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Evaluation of Preservation Methods for 
Selected Nutrients in Ground Water, 
Idaho National Engineering Laboratory, 
Idaho 

by Roy C. Bartholomay and Linda M. Williams 

Abstract 

Water from 28 wells completed in the Snake 
River Plain aquifer at the Idaho National Engineer- 
ing Laboratory (INEL) was sampled as part of the 
U.S. Geological Survey’s quality-assurance pro- 
gram to determine the effect of different preserva- 
tion methods on nutrient concentrations. Samples 
were preserved with filtration and with mercuric 
chloride and chilling, chilling only, or sulfuric acid 
and chilling. The samples were analyzed for 
ammonia, nitrite, nitrite plus nitrate, and ortho- 
phosphate by the U.S. Geological Survey National 
Water Quality Laboratory. The study was done in 
cooperation with the US. Department of Energy. 

The comparison between samples preserved 
with mercuric chloride and chilling and samples 
preserved by chilling only showed that all sample 
pairs were in statistical agreement. Results for 
ammonia and nitrite plus nitrate samples preserved 
with sulfuric acid and chilling were within the 
95-percent confidence level of the results for the 
samples preserved by the other two methods and 
can be considered equivalent to them. Results of 
this study indicate that discontinuing the use of 
mercuric chloride as a preservation method for 
nutrients in water samples will not affect the 
comparability of data collected at the INEL before 
and after October 1,1994. 

INTRODUCTION 

The Idaho National Engineering Laboratory 
(INEL), encompassing about 890 mi2 of the 
eastern Snake River Plain in Southeastern Idaho 
(fig. l), is operated by the U.S. Department of 

Energy (DOE). INEL facilities are used in the 
development of peacetime atomic-energy applica- 
tions, nuclear safety research, defense programs, 
and advanced energy concepts. Liquid-waste 
disposal has resulted in detectable concentrations 
of several waste constituents in water in the Snake 
River Plain aquifer underlying the INEL. The U.S. 
Geological Survey (USGS) project office at the 
INEL provides an independent assessment of the 
migration and fate of waste constituents in water in 
the Snake River Plain aquifer. 

Wastewater containing nitrate was injected to 
the Snake River Plain aquifer through the Idaho 
Chemical Processing Plant (ICPP) disposal well 
from 1952 to February 1984 and was discharged to 
the ICPP infiltration ponds after February 1984. An 
average of 56,000 lb of nitrate was discharged 
annually to the ICPP infiltration ponds during 
1989-91 (Bartholomay and others, 1995, p. 33). 
Background concentrations of nitrate as nitrogen in 
the Snake River Plain aquifer at the INEL gen- 
erally are less than 1.4 mg/L (Om and others, 1991, 
p. 46). Possible sources of excess nitrate in the 
aquifer at the INEL are the disposal of chemical 
wastes, such as nitric acid, and the disposal of 
sewage at the various facilities. The use of nitro- 
genous fertilizers in the farming areas near the 
INEL boundary also may be a source of excess 
nitrate in the aquifer. 

Purpose and Scope 

The USGS project office at the INEL collects 
water samples for nutrient analyses as part of the 
ongoing assessment of water quality in the Snake 
River Plain aquifer. Nutrients included in analyses 
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Figure 1. Location of the Idaho National Engineering Laboratory, selected facilities, and wells sampled for 
nutrients. 
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are dissolved ammonia, nitrite, nitrite plus nitrate, 
and orthophosphate. In the past, samples were pre- 
served by filtration and treatment with mercuric 
chloride and chilling to 4°C. Since October 1, 
1994, when the USGS Water Resources Division 
discontinued the use of mercuric chloride to reduce 
the hazards of handling this toxic material (D.A. 
Rickert, USGS, written commun., 1994), samples 
have been preserved either by chilling to 4"C, or by 
treatment with sulfuric acid and chilling to 4°C. 
Because of the change in preservation methods, the 
INEL project office evaluated the three preserva- 
tion methods to assure that nutrient data collected 
after October 1, 1994, are comparable to data 
collected prior to October 1, 1994. 

This study was done as part of the USGS's 
quality-assurance program in cooperation with the 
DOE to determine the effect of different preserva- 
tion methods on nutrient concentrations in ground 
water. Water samples were preserved by filtering 
through a 0.45 micron filter and treating with 
mercuric chloride and chilling, chilling only, or 
sulfuric acid and chilling. Samples were analyzed 
for nutrients by the USGS National Water Quality 
Laboratory (NWQL). 

