

MV-46(44)

MV-36(60)

MV-21(8)

8/13/90

8/12/91

8/15/91

6/23/92

7129192

8/4/93

8/11/94

8/9{94

7124!95

7/26/95

8/12/91

8/15/91

6/23/92

7129192

8/4/93

8/11/94

819/94

7/24/95

7/26/95

8/12/91

8/15/91

6/23192

7/29192

8/4/93

300

430

160

150

210

170

350

200

160

190

6

8

9

7

8

7

8

<6

8

3

4

<3

<3

7

280

440

160

150

210

170

360

200

160

190

<6

8

9

7

8

<6

7

<6

7

7

7

<3

30

10

0.92

.32

.00

.00

.00

.00

.38

.00

.00

.00

,00

.00

.00

.00

0

.28

0

.28

.61

.45

0

4.09

.44

Zinc

N

170

210

Vanadium

I

11

<10

<2

<2

160

200

10
<10



Table 5. Results of replicate pairs of samples from selected wells and springs, eastern Snake River Plain, analyzed for trace elements—Continued

Dissolvedconcentration Total concentration, Dissolvedconcentration, Total concentration,
NWQL NWQL IDHWL IDHWL

(M@) (I.@) (I?i@) (1’@-J
Site Date

identifier sampled MV QA Z-value Remark MV QA Z-value Remark MV QA Mv QA

Zinc-cent.

MV-10(28) 8/11/94 <3 <3 0

MV-56(34) 8/9194 30 28 .24

MV-38(44) 7/24195 6 5 .15

MV-55(60) 7/26195 7 <3 .61



Table 6. Results of replicate pairs of samples from selected wells and springs, eastern Snake River Plain,
analyzed for gross radioactivity and radionuclides

[Analyses performed by the U.S. Geological Survey National Water Quality Laboratory (NWQL) and the Idaho State University (ISU)
Environmental Monitoring Laboratory. Site identified water-quality sample identifier followed by quality-assurance identifier in
parentheeeq see figure2 forlocationofsites. Z-value see sectionon statisticalcomparisonsfor explanation. Remark no entry,
analytical results of replicate paire are statistically equivalent N, the analytical results are not statistically equivalent. Uncertainties
are reported as the two-sigma precision estimate. Abbreviations PCA, picocurie per Iitecpg/L,microgramper Iitec MV, water-
quality sample; QA, quality-assurance replicate sample)

Concentration
Site Date

identiler sampled Mv QA Z-value Remark

Grossalpha radioactivity, as dissolvedthonum-230, NWQL (pCfi)

MV-27(28)

MV-7(8)

MV-33(34)

MV-43(44)

MV-61(60)

MV41(8)

MV-24(28)

MV-40(34)

MV-46(44)

MV-36(60)

MV-21(8)

MV-10(28)

MV-56(34)

MV-38(44)

MV-55(60)

MV-27(28)

MV-7(8)

MV-33(34)

MV-43(44)

MV-61(60)

MV-4(8)

MV-24(28)

MV-40(34)

MV-46(44)

MV-36(60)

MV-21(8)

MV-10(28)

MV-56(34)

MV-38(44)

MV-55(60)

8/15/89 4.OWO.80 2.45*0.56 3.36

8/16/89 2.46+0.62 1.91+0.87 1.03

8/17/89 .681+0.462 2.07k0.51 4.04

8/2189 5.OHO.92 5.56M.00 .81

9/14/89 11.2+1.6 2.94k0.63 9.61

8/13/90 4.07*1.09 2.79&0.845 1.86

8/12/91 3.53+1.00 3.69*1.03 .22

8/15/91 1.63W.691 1.66+0.689 .06

6/23/92 1.lWO.535 1.27A0.554 .44

7/29192 2.IOM3.699 2.39&0.801 .55

8/4/93 1.93*1.11 1.79*1.12 .18

8/11/94 3.22t2.14 2.32*1.97 .62

8/9/94 1.11*1.01 1.58*1.15 .61

7/24/95 1.62KL26 1.01=.08 .40

7126/95 -.808*1.44 3.20f2.71 2.71

Gross alpha radioactivity, as dissolveduraniu~ NWQL Q@)

8/15/89 3.73*0.73 2.24M.51 3.35

8/16[89 2.22+0.56 1.7330.79 1.01

8/17/89 .623k0.423 1.9M0.46 4.09

8/22/89 4.62M).85 5.06*0.91 .71

9114189 10.2%1.5 2.69k0.57 9.36

8/13/90 5.6til.51 4.04M.22 1.63

8/12/91 4.86*1.38 5.28M.46 .42

8/15/91 2.34*0.987 2.38k0.982 .06

6/23192 1.7!H0.843 1.84&0.798 .09

7/29/92 3.07*1.03 3.4MI.13 .43

814/93 2.75+1.59 2.34*1.47 .38

8/11/94 4.46&2.97 3.643.09 .38

819/94 1.59*1.45 2.23+1.63 .59

7/24195 2.12+2.95 1.32M!.72 .40

7126/95 -1.05~1.87 4.28+3.65 2.60

N

N

N

N

N

N

N

N

50



Table 6. Results of replicate pairs of samples from selected wells and springs, eastern Snake River Plain,
analyzed for gross radioactivity and radionuclides-Continued

Concentration
Site Date

identiler sampled M-v QA Z-value Remark

MV-27(28)

MV-7(8)

MV-33(34)

MV-43(44)

MV-61(60)

MV-4(8)

MV-24(28)

Mv-4q34)

MV-46(44)

MV-36(60)

MV-27(28)

MV-7(8)

MV-33(34)

MV-43(44)

MV-61(60)

MV+(8)

MV-24(28)

MV40(34)

MV-46(44)

MV-36(60)

NIV-24(28)

MV-46(44)

MV-36(60)

MV-21(8)

MV-10(28)

MV-56(34)

MV-38(44)

MV-55(60)

MV-27(28)

MV-7(8)

MV-33(34)

MV43(44)

Gross alpha radioactivity, as suspended uraniu~ NWQL Q@L)

8/15/89 0.025+0.042 0.007*0.015 0.81

8/16189 .006+0.013 -.003*0.046 .38

8/17189 .031+0.042 .034*0.030 .14

8/2189 .003+0.033 .025+0.041 .84

9/14/89 .148&0.080 -.032*0.081 3.16

8113190 -.27ti0.318 -.166&0.278 .52

8112/91 -.121~0.235 -.120~0.232 .01

8/15/91 -.23&0.281 -.l17k0.228 .62

6/23192 -.30250.384 .OltiO.387 1.14

7/29/92 .084&0.253 -.094k0.365 .80

Gross alpha radioactivity, as suspended thorium-230, NWQL (pCfi)

8/15/89 .025k0.041 .007+0.015 .82

8116189 .006k0.012 -.003k0.046 .38

8/17/89 .03H0.041 .033H.030 .12

8122f89 .003%0.032 .024MI.040 .85

9/14/89 .145&1078 -.031+0.080 3.17

8/13/90 -.148+0.180 -.087*0.150 .52

8/12/91 -.06&0.130 -.063*0.124 .03

8/15/91 -.13ti0.166 -.065*0.128 .62

6123/92 -.163k0.213 .005*0.203 1.14

7/29/92 .046&0.142 -.050+0.197 .79

Gross alpha radioactivity, as total americium-241, ISU (pCi/L)

8/12/91 -2.4~.() -4.2j+l.2 .82

6123t92 &E2 &2 .00

7/29192 w 0+2 .00

814193 1+1 1*1 .00

8/11/94 1*4 -2*1.O 1.46

8/9/94 m (M2 1.11

7/24/95 2*5 &kfi .57

7126195 -2+5 -3*5 .28

Gross beta radioactivity, as dissolvedcesium-137,NWQL (pCi/L)

8/15/89 6.81+1.04 6.47*1.17 .43

8/16/89 4.6&0.77 3.37k0.65 2.48

8/17/89 4.82*0.78 4.92&0.77 .18

8122189 10.1WI.71 11.9H.O 1.37

N

N

N

51



Table 6. Results of replicate pairs of samples from selected wells and springs, eastern Snake River Plain,
analyzed for gross radioactivity and radionuciides-Continued

Site
Concentration

Date
identifier sampled Mv QA Z-value Remark

Gross beta radioactivity, as dissolvedcesium-137,NWQL (pCi/L)-cent.

MV-61(60) 9/14/89 4.65&0.85 3.86k0.72 1.42

MV-4(8) 8/13/90 7.38*1.67 5.94*1.40 1.32

MV-24(28) 8/12/91 10.6H.59 11.9H.86 .67

MY-40(34) 8/15/91 4.11*1.19 4.36*1.25 .29

MV-46(44) 6/23/92 4.17*1.25 2.79M).959 1.75

MV-36(60) 7/29/92 4.80+1.18 4.63M.17 .20

MV-21(8) 814193 3.65+1.19 5.63*1.55 2.03

NIV-IO(28) 8/11/94 9.93*1.96 9.03kl.88 .66

MV-56(34) 8/9/94 5.21*1.24 4.53*1.15 .80

MV-38(44) 7/24/95 4.7M3.85 7.57*4.16 1.01

MV-55(60) 7126/95 8.46&4.25 4.39*3.87 1.42

Gross beta radioactivity, as dissolved strontium-90 in equilibrium with yttrium-90, NWQL (pCilL)

N

MV-27(28)

MV-7(8)

W-33(34)

MV-43(44)

MV-61(60)

MV-4(8)

MV-24(28)

MV-40(34)

MV-46(44)

MV-36(60)

MV-21(8)

MV-10(28)

MV-56(34)

MV-38(44)

MV-55(60)

MV-27(28)

MV-7(8)

W-33(34)

MV-43(44)

MV-61(60)

MV-4(8)

8/15/89

8/16/89

8/17/89

8/22/89

9/14/89

8/13/90

8/12/91

8/15/91

6/23/92

7/29/92

8/4/93

8/11/94

819194

7/24/95

7126/95

6.65*1.02

3.94+0.66

4.30MI.70

8.61*1.46

3.96k0.72

5.48*1.24

8.l&kl.98

3.020.756

3.13*0.776

3.66*0.899

2.66k0.750

7.48+1.48

3.91*0.933

3.61+2.90

6.5M3.11

5.67*1.02

2.83N.54

4.45+0.70

11.2M1.90

3.37k0.62

4.51*1.07

8.9M2.14

3.2a0.795

2.0950.652

3.47ko.877

4.O!MO.912

6.7M1.40

3.43*0.869

5.81+3.06

3.32&2.88

1.36

2.60 N

.30

2.16 N

1.24

1.18

.56

.36

2.05

.30

2.42

.76

.75

1.04

1.51

Gross beta radioactivity, as suspended cesium-137,NWQL (pCi/L)

8/15/89 -.15720.268 .00tiO.260 .84

8116/89 .138&0.278 -.137+0.257 1.45

8117f89 .008*0.256 .044&0.248 .20

8/22/89 .095?0.240 .172+0.249 .45

9/14/89 .353k0.268 .183+0.265 .90

8/13/90 .009*0.512 -.20750.549 .58

N

N
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Table 6. Results of replicate pairs of samples from selected wells and springs, eastern Snake River Plain,
analyzed for gross radioactivity and radionuclides-Continued

Concentration
Site Date

identiler sampled Mv QA Z-value Remark

Gross beta radioactivity, as suspeuded cesium-137,NWQL (pCi/L)-cent.

MV-24(28) 8/12/91 0.553k0.508 0.05953.468 1.43

MV-40(34) 8/15/91 .207k0.460 -.182N.496 1.18

MV46(44) 6/23192 .11%0.511 .308MM45 .56

MV-36(60) 7/29/92 .481*0.506 .348*0.471 .38

Gross beta radioactivity, as suspended strontium-90 in equilibrium with yttrium-90, NWQL (pCi/L,)

MV-27(28)

MV-7(8)

MV-33(34)

MV-43(44)

MV-61(60)

MV-4(8)

MV-24(28)

MV40(34)

MV-46(44)

MV-36(60)

MV-24(28)

MV-46(44)

MV-36(60)

MV-21(8)

MV-10(28)

MV-56(34)

MV-38(44)

MV-55(60)

MV-27(28)

MV-7(8)

W-33(34)

MV43(44)

MV-61(60)

MV-4(8)

MV-24(28)

MV-40(34)

MV-46(44)

MV-36(60)

8/15/89

8/16/89

8/17/89

8f22f89

9114189

8/13/90

8i12191

8/15/91

6/23192

7129/92

8/12/91

6/23192

7/29/92

8/4/93

8/11/94

819194

7/24/95

7/26195

8/15/89

8/16/89

8/17/89

8122f89

9/14189

8/13190

8/1.2/91

8/15/91

6123J92

7/29/92

-.164&0.280 .00CMO.272

.144*0.290 -.14350.268

.008*0.267 .046&0.259

.09%0.251 .180*0.260

.357ML271 .18&0.260

.008k0.498 -.195*0.519

.52!M0.486 .057+0.456

.200%0.446 -.177MI.482

.112*0.483 .295ti.426

.46M0.484 .33%0.458

Gross beta radioactivity, as total cesium-137,ISU (pCi/L)

1.4+5.0 4.1+5.0

24 3*4

ti4 4&4

lfi 5~

5+J 4+2

3*2 X2

3~ 4*2

4*2 5fl

Radon-222, NWQL (pCfi)

lfi36 -19k34

8&9 49++6

43*47 39+45

8M39 104*4O

5~4 .8f13

24~5 31+24

43*31 81~2

56*42 137s7

137*33 134*33

236?40 268?43

.84

1.45

.20

.45

.94

.56

1.42

1.15

.57

.36

.76

.35

.71

1.41

.71

.71

.71

.71

1.25

2.11

.12

.86

.78

.33

1.71

3.24

.13

1.09

N

N



Table 6. Results of replicate pairs of samples from selected wells and springs, eastern Snake River Plain,
analyzed for gross radioactivity and radionuclides-Continued

Concentration
Site Date

identifier sampIed w QA Z-value Remark

Radium-226, by radon emanation, NWQL (pCi/L)

MV-27(28)

MV-7(8)

MV-33(34)

MV43(44)

MV-61(60)

MV-4(8)

MV-24(28)

MV-40(34)

MV-46(44)

MY-36(60)

MV-27(28)

MV-7(8)

MV-33(34)

W-43(44)

MV-61(60)

MV-4(8)

MV-24(28)

MV-40(34)

MV-46(44)

MV-36(60)

MV-27(28)

MV-7(8)

MV-33(34)

MV-43(44)

MV-61(60)

MV-4(8)

MV-24(28)

MV-40(34)

MV-46(44)

MV-36(60)

MV-27(28)

MV-7(8)

8/15/89

8/16/89

8/17/89

8122/89

9/14/89

8/13/90

8/12/91

8/15/91

6123/92

7/29/92

8/15/89

8/16/89

8/17/89

8122/89

9/14189

8/13/90

8/12/91

8/15/91

6/23/92

7/29/92

8/15/89

8/16/89

8/17i89

8/22/89

9/14/89

8113/90

8/12/91

8/15/91

6/23/92

7/29192

8/15/89

8/16/89

0.073H.018 0.064M.015

.1lXO.024 .147+0.026

.065t0.015 .048+o.o13

.09M0.022 .069&0.019

.085+0.017 .096+0.019

.058&0.018 .079k0.016

.03tio.oo9 .032+0.012

.027k0.011 .028*0.011

.035*0.014 .049&o.o15

.024*0.008 .061*0.013

Radium-228, by beta counter, NWQL (pCi/L)

.57~&65 .579+1.07

.17*0.59 .0354.62

.4!M-I.03 .46&().691

1.43*1.05 .81~().72

.618+0.623 -.116*0.784

.18X0.498 .071N.460

.600M3.574 .113M3.337

.213M3.312 .265*0.304

.227&0.296 .226*0.283

.100+0.275 .216*0.340

Uranium, NWQL Qug/L)

3.59+0.38 3.88+0.61

1.78k0.33 1.86*0.29

2.08k0.22 1.97t0.21

7.oOil.05 6.86k0.98

5.75+0.61 2.97k0,59

3.3550.503 3.40+0.510

3.35*0.503 3.31*0.497

1.48M.221 1.5950.239

1.36*0.205 1.65+0.247

3.1&o.474 3.lWO.465

Strontium-90, NWQL (pCi/L)

.27+0.17 .09*().17

1.15k0.26 .130+0.191

54

0.77

1.98

1.71

1.51

.86

1.74

.27

.13

1.36

4.85

.01

.33

.04

.97

1.47

.33

1.46

.24

.00

.27

.81

.36

.72

.19

6.55

.14

.11

.68

1.81

.18

1.50

6.32

N

N



Table 6. Results of replicate pairs of samples from selected wells and springs, eastern Snake River Plain,
analyzed for gross radioactivity and radionuclides-Continued

Site
Concentration

Date
identifier sampled Mv QA Z-value Remark

Strontium-90, NWQL (pCi/L)-cent.