Previous Investigations 

The USGS has conducted several studies con- 
cerning the quality assurance of water data at the 
INEL. Comparative studies to determine agree- 
ment among results for water-sample pairs 
analyzed by laboratories involved in the INEL 
project office quality-assurance program were 
summarized by Wegner (1989) and Williams 
(1996). Additional quality-assurance studies by 
personnel at the INEL project office include an 
evaluation of field-sampling and preservation 
methods for strontium-90 (Cecil and others, 1989), 
a comparison of different pump types used for 
sampling purgeable organic compounds (Knobel 
and Mann, 1993), and an analysis of tritium and 
strontium-90 concentrations in water from wells 
after purging different borehole volumes 
(Bartholomay, 1993). 

Patton and Truitt (1 995) conducted a study to 
find out if the addition of biocides-mercuric (11) 
chloride or sulfuric acid-to field-filtered samples 

resulted in improved stability of nutrient species 
during storage at 4°C for 1 month. The study, 
which included water samples from 11 surface- 
water sites and 3 ground-water sites, indicated that 
when biota were removed from samples at the 
collection site by 0.45-pm membrane filtration, 
subsequent addition of biocides was not needed. 
These results provided the basis for the USGS 
Office of Water Quality technical memorandum 
(D.A. Rickert, USGS, written commun., 1994) to 
discontinue adding mercuric chloride to nutrient 
samples as a field preservative. The former USGS 
policy of preserving nutrient samples with mer- 
curic chloride at the collection site was based on a 
prior study by Fishman and others (1986). 
Although bulk samples collected for the Fishman 
study were filtered before they were split into small 
bottles and preserved with biocides, the 10-pm 
nominal pore size of the filters used was too large 
to retain bacteria and phytoplankton. Because of 
the large pore size of the filters, water in the small- 
bottle splits probably retained much of its prefil- 
tration biological activity, and hence the necessity 
of adding a biocide for 16-day storage stability is 
unsurprising and does not contradict the more 
recent work of Patton and Truitt (1995). 

Geohydrologic Setting 

The eastern Snake River Plain is a northeast- 
trending structural basin about 200 mi long and 
50 to 70 mi wide (fig. 1). The basin, bounded by 
faults on the northwest and downwarping and 
faulting on the southeast, has been filled with 
basaltic lava flows interbedded with terrestrial 
sediments (Whitehead, 1986). Individual basalt 
flows average 20 to 25 ft in thickness with an 
aggregate thickness in places of several thousand 
feet. In areas of alluvial fan deposits, the sediments 
are composed primarily of sand and gravel, where- 
as in the areas where streams were dammed by 
basalt flows, the sediments are predominately silt 
and clay (Garabedian, 1986). The basaltic lava 
flows and interbedded sedimentary deposits com- 
bine to form the Snake River Plain aquifer, which 
is the main source of water on the plain. The 
altitude of the water table for the Snake River Plain 
aquifer in July 1991 ranged from about 4,585 ft 
above sea level in the northern part of the INEL to 
about 4,425 ft in the southwestern part (Barthol- 
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omay and others, 1995, p. 18). The corresponding 
depths to water below land surface ranged from 
about 200 ft in the northern part of the INEL to 
more than 900 ft in the Southeastern part. 

highest concentration of nitrate at the INEL; and 
water from USGS 15 and 17, north of the NRF (fig. 
2), has had the lowest concentrations at the INEL. 

Recharge to the Snake River Plain aquifer is 
principally from infiltration of applied irrigation 
water, infiltration of streamflow, and ground-water 
inflow from adjoining mountain drainage basins. 
Some recharge may occur from direct infiltration 
of precipitation, although the small annual precipi- 
tation (8 in. at the INEL), evapotranspiration, and 
the depth to water (in places exceeding 900 ft) 
probably minimize this source of recharge (Orr and 
Cecil, 1991, p. 22-23). 

The Big Lost River drains more than 1,400 mi2 
of mountainous area that includes parts of the Lost 
River Range and the Pioneer Range and White 
Knob Mountains west of the INEL (fig. 1). Water 
in the Big Lost River infiltrates to the Snake River 
Plain aquifer along its channel and at sinks and 
playas. Since 1958, excess runoff has been diverted 
to spreading areas in the southwestern part of the 
INEL, where much of the water rapidly infiltrates 
to the aquifer. Other surface drainages that 
recharge the Snake River Plain aquifer at the INEL 
include Birch Creek, Little Lost River, and Camas 
Creek (fig. 1) (Bartholomay and others, 1995, 
p. 18). 
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NIETHODS OF STUDY 

Well Selection 

Samples were collected from 28 selected 
wells; 15 in various locations throughout INEL 
(fig. l), and 13 near the Naval Reactors Facility 
(NRF) (fig. 2). The wells were selected to obtain a 
range of nutrient concentrations representative of 
the water at the INEL. Historically, water from 
USGS 43, near the ICPP (fig. l), has had the 