MV-33(34)

MV-43(44)

MV-61(60)

MV4(8)

MV-24(28)

MV-40(34)

MV-46(44)

NIV-36(6O)

MV-21(8)

MV-10(28)

MV-56(34)

MV-38(44)

MV-55(60)

MV-24(28)

MV-46(44)

MV-36(60)

MV-27(28)

MV-7(8)

MV-33(34)

MV-43(44)

NIV- 61(6O)

NIV-4(8)

MV-24(28)

MV-40(34)

MV-46(44)

MV-36(60)

MV-21(8)

MV-10(28)

MV-56(34)

MV-38(44)

MV-55(60)

MV-27(28)

NIV-7(8)

MV-33(34)

8/17/89

8/22/89

9/14189

8t13190

8/12/91

8/15/91

6/23192

7/29/92

8/4/93

8/1 1/94

8/9/94

7f24195

7126195

8/12/91

6/23192

7/29/92

8/15/89

8116/89

8/17189

8f22f89

9/14/89

8/13/90

8112/91

8/15/91

6123f92

7/29/92

814f93

8/1 1/94

819194

7124195

7/26/95

8/15/89

8/16189

8/17/89

0.27+0.16 0.16*O.17

.010+0.051 -.06+().17

2.9350.40 .06*0 .18

.M3M).215 .037&0.229

.055*0.195 .21&0.233

.02&0.196 .060&0.238

-.007*0.145 .05B0.204

-.001*O.207 .136~0.270

.04$H0.201 .026*0.220

.23ti0.263 .336&0.294

.28&k0.276 .273Mh273

.212++.271 .311M.303

.134*0.261 .238k0.255

Strontium-90, ISU (pC~)

tio.2 -2.7+1.0

-2.3+1.4 -3.9+1.0

.4j@.8 -.4*1.6

Tntiuw NWQL (pCi/L)

44.&25.6 64.WJ5.6

-3.2k25.6 3.%25.6

3.X25.6 3.2~5.6

samplelost 73.6ti5.6

3.X25.6 19.2S15.6

4.67M.57 4.96k0.57

82.6*5.76 90.6S.76

13.7+0.9 14.2H.96

11.8~1.02 10.3*O.77

58.2kk3.84 60.2t3.84

14.2*0.96 13.$%0.90

35.53ti.56 40.96+2.56

7.81~0.576 8.80+0.704

40.OWJ.56 37.44*2.56

7.648?0.768 8.06454.832

70k220 -26W?O0

-120S!20 4(M220

-21OH2O -70+220

0.94

.79

13.09

.17

1.02

.25

.47

.81

.16

.53

.04

.49

.57

5.40

1.86

.89

1.06

.35

.00

.88

.72

1.96

.76

2.35

.74

.46

3.00

2.18

1.41

.73

2.12

1.03

.90

N

N

N

N

N

N
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Table 6. Results of replicate pairs of samples from selected wells and springs, eastern Snake River Plain,
analyzed for gross radioactivity and radionuclides-Continued

Concentration
Site Date

identifier sampled M-V QA Z-value Remark

Tritium, ISU (pCi/L)

MV43(44) 8122f89 -9C&220 1l&L220 1.29

MV-61(60) 9/14/89 -10(H22O -3(w220 .45

MV-24(28) 8/12/91 23&E220 90++20 .90

MV46(44) 6123/92 26&200 W200 1.84

MV-36(60) ‘7/29/92 -4&200 60tJO0 .71

MV-21(8) 814/93 -1OM1OO -1OW1OO .00

MV-10(28) 8/11/94 1O(K2OO -lo&kJoo 1.41

MV-56(34) 8/9/94 -300&200 -1OOM?OO 1.41

MV-38(44) 7124/95 4&120 15M120 1.30

MV-55(60) 7/26/95 80k120 9W120 .12



Table 7. Results of replicate pairs from selected wells and springs, eastern Snake River Plain, analyzed for
gamma radiation

[Analyses performed by the U.S. Geological Suwey National Water Quality Laboratory (NWQL) and the Idaho State University
(ISU) Environmental Monitoring Laboratory. Site identified water-quality sample identifier followed by quality-assurance identifier
in parentheses; see figure 2 for Iooation of sites. Z-value: see section on statistical comparisons for explanation. Remark:
no entry, analytical results of replicate paire are statistically equivalent N, the analytical resuhs are not statistically equivalent
na, not analyzed. Abbreviations pCiiL,pioocurieper Iitec MV, waterquality sample; (2A, quality assurance replicate sample;
nr, no result reported; naa, no analyses available]

Concentration

Site Date
(pci/L)

identiler sampled Mv QA Z-value Remark

NIV-27(28)

MV-7(8)

MV-33(34)

MV-43(44)

MV-61(60)

MV-24(28)

MV-40(34)

MV-46(44)

MV-36(60)

MV-27(28)

MV-7(8)

MV-33(34)

MV-43(44)

MV-61(60)

MV-21(8)

MV-4(8)

MV-24(28)

MV-40(34)

MV-46(44)

MV-36(60)

MV-24(28)

MV-40(34)

MV-46(44)

MV-36(60)

MV-21(8)

MV-10(28)

MV-56(34)

MV-38(44)

MV-55(60)

8115189

8/16/89

8/17/89

8/22/89

9/14/89

8/12/91

8/15/91

6123/92

7129192

8/15/89

8/16/89

8/17/89

8i22f89

9/14/89

8104/93

8113/90

8i12191

8/15/91

6/23/92

7129/92

8/12/91

8/15/91

6123/92

7129192

8104/93

8/1 1/94

8109194

7124/95

7/26/95

Potassium-40, NWQL

m 9.43*1.94
2.44+1.51 1.3%1.39

m naa

nr m

5.68*1.27 2.84*1.42

m m

3.27S.47 m’

m m

1.48M.36 1.56+3.22

Cobalt-60, NWQL

m nr

m nr

nr naa

m nr

.31*0.08 nr

Cobalt-60, ISU
2.1*1.2 1.1*1.2

Cesium-137,NWQL

m .013+0.103

.057*0.115 -.039+0.096

.014*0.097 -.063k0.094

.007MJ087 .014+0.090

.031*0.096 -.051~0.092

Cesium-137, ISU
1*2 3*2

l= naa
.3*2.2 .4fl.4

.5ti.2 .=1.8

-1.1*1.2 1.Okl.2

2.(E2.8 -4.2+2.7

&!i2.6 1.W2.7

2.45ti.94 2.43*2.18

2.36&3.74 -.44*2.00

.59

1.28

1.14

.11

1.24

.06

.21

1.24

3.19 N

.53

.01

1.32
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Table 7. Results of replicate pairs from selected wells and springs, eastern Snake River Plain, analyzed for
gamma radiation-Continued

Concentration

Site Date
(pci/L)

identifier sampled Mv QA Z-value Remark

MV-7(8)

MV-27(28)

MV-33(34)

MV-43(44)

MV-61(60)

MV-4(8)

MV-24(28)

MV-40(34)

MV-4(8)

MV-24(28)

W-40(34)

MV-27(28)

MV-7(8)

W-33(34)

MV-43(44)

MV-61(60)

MV-4(8)

MV-4(8)

MV-24(28)

MV-40(34)

MV-27(28)

MV-7(8)

MV-33(34)

MV-43(44)

MV-61(60)

MV-27(28)

MV-7(8)

MV-33(34)

MV-43(44)

MV-61(60)

MV-46(44)

MV-36(60)

8/16/89

8/15/89

8/17/89

8122189

9/14/89

8/13/90

8/12/91

8/15/91

8/13/90

8/12/91

8/15/91

8/15/89

8/16/89

8/17/89

8122189

9/14/89

8/13/90

8/13/90

8/12/91

8/15/91

8/15/89

8116189

8/ 17/89

8/2189

9/14/89

8/15/89

8/16/89

8/17/89

8122/89

9/14/89

6123f92

7/29/92

Lead-212, NWQL

o.204&o.101 0.806*0.137 7.07 N

nr .683&0.166

nr naa

.754*0.441 nr

m nr

nr nr

.227H1133 nr

m nr

Lead-214, NWQL

.318*0:244 m

m nr

m nr

B~mnth-212, NWQL

m nr

m m’

nr naa

N nr

In- nr

m nr

Bismuth-214,NWQL

m nr

nr nr

m nr

Radium-224, NWQL

.722ti.089 .828&0.202

.245&0.122 .965*O.164

.722&0.202 naa

.875H.511 .237f0.110
.91Ao.18 .284+0.112

Radium-226, NWQL

nr m

m nr

m naa

m- nr

.39to.14 m

.351t0.196 .317+0.200

m nr

.96

7.04 N

2.44 N

5.91 N

.24



Table 7. Results of replicate pairs from selected wells and springs, eastern Snake River Plain, analyzed for
gamma radiation-Continued

59

Concentration

site Date
(pCti)

identiler sampied MV QA Z-value Remark

.51

Radium-228, NWQL

MV-27(28) 8/15189 nr 0.571+0.369

MV-7(8) 8116189 .457k0.259 nr

MV-33(34) 8117/89 m naa

MV-43(44) 8122/89 nr nr

MV-61(60) 9/14/89 m .393k0.233

Thorium-234, NWQL

MV-27(28) 8/15/89 m 10.O6*I.13

MV-7(8) 8/16/89 4.09*1.09 3.72*0.94

MV-33(34) 8/17/89 9.52M.15 naa

MV43(44) 8122189 m 1.92*0.52

MV-61(60) 9/14/89 m 3.38*0.96

Uranium-235, NWQL

MV-46(44) 6123192 nr m

MV-36(60) 7/29/92 m nr

Uranium-238, NWQL

MV-46(44) 6/23/92 nr nr

MV-36(60) 7129/92 m .497*0.175

.



Table 8. Results of replicate pairs of samples from selected wells and springs, eastern Snake River Plain,
analyzed for organic carbon and anionic sutfactants as methylene blue active substances

[Analyses performed by the U.S. Geologiosl Survey National Water Quality Laboratory. Site identified waterquality sample identitler
followed by quality-assurance identifier in parentheses; see figure 2 for location of sites. Z-value see section on statistical
comparisons for explanation. Remark no entry, analytical results of replicate pairs are statistically equivalent N, the analytical
results are not statistically equivalent. Abbreviations: mg/L, milligram per Men MV, wsterquality samplw QA, quality-assurance
replicate sample; WWR, whole water, recoverable. Symbol: C,the result was less than the indicated reporting level]

Concentration
(m@)

Site identifier Date sampled M-v QA Z-value Remark

MV-61(60)

MV-4(8)

MV-24(28)

MV-40(34)

MV-46(44)

MV-36(60)

MV-21(8)

MV-10(28)

MV-56(34)

MV-38(44)

MV-55(60)

MV-27(28)

MV-7(8)

MV-33(34)

MV43(44)

MV-61(60)

MV-4(8)

MV-24(28)

MV-40(34)

MV-46(44)

MV-36(60)

MV-21(8)

MV-10(28)

MV-56(34)

MV-38(44)

MV-55(60)

Dissolvedorganic carbon

9/14/89 0.4 0.5

8/13/90 1.1 1.2

8/12/91 2.3 2.4

8/15/91 .5 .4

6123/92 .2 .2

‘7/29/92 .6 .5

8/4/93 .3 1.2

8/11/94 .9 .9

8/9/94 .4 .4

7/24/95 .3 .3

7126/95 .3 .4

WWR anionic surfactants as methylene blue active substances

8/15/89 .05 .05

8/16/89 .01 .02

8/17/89 .01 .01

8122189 .08 .09

9/14/89 <.01 .02

8/13/90 .04 .04

8/12/91 .07 .08

8/15/91 <.01 <.01

6/23192 <.01 <.01

7129/92 .02 .02

8/4/93 .01 .01

8111/94 <.02 <.02

8/9/94 <.02 <.02

7/24/95 <.02 <.02

7/26/95 <.02 <.02

0.48

.49

.50

.48

.00

.48

4.37

.00

.00

.00

.48

.00

4.47

.00

.83

4.47

.00

.94

0

0

.00

.00

0

0

0

0

N

N

N

60



Table 9. Results of replicate pairs of samples from selected wells and springs, eastern Snake River Plain, analyzed for volatile organic compounds

[Analyses performed by the U.S. Geological Survey National Water Quality Laboratory. Site identified water-quality identifier followed by quality-assurance identifier in
parentheses; see figure 2 for location of sites. Z-value: see section on statistical comparisons for explanation. Remark: no entry, analytical results of replicate pairs are statistically
equivalent N, the analytical results are not statistically equivalent. Abbreviations: pg/L, microgram per Iiten MV, water-quality samplw QA, quality-assurance replicate sample. Symbol:
c, the result was less than the stated value, Numbers in bold indicate the results were at or above their respective reporting limits]

Concentration Concentration Concentration
(W@) (I@J)

Site Date
(lJ@)

Identifier sampled MV QA Z-value Remark MV QA Z-value Remark MV QA Z-value Remark

MV-27(28)

MV-7(8)

MV-33(34)

MV-43(44)

MV-61(60)

MV-4(8)

m MV-24(28)

MV-40(34)

MV-46(44)

MV-36(60)

MV-21(8)

MV-10(28)

MV-56(34)

MV-38(44)

MV-55(60)

MV-27(28)

MV-7(8)

MV-33(34)

MV-43(44)

MV-61(60)

MV-4(8)

MV-36(60)

8/15/89

8/16/89

8/17/89

8122189

9/14/89

8/13/90

8/12/9 1

8/15/91

6123192

7129192

814193

8/1 1/94

8/9/94

7124195

7/26/95

8/15/89

8/16/89

8/17/89

8/22/89

9/14/89

8/13/90

7/29192

<().2

<.2

<.2

<.2

<.2

<.2

<.2

<.2

<.2

<.2

<.2

<.2

<.2

<.2

<.2

<.2

<.2

<.2

<.2

<.2

<,2

<.2

Benzene

<0,2 0

<.2 0

<.2 0

<,2 0

<.2 0

<.2 0

<.2 0

<.2 0

<.2 0

<.2 0

<.2 0

<.2 0

<,2 0

<.2 0

<.2 0

1,1,1-Trichloroethane

<.2 0

<.2 0

<.2 0

<.2 0

<.2 0

<.2 0

<,2 0

<0.2

<.2

<.2

<.2

<.2

<,2

<.2

<.2

<.2

<.2

<.2

<.2

<.2

<.2

<.2

<.2

<.2

1.0

<.2

<.2

<.2

<.2

Ethylbenzene

<(),2 o

<,2 0

<.2 0

<.2 0

<,2 0

<.2 0

<.2 0

<.2 0

<.2 0

<.2 0

<.2 0

<,2 0

<.2 0

<.2 0

<.2 0

l,2,4-Trimethylbenzene

<.2 0

<.2 0

.7 1.76

<.2 0

<.2 0

<,2 0

<.2 0

<(),2

<.2

<.2

<,2

<.2

<.2

<.2

<.2

<.2

<.2

<.2

<.2

<,2

<.2

<.2

<.2

<.2

.4

<.2

<.2

<.2

<.2

n-Propylbenzene

<0,2 0

<.2 0

<.2 0

<.2 0

<.2 0

<.2 0

<.2 0

<.2 0

<.2 0

<.2 0

<.2 o“

<.2 0

<.2 0

<.2 0

<.2 0

l,3,5-Trimethylbenzene

<.2 0

<.2 0

.2 3.44 N

<,2 0

<.2 0

<.2 0

<.2 0
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Table 9. Results of replicate pairs of samples from selected wells and springs, eastern Snake River Plain, analyzed for volatile organic
compounds—Continued

Concentration Concentration Concentration
(M&) (I@) (Pm)

Site Date
Identifier sampled MV QA Z-valne Remark MV QA Z-value Remark MV QA Z-value Remark

MV-27(28)

MV-7(8)

MV-33(34)

MV-43(44)

MV-61(60)

MV-4(8)

MV-24(28)

MV-40(34)

MV-46(44)

MV-36(60)

MV-21(8)

MV-10(28)

MV-56(34)

MV-38(44)

MV-55(60)

8/4193

8/ 11/94

8/9194

7/24/95

7126195

8/15/89

8/16/89

8/17189

8/22/89

9/14/89

8/13/90

8/12/9 1

8/15/91

6/23/92

1,1,1-Trichloroethane-cent. 1,2,4-Trimethylbenzene-cent. 1,3,5-Trimethylbenzene-cent.

MV-21(8)

MV-10(28)

MV-56(34)

MV-38(44)

MV-55(60)

7/29/92

814193

8/1 1/94

8/9/94

7124195

7/26/95

<(-).2

<.2

<.2

<.2

<.2

<.2

<.2

<.2

<.2

1.0

<,2

<.2

<.2

<.2

<,2

<.2

<.2

<.2

<.2

<.2

<0.2 0

<.2 0

<.2 0

<.2 0

<,2 0

Toluene

<.2 0

<.2 0

%2 o

<.2 0

.9 .68

<.2 0

<.2 0

<.2 0

<.2 0

<.2 0

<.2 0

<.2 0

<.2 0

<.2 0

<.2 0

<.02

<.2

<.2

<.2

<.2

<.2

<,2

.2

.4

<.2

<.2

<.2

<.2

<.2

<.2

<.2

<.2

<.2

<.2

<.2

<0.2 0 <0.2 <(3.2 o

<.2 0 <.2 <.2 0

<.2 0 <.2 <.2 0

<.2 0 <.2 <.2 0

<.2 0 <.2 <.2 0

Xylene

<.2 0

<.2 0

.4 4.07 N

.4 .00

<.2 0

<.2 0

<.2 0

<.2 0

<.2 0

<j! o

<.2 0

<.2 0

<.2 0

<.2 0

<.2 0



Table 10. Results of replicate pairs of samples from selected wells and springs, eastern Snake River Plain, analyzed for pesticides

[Analyses performed by the U.S. Geological Survey National Water Quality Laboratory. Site identified water-quality sample identifier followed by quality-assurance
identifier in parentheses; see figure 2 for location of sites. Z-value:see section on statistical comparisons for explanation. Remark: no entry, analytical results of
replicate pairs are statistically equivalent; 1,statistical equivalence of the analytical results of the replicate pairs is indeterminate. Abbreviation: vgL microgram per
Iiten MV, water-quality sampkx (2A, quality assurance replicate sample. Symbol: C, the result was less than the indicated reporting level]

Concentration Concentration Concentration

(Pm) (1.@’J (I@J)
Site Date

identifier sampled MV QA Z-valne Remark MV QA Z-value Remark MV QA Z-value Remark
.—
Herbicides

MV-27(28)

MV-7(8)

MV-33(34)

MV-43(44)

MV-61(60)

m MV-4(8)
w

MV-24(28)

MV-40(34)

MV-46(44)

MV-36(60)

MV-21(8)

MV-10(28)

MV-56(34)

MV-38(44)

MV-55(60)

MV-27(28)

MV-7(8)

MV-33(34)

MV-43(44)

MV-61(60)

MV-4(8)

MV-24(28)

8/15/89

8/16/89

8/17/89

8/22/89

9/14/89

8/13/90

8/12191

8/15/91

6123192

7129192

814193

8/1 1/94

8/9194

7124195

7126195

8/15/89

8/16189

8/17/89

8/22/89

9114/89

8/13/90

8/12/91

<0.1

<.1

<.1

<,1

<. I

<.1

<.1

<.1

<.1

<.1

<.1

.003’

<.017

<.017

<.017

Atrazine

<0.1 0

<.1 0

<.1 0

<.1 0

<.1 0

<.1 0

<.1 0

<.1 0

<.1 0

<.1 0

<.1 0

.005’

<.017 0

,004’

<.017 0

<().()1

<,01

-=.01

<.01

<.01

<.(-l1

<.01

<.(J1

<.(J]

<.01

<.01

I <.01

<,01

I <.01

<.01

EPTC
<.1

<.1

<,1

<.1

<.1

<. I

<,1

2,4-D Desethylatrazine

<0.01 0

<.01 0

<.01 0

<.(J1 0

<.01 0

<.01 0

<.01 0

<.01 0

<.01 0

<.01 0

<.01 0

<.01 0

<.01 0

<.01 0

<.01 0

Metribuzin

<.1 0

<.1 0

<.1 0

<.1 0

<.1 0

<.1 0

<.I o

0.002’ <().()05 I
<.005 <.()()5 o

<.()()5 .005 I

<.005 <.005 0

Pebulate



Table 10. Results of replicate pairs of samples from selected wells and springs, eastern Snake River Plain, analyzed for pesticides-Continued

Concentration Concentration Concentration
(lJ!@) (Vw) (I’@)

Site Date
identifier sampled MV QA Z-value Remark MV QA Z-value Remark MV QA Z-value Remark

Herbicides-cont.

MV-40(34)

MV-46(44)

MV-36(60)

MV-21(8)

MV-10(28)

MV-56(34)

MV-38(44)

MV-55(60)

~
MV-27(28)

MV-7(8)

MV-33(34)

MV-43(44)

MV-61(60)

MV-4(8)

MV-24(28)

MV-40(34)

MV-46(44)

MV-36(60)

MV-21(8)

MV-10(28)

MV-56(34)

MV-38(44)

MV-55(60)

8/15/91

6/23/92

7129/92

8/4193

811/94

8/9/94

7124/95

7/26/95

8/15/89

8/16/89

8/17/89

8[22/89

9/14/89

8i13190

8/12/91

8/15/91

6[23/92

7/29/92

8/4/93

8/11/94

819/94

7/24/95

7/26195

<0.005

<.()()5

<.005

<.005

<,1

<,1

<.1

<.1

<.1

<.1

<.1

<.1

<.1

<.I

<.1

<.oO8

<,oO8

<,008

<,oO8

EPTC-cent. Metribuzin-cent. Pebnlate-cent.

<().1 <().1 0

<.I <.1 0

<().()()5 o <.012 <.012 0

<.005 0 <.012 <.012 0

<.005 0 <.012 <.012 0

<.005 0 <.012 <.012 0

Simazine

<0.009 <().()()9 o

<.009 <.009 0

<.()()9 <.009 0

<,009 <.009 0

<.1

<.1

<.1

<.1

<.1

<.1

<,1

<.1

<.1

<.1

<.1

<.01)8

<,()()8

<.008

<.008

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
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Table 12. Results of replicate pairs of samples from selected wells and springs, eastern Snake River Plain,
analyzed for stable isotopes

[Analyses performed by the U.S. Geological Survey National Water Quality Laboratory. Site identified waterquality sample identifier
followed by qualii-asaurance identifier’in parentheses; see figure 2 for location of sites. Z-value see section on statistical
comparisons for explanation. Remark: no entry, analytical results of replicate pairs are statistically equivalent N, the analytical
results are not statistically equivalent. Abbreviations: MV, watarquality sample; QA, quality-assurance replicate sample. Symbol:
.3,parts per thousand difference between a sample and a standard expressed as per roil]

Site Date Stable isotope

identifier sampled Mv QA Z-value Remark

MV-21(8)

MV-10(28)

MV-56(34)

MV-38(44)

MV-55(60)

MV-21(8)

MV-10(28)

MV-56(34)

MV-38(44)

MV-55(60)

MV-21(8)

MV-10(28)

MV-56(34)

MV-38(44)

MV-55(60)

MV-21(8)

MV-10(28)

MV-56(34)

MV-38(44)

MV-55(60)

MV-21(8)

MV-10(28)

MV-56(34)

MV-38(44)

MV-55(60)

8/4/93

8/11/94

8/9194

7/24/95

7126/95

814/93

8/11/94

819194

7/24/95

7/26195

8/4J93

8/11/94

8/9/94

7/24/95

7/26/95

8/4/93

8/11/94

8/9/94

7/24/95

7/26/95

814193

8/11/94

819/94

7/24195

7/26195

5 ‘Hydrogen, (per roil)

-135f2 -135*2

-133X2 -133=

-135H -137*2

-134fi -133k2

-138fi -136+2

8180xygen, (per roil)

-17.98*0.2 -17.9+0.2

-17.26t0.2 -17.3+0.2

-17.81*0.2 -17.81~0.2

-17.34&0.2 -17.65k0.2

-17.85k0.2 -17.85*0.2

513Carbon, (per roil)

-6.3~o.3 -11*().3

-11+0.3 -11.1*0.3

-10.4*0.3 -10.HO.3

-12.lkO.3 -12.20.3

-10.530.3 -10.3+0.3

834Sulfur, (per roil)

11.5*0.2 11.9*0.2

12.3&0.2 12.3&0.2

14.1+0.2 14.2*0.2

10.7*0.2 10.8*O.2

13.8&0.2 13.8k0.2

815Nitrogen, (per roil)

5.tiO.2 5.~0.2

3.!%0.2 3.2*o.2

4.4k0.2 4.1*0.2

4.l*o.2 5SM0.2

5.4k0.2 5.1+0.2

0.00
.00
.71

.35

.71

.38

.14

.00
1.10

.00

11.08

.24

.47

.24

.47

N

.57

.00

.14

.14

.00

.00
2.47 N

1.06

3.18 N

1.06

67
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Table 13. Results of source-solution blanks analyzed for major ions

[Analyses performed by the U.S. Geological Survey National Water Quality Laboratory. ldentifiec see section on blanks for
explanation. Abbreviations: mg/L, milligram per liter. Symbol: C, the result was lees than the stated value. Number in bold indioates
the result exceeded two standard deviations]

Date Concentration
IdentMer prepared (m@L)

Calcium Magnesium Sodium

W-22 11/02/90 0.07 0.04 <(),2

MV-22 8/1 1/93 !17 .02 <.2

Potassium Sulfate Chloride

MV-22 11/02/90 <.1 <1 .2

W-22 8/11/93 <.1 <1 <.1

Fluoride Bromide Silica

MV-22 11/02/90 <.1 <.01 .2

NIV-22 8/11/93 <.1 <.01 <.01

68



Table 14. Results of source-solution blanks and an equipment blank analyzed for dissolved nutrients,
cyanide, and organic carbon; and anionic surfactants as methylene blue active substances

[Analyses performed by the U.S. Geologiosl Survey National Water QuaIii Laboratory. Identifier see sedlon on blanks for
explanation. Abbreviations: mg/L, milligram per liten MBAS, anionic surfsctsnts as methylene blue active substances; na, no
analysis. Symbol: % the result was less than the stated value. Numbers in bold indicate the results exoeeded two standard
deviations]

Date Concentration
Identiler prepared (m@)

Source-solution blanks

Ammonia, Nitrite plus nitrate, Nitnt~ Orthophosphat&
as nitrogen as nitrogen as nitrogen as phosphorous

MV-22 8/19f89 0.02 <(). 1 <().()1 0.01

MV-22 11/02/90 .01 <.1 <.01 .02

MV-22 8/1 1/93 .02 <.05 <.() 1 <.01

%

Dissolved
Cyanide organic carbon Totsl ~A’s

W-22 8/19/89 na na .02

MV-22 11/02/90 <.01 .5 .01

NIV-22 8/1 1/93 na <.1 <.01

Equipment blank

Mv- 11/12/92 na <.1 na
62(C)



Table 15. Results of source-solution blanks analyzed for trace eiements

[Analyses performed by the U.S. Geological Survey National Water Quality Laboratory. All analyses are for dissoived trace elements, except for whole water, recoverable (wwR)
chromium. Identifier see section on blanks for explanation. Abbreviations: vg/L, microgram per Iitec na, no anaiysis. Symbol: <, the result was less than the stated vaiue]

Date
Identifier prepared Concentration ( @L)

MV-22

MV-22

MV-22

MV-22

MV-22

MV-22
.

MV-22
+o MV-22

MV-22

MV-22

MV-22

MV-22

MV-22

MV-22

MV-22

8/19/89

11/02/90

8/11/93

8/19/89

11/02/90

8/11/93

8/19/89

11/02/90

8/1 1/93

8/19/89

11/02/90

8/1 1/93

8/19/89

11/02/90

8/1 1/93

Aluminum

na

na

<10

Chromium

2

1

<1

Iron

na

4

<3

Manganese

na

na

<1

Vanadium

na

na

<6

Arsenic

<1

<1

<1

Chromium, hexavalent

na

<1

<5

Lead

<1

2

<1

Nickel

na

na

<]

Zinc

na

na

5

Barium

<2

<2

<2

Chromium, WWR

na

<1

<1

Lithium

na

na

<4

Selenium

<1

<1

<1

Beryllium

na

na

<.5

Cobalt

na

na

<3

Mercury

<.1

<,1

<,1

Siiver

<1

<1

<1

Cadmium

<1

<1

<1

Copper

na

na

<lr)

Molybdenum

na

na

<10

Strontium

na

na

.7



Table 16. Results of equipment blanks analyzed for trace elements

[Analyses performed by the Idaho Department of Health and Welfare Laboratory. All analyses are for dissolved traoe elements. Identifier: see section on blanks for explanation.
Abbreviations: pg/L, microgram per Iitec na, no analysis. Symbols: <, the result was less than the stated value]

Date Concentration
Identifier prepared (W@)

Aluminum Arsenic Barium ‘ Beryllium Cadmium

MV-62 8/15/91 na <10 <100” <5 <1

MV-62(A) 6/24/92 <100 <10 <100 <5 <1

MV-62(B) 7130192 <100 <10 <100 <5 <1

Chromium Cobalt Copper Iron Lead

MV-62 8/15/91 <3 na na na <5

MV-62(A) 6/24/92 <2 <10 <10 <1(I <5

MV-62(B) 7/30/92 <2 <10 <10 <10 <5

Lithium Manganese Mercury Molybdenum Nickel

MV-62 8/15/91
4

na na <.5 na na

MV-62(A) 6124192 <10 <10 <.5 <1(I <10

MV-62(B) 7/30/92 <10 <10 <.5 <10 <]0

Selenium Silver Strontium Vanadium Zinc

MV-62 8/15/91 <5 <1 na na na

MV-62(A) 6/24192 <5 <1 1.7 <10 <2

MV-62(B) 7/30/92 <5 <1 <1 <1(I <2



Table 17. Results of source-solution blanks analyzed for gross radioactivity and radionuclides

[Analyses by the U.S. Geological Survey National Water Quality Laboratory except for one tritium sample, which was analyzed by Idaho State University (ISU) Environmental MonitOrin9
Laboratory. Reported uncertainties are twice the standard deviation. Identifier: see section on blanks for explanation. Abbreviations: pg/L, microgram per Iitec pCi/L, picocurie per Iitec
na, no analysis, Numbers in bold indicate the results exceeded two standard deviations]

Date
Identifier prepared Concentration

Gross alpha, dissolved, Gross alpha, dissolved, Gross alpha, suspended, Gross alpha, suspended,
as uranium,

(M@)

MV-22 8/19/89 1.14*0.35

NW-22 11/02/90 .135*0.344

NW-22 8/11/93 -.125*O.21O

Gross beta, dissolved,
as cesium-137,

(pCi/L)

NIV-22 8/19/89 .19*().32
+N MV-22 11/02/90 -.158f0.311

MV-22 8/11/93 .016f0.287

Radon-222,
(pci/L)

NIV-22 8/19/89 11*49

MV-22 11/02/90 53*41

MV-22 8/11/93 na

Uranium, total isotopic,
(vg/L)

MV-22 8/19/89 .00+0,00

MV-22 11/02/90 .OO3*O.O1O

as thorium-230,
(pcfi)

1.23&0.38

.092*0.235

-.070*0.118

Gross beta, dissolved,
as strontium-90/yttrium-90

(pCi/L)

.17k0.28

-.157*0.308

.017k0.297

Strontium-90,
(pci/L)

.060*0.200

.333*0.320

.342f0.152

Radium-224,
(pCm)

.850*0.170

na

as uranium,
(I-@)

0.038+0.045

-.096&0.373

na

Gross beta, suspended,
as cesium-137,

(pcin)

-.015&0.263

-.398*0.518

na

Tritium,
(pci/L)

41.6+25.6

16,650+570

18.3+1.22

Radium-226,
(pci/L)

.078+0.018

.086*0.016

as thorium-230,
(pci/L)

0.037*0.044

-.05*0.198

na

Gross beta, suspended,
as strontium-90/yttrium-90

(pci/L)

-.016k0.275

-.376+0.489

na

Tritium, ISU,
(pci/L)

8&t220

na

na

Radium-228,
(pcm)

.707k0.694

.121+0.398



Table 18. Results of source-solution blanks anaiyzed for gamma radiation

[Anaiyses performed by the U.S. Geological Survey National Water Quality Laboratory. Identified see section on blanks for explanation. Abbreviations: pCi/L, picocurie per iitec nr, no
result reported. Numbers in bold indioste the results exceeded two standard deviations]

Date Concentration
Identifier prepared (pCi/L)

Cobalt-60, Potassium-40, Radium-224, Radium-226, Cesium-137
(pci/L) (pci/L) (pci/L) (pCi/L) (pCm)

MV-22 8/19/89 0.36t0.09 5.88*1.36 0.85f0.178 0.53*0.15 nr

NIV-22 11/02/90 nr nr nr nr -.031*O.110



Table 19. Results of source-solution and equipment blanks analyzed for volatile organic compounds

[Analyses performed by the U.S. Geological Survey National Water Quality Laboratory and the Idaho Department of Health and
Weli%re Laboratory (IDHWL). Identifier see section on blanks for explanation. Abbreviation: wg/L, microgram per liter. Symbols <,
the result was less than the stated value; -, compound was not deteoted. Numbers in bold indicate the results exceeded two
standard deviations]

Date Concentration
IdentWer prepared (L@)

Chloroform Methylene chloride

Source-solution blanks, NWQL

W-22 8/19/89 0.5 . <0.2

W-22 11/02/90 <.2 <.2

MV-22 8/11/93 <.2 .3

Equipment blanks, IDWHL

MV-62 8/15/91 .220 -.

MV-62(A) 6/24192 .- .-

MV-62(B) 7/30192 -. --

74



Table 20. Results of an equipment blank Q&NW, analyzed for volatile organic compounds

[Analyses performed by the U.S. Geological Survey National Water Quality Lsboreto~. Identified see section on blanks for
explanation. Abbreviation: pg/L, microgram per liter. Numbers in bold indicate the results exceeded two standard deviations]

Date Concentration
Identitler prepared (I.@)

Benzene Ethylbenzene Methylene chIoride Styrene

QA-MV 12/14/89 0.2 0.3 0.3 0.2

l,l,l-Tn-
chloroethane Toluene Xylene

QA-MV 12/14/89 .2 .7 4.3



Table 21. Upper-tail areas for a normal curve

[The statistical table was compiled by J.W. Stegeman (Ot& 1993, p. A-3). The level of signiilcance (or p-value) is the
area and must be multiplied by two for two-tailed tests. Number in bold is the level of significance for a one-tailed
test when z equals 1.96]

z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09

.5000 .4960 .4920 .4880 .4880 .4801 .4761 .4721 .4681 .46410.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.90

1.00
1.10

1.20

1.30

1.40

1.50

1.60

1.70

1.80

1.90

2.00

2.10

2.20

2.30

2.40

2.50

2.60

2.70

2.80

2.90

3.00

.4602

.4207

.3821

.3446

.3085

.2743

.2420

.2119

.1841

.1587

.1357

.1151

.0968

.0808

.0668

.0548

.0446

.0359

.0287

.0228

.0179

.0139

.0107

.0082

.0062

.0047

.0035

.0026

.0019

.0013

.4562

.4168

.3783

.3409

.3050

.2709

.2389

.2090

.1814

.1562

.1335

.1131

.0951

.0793

.0655

.0537

.0436

.0351

.0281

.0222

.0174

.0136

.0104

.0080

.0060

.0045

.0034

.0025

.0018

.0013

.4522

.4129

.3745

.3372

.3015

.2676

.2258

.2061

.1788

.1539

.1314

.1112

.0934

.0778

.0643

.0526

.0427

.0344

.0274

.0217

.0170

.0132

.0102

.0078

.0059

.0044

.0033

.0024

.0018

.0013

z

.4483

.4090

.3707

.3336

.2981

.2643

.2327

,2033

.1762

.1515

.1292

.1093

.0918

.0764

.0630

.0516

.0418

.0336

.0268

.0212

.0166

.0129

.0099

.0075

.0057

.0043

.0032

.0023

.0017

.0012

3.500

4.000

4.500

5.000

.4443

.4052

.3669

.3300

.2946

.2611

.2296

.2005

.1736

.1492

.1271

.1075

.0901

.0749

.0618

.0505

.0409

.0329

.0262

.0207

.0162

.0125

.0096

.0073

.0055

.0041

.0031

.0023

.0016

.0012

.4404

.4013

.3632

.3264

.2912

.2578

.2266

.1977

.1711

.1469

.1251

.1056

.0885

.0735

.0606

.0495

.0401

.0322

.0256

.0202

.0158

.0122

.0094

.0071

.0054

.0040

.0030

.0022

.0016

.0011

Area

.4364

.3974

.3594

.3228

.2877

.2546

.2236

.1949

.1685

.1446

.1230

.1038

.0869

.0721

.0594

.0485

.0392

.0314

.0250

.0197

.0154

.0119

.0091

.0069

.0052

.0039

.0029

.0021

.0015

.0011

.00023263

.00003167

.00000640

.00000029

.4325

.3936

.3557

.3192

.2843

.2514

.2206

.1922

.1660

.1423

.1210

.1020

.0853

.0708

.0582

.0475

.0384

.0307

.0244

,0192

.0150

.0116

.0089

.0068

.0051

.0038

.0028

.0021

.0015

.0011

.4286

.3897

.3520

.3156

.2810

.2483

.2177

.1894

.1635

.1401

.1190

.100.

.0838

.0694

.0571

.0465

.0375

.0301

.0239

.0188

.0146

.0113

.0087

.0066

.0049

.0037

.0027

.0020

.0014

.0010

.4247

.3859

.3483

.3121

.2776

.2451

.2148

.1867

.1611

.1379

.1170

.0985

.0823

.0681

.0559

.0455

.0367

.0294

.0233

.0183

.0143

.0110

.0084

.0064

.0048

.0036

,0026

.0019

.0014

.0010
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Table 22. Volatile organic compounds, Chemical Abstracts Sewice (CAS) Registry numbers, minimum
reporting levels, and years analyzed

The minimum reporting levels are 0.2 micrograms per liter except where notad (Rose and Schroeder, 1995 Timme, 1994,1995)]

CAS Registry
Compound number 1989-1991 1992 1993 1994 1995

Aeroleini

Acrylonitrilel

Benzene

Bromobenzene

Bromochloromethane

Bromodichloromethane

Bromoform

Bromomethane

n-Butylbenzene

sec-Butylbenzene

tert-Butylbenzene

Carbontetrachloride

Chlorobenzene

Chloroethane

2-ChloroethyIvinyl ethe?

Chloroform

Chloromethane

2-Chlorotoluene

4-Chlorotoluene

Dibromochloromethane

1,2-Dibromo-3-chloropropsne2

1,2-Dibromoethsne

Dibromomethsne

1,2-Dichlorobenzene

1,3-Dichlorobenzene

1,4-Dichlorobenzene

Dichlorodifluoromethsne

1,1-Dichloroethane

1,2-Dichloroethane

1,1-Dichloroethene

cis-1,2-Dichloroethene

frans-1~-Dichloroethene

1,2-Dichloropropane

1,3-Dichloropropane

2,2-Dichloropropsne

1,l-Dichloropropene

cis- 1,3-Dichloropropene

tram- 1,3-Dichloropropene

107-02-8

107-13-1

71-43-2

108-86-1

74-97-5

75-27-4

75-25-2

74-83-9

104-51-8

135-98-8

98-06-6

56-23-5

108-90-7

75-00-3

110-75-8

67-66-3

74-87-3

95-49-8

106-43-4

124-48-1

96-12-8

106-93-4

74-95-3

95-50-1

541-73-1

106-46-7

75-71-8

75-34-3

107-06-2

75-35-4

156-59-4

156-60-5

78-87-5

142-28-9

590-20-7

563-58-6

10061-01-5

10061-02-6

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x
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Table 22. VolWe organic compounds, Chemical Abstracts Service (CAS) Registry numbers, minimum
repotilng levels, and years analyzed-Continued

CAS Registry
Compound number 1989-1991 1992 1993 1994 1995

Ethylbenzene 100-41-4 x x

Hexachlorobutadiene 87-68-3 x

Isopropylbenzene 98-82-8 x

p-kopropyltoluene 99-87-6 x

Methylenechloride 75-09-2 x x

Methyltert-butylethe? 1634-04-4 x

Naphthalene 91-20-3 x

n-J?ropylbenzene 103-65-1 x

Styrene 100-42-5 x x

1,1,1,2-Tetrachloroethane 630-20-6 x

1,1,2,2-Te@chloroethane 79-34-5 x x

Tetrachloroethene 127-18-4 x x

Toluene 108-88-3 x x

1,2,3-Trichlorobenzene , 87-61-6 x

1,2,4-Trichlorobenzene 120-82-1 x

1,1,l-Tnchloroethane 71-55-6 x x

1,1,2-Trichloroethane 79-00-5 x x

TrichIoroethene 79-01-6 x x

Trichlorofluoromethane 75-69-4 x x

1,2,3-Trichloropropane 96-18-4 x

1,1,2-TrichIoro1Z,2-trifluoromethane3 76-13-1 x

1,2,4-Trimethylbenzene 95-63-6 x

1,3,5-Trimethylbenzene 108-67-8 x

Vinylchloride 75-01-4 x x

Xylenes(meta-)4 108-38-3 x x

(para-) 106-42-3 x x

(ortho-) 95-47-6 x x

‘Thereportinglevelis20 microgramper liter.

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

2Therepordnglevelis1 microgram perliter.
31n1995, the repordng levelwaschangedhorn0.5 to 0.2 microgram perliter.
4Xyknes sre reportedssatotalofmets,Pamandortho.



Table 23. Pesticides and gross polychlonnated compounds, Chemical Abstracts Service (CAS) Registry
numbers, minimum reporting levels, and years analyzed

Minimum reporting levels (MRL’s) are in micrograms per liter (Pritt and Jones, 1989 A.C.Wattersonand A.T.Ksshuba,U.S.
Geological Survey, written commun., 1993; P.J. Timme, 1994, 1995) Beginning in 1994, lower MRL’s (in parentheses) were used]

CAS Registry
Compound number 1989-1992 1993 1994 1995

Whole water, recoverable pesticides

Acetochlor

Alachlor

Aldicab

Aldicarbsufone

Aldicarbsulfoxide

Aklrin

Ametrym

Atrazine

Azinphosmethyl-

13aygon(l%opoxur)

Benfluralin

Brornacil

Butachlor

Butylate

Carbsryl (Sevin)

Carbofuran

Carboxin

Chlordsne

Chlorpyrifos(Dursbsn)

Cyanszine

Cycloate

2,4-D

Dacthal(DCPA)

p,p‘-DDD

p,p‘-DDE

p,p‘-DDT

Deethylatrazine

Deisopropylatrazine

Diszinon

Diekkin

Diethylaniline

Dimethoate

Diphenamid

Disulfoton(Di-syston)

2,4-DP

Endosulfan

Endrin

34256-82-1

15972-60-8

116-06-3

1646-88-4

1646-87-3

309-00-2

834-12-8

1912-24-9

86-50-0

204-043-8

1861-40-1

314-40-9

23184-66-9

2008-41-5

63-25-2

1563-66-2

5234-68-4

57-74-9

2921-88-2

21725-46-2

1134-23-2

94-75-7

1861-32-1

72-54-8

72-55-9

50-29-3

6190-65-4

1007-28-9

333-41-5

60-57-1

579-66-8

60-51-5

957-51-7

298-04-4

120-36-5

115-29-7

72-20-8

(0.009)
.1(.009)
.5
.5
.5
.01

.1

.1 (.017)

(.038)

.5

(.013)

.2

.1

(.008)

.5 (.046)

.5 (.013)

.2

.1

.01 (.005)

.1 (.013)

.1

.01

(.004)

.01 (.010)

.01

.01

.2 (.007)

.2

.01 (.008)

.01 (.008)

(.006)

(.024)

.1

.01 (.028)

.01

.01

.01

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x
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Table 23. Pesticides and gross poiychlorinated compounds, Chemical Abstracts Service (CAS) Registry
numbers, minimum repotiing levels, and years analyzed-Continued

CAS Registry
Compound number 1989-1992 1993 1994 1995

Eptam(EPTC) 759-94-4 (.005)

Ethalfluralin

Ethion

Ethoprop

Ethylparathion

Fonofos

HCH, alpha-

HCH,gamma-(Lindane)

Heptachlor

Heptachlorepoxide

Hexszinone

3-Hydroxycarbofimm

Linuron

Malathion

Methiocarb

Ivfethomyl

Methoxychlor

Methylparathion

Methyltrithion

Metolachlor

Metribuzin

Mirex

Molinate

1-Naphthol

Napropamide

Oxalnyl

Parathion

Pebulate

Pendimethalin

c&Perrnethrine

Perthane

Phorate

Prometon

Prometryn

Pronarnide

Propachlor

Propanil

Propargite

Propazine

55283-68-6

563-12-2

13194-48-4

‘56-38-2

944-22-9

319-84-6

58-89-9

76-44-8

1024-57-3

51235-04-2

16655-82-6

330-55-2

121-75-5

2032-65-7

16753-77-5

72-43-5

298-O-O

953-17-3

51218-45-2

21087-64-9

2385-85-3

2212-67-1

90-15-3

15299-99-7

23135-22-0

56-38-2

1114-71-2

40487-42-1

61949-76-6

72-56-O

298-02-2

1610-18-0

7287-19-6

23950-58-5

1918-16-7

709-98-8

2312-35-8

139-40-2

(.013)
.01

(.012)
(.022)
.01(.008)
(.007)
.01 (.011)

.01

.01

.2

.5

(.039)

.01 (.010)

.5

.5

.01

.01 (.035)

.01

.I (.009)

.1 (.012)

.01

(.007)

.5

(.010)

.5

.01

(.009)

(.018)

(.019)

.1

.01 (.011)

.1

.1

(.009)

.1 (.015)

(.016)

(.006)

.1

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x
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Table 23. Pesticides and gross polychlorinated compounds, Chemical Abstracts Service (CAS) Registry
numbers, minimum repo~lng levels, and years analyzed-Continued

C.4S Registry
Compound number 1989-1992 1993 1994 1995

PropargiteI & II 13071-79-9 (.011) x

Propham 122-42-9 .5 x x x

Sirnazine 122-34-9 .1 (.008) x x x x

Simetryn 1014-70-6 .1 x x

2,4,5-T 93-76-5 .01 x x x x

Tebuthiuron 34014-18-1 (.015) x x

Terbacil 5902-51-2 .2 (.030) x x x

Terbufos 13071-79-9 (.012) x x x

Thiobencarb 28249-77-6 (.008) x x

2,4,5-TP(Silvex) 93-72-1 0.01 x x x

Toxaphene 8001-35-2 1.0

x

x x x x

Triallate 2303-17-5 (.008) x x

Tribufos(DEF) 78-48-8 .01 x x x

Trifluralin 1582-09-8 .1 (.012) x x x x

Trithion 786-19-6 .01 x x x x

Vemolate 1929-77-7 .1 x

Gross polychlonnated compounds

Polychlorinatedbiphenyls(PCB’S) 1610-18-0 .1 (.008) x x x x

Polychlorinatednaphthalenes(PCN’S) 7287-19-6 .1 x x x x



Table 24. We identifiera, site use, and years sampled

[Siteuse:1,irrigation;Sp, spring; P, public suPPlY;H, domestiq CM, quality assurance; S, stock; D, dairy C, oommencal; O,
observation]

Siie
identifier Site use 1989 1990 1991 1992 1993 1994 1995

MV-2

MV-3

MV-4

MV-5

MV-6

MV-7

MV-8

MV-9

Mv-lo

Mv-11

MV-12

MV-13

MV-14

MV-15

MV-16

W-17

MV-18

MV-19

MV-20
MV-21
MV-22

MV-23

MV-24

MV-25

MV-26

MV-27

MV-28

MV-29

MV-30

MV-31

MV-32

NIV-33

MV-34

MV-35

NIV-36

MV-37

MV-38

H

I

I

I

I

I

QA

I

I

I

D

I

H

Sp

Sp

Sp

Sp

Sp

I

D

QA

I

H

H

I

I

QA

I

c

I

H

H

QA

I

P

H

I

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

xMV-1 I

x

x

x

x

x

x x

x x

x

x x

x x

x x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x
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Table 24. Site identifiers, site use, and years sampied-Continued

Site
identifier Site use 1989 1990 1991 1992 1993 1994 1995

MV-39

MV-40

MV-41

MV-42

MV-43

MV-44

NW-45

MV-46

MV-47

NIV-48

MV-49

MV-50

MV-51

MV-52

.MV-53

kMV-54

MV-55

MV-56

W-57

MV-58

MV-59

MV-60

MV-6I

MV-62

MV-62(A)

NW-62(B)

MV-62(C)

I

“I

I

H

I

QA

1

I

D

o
s
I

H

H

H

H

I

H

s
s
s

QA

o

QA

QA

QA

QA

x

x

x

x

x

x

x

x

x

x

x

,x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x
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