Sampling and Preservation Methods 

The methods used for collecting water samples 
generally followed guidelines established by the 
USGS (Stevens and others, 1975; Wood, 1981; 
Claassen, 1982; and Hardy and others, 1989). 
Twenty-four ground-water monitoring wells were 
sampled using dedicated submersible pumps, and 
four production wells (NRF-1, -2, -3, and -4) were 
sampled using line-shaft turbine pumps. The 13 
wells near the NRF were sampled and analyzed for 
nutrients using all three preservation methods- 
mercuric chloride and chilling, chilling only, and 
sulfuric acid and chilling-because the contractor 
at the NRF requests acid preservation for nutrient 
analyses. Analyses for orthophosphate and nitrite 
preserved with sulfuric acid were not included in 
the study because they routinely are not available 
from the NWQL. Preservation with acid is not 
required at the other 15 wells; therefore, samples 
from those wells were treated with mercuric 
chloride and chilling, and chilling only. 

Samples were collected either from a portable 
sampling apparatus at the wells with dedicated 
submersible pumps or from sampling ports on the 
discharge lines of the turbine pumps. All portable 
equipment was decontaminated before sampling at 
each site. Pre-cleaned Tygon tubing was used to 
connect a disposable capsule filter to the sample 
ports. One liter of well water was run through the 
0.45-micron filters prior to sample collection. The 
nutrient samples were collected sequentially: the 
samples to be preserved with mercuric chloride 
and chilling were collected first, the samples to be 
chilled only were collected next, and the samples 
to be preserved with sulfuric acid and chilling were 
collected last. After collection and addition of 
either mercuric chloride or sulfuric acid, sample 
containers were sealed with laboratory film, 
labeled, and stored under secure conditions in a 
refrigerator at 4°C. The water samples were placed 
in ice chests, sealed, and shipped as soon as 
possible by overnight-delivery mail to the NWQL. 
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Conditions at the well during sample collection 
were recorded in a field logbook and a chain-of- 
custody record was used to track samples from the 
time of collection until delivery to the analyzing 
laboratory. These records are available for inspec- 
tion at the USGS project office at the INEL. 

Analytical Methods 

Water samples were analyzed for ammonia, 
nitrite, nitrite plus nitrate, and orthophosphate by 
the NWQL using methods described by Fishman 
(1993). The laboratory methods used for each 
constituent were consistent for each preservation 
type. Laboratory instruments were calibrated using 
appropriate standards for each preservation type (J. 
Vasquez, USGS, oral commun., 1995). 

STATISTICAL COMPARISONS OF 
SAMPLE PAIRS 

If the standard deviations are known, it is pos- 
sible to determine, within specified confidence 
levels, whether the results of a pair of samples are 
statistically equal. If the standard deviations are 
unknown, approximations of the standard devia- 
tions are used for the statistical comparison. The 
comparison can be made using an adaptation of the 
equation to determine the standard deviate, Z, or 
the number of standard deviations the variable 
deviates from the mean (Volk, 1969, p.53, where 
Z is the ratio of the absolute 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 precision, 
associated with each of the results: 

(1) 

where: 

x is the result of the sample preserved with 

y is the result of the unpreserved sample, 
s, is the standard deviation of x, and 
sr is the standard deviation of y. 

mercuric chloride, 

When the population is distributed normally 
and the standard deviation is known, the analytical 
results of sample pairs can be considered statisti- 
cally equal at the 95-percent 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 to testing for nonequivalence. 
In other words, when 2 is less than or equal to 
1.96, the results are within approximately two 
standard deviations of each other. Equation 1 is the 
equation used to compare quality-assurance data 
from the INEL project office (Williams, 1996) and 
is essentially the equation used to compare 
replicate data in the USGS protocol for collecting 
and processing surface-water samples (Horowitz 
and others, 1995, p. 36). 

Equation 1 cannot be applied directly to results 
for which no standard deviations or uncertainties 
are reported. Because the NWQL did not report 
standard deviations for analyses for this study, 
approximations of standard deviations, or most 
probable deviations (MPD’s), were used. The 
USGS Branch of Quality Assurance (BQA) con- 
ducts a Blind Sample Program (BSP) in which 
reference samples disguised as environmental 
samples are submitted to the NWQL. Maloney and 
others (1993) described the program and evaluated 
the analytical results. The BSP data are stored in 
the QADATA program that is available through the 
USGS computer network (Lucey, 1990, p 1). The 
data and statistical analyses included in the 
QADATA program are used to derive linear least- 
squared equations that allow the calculation of an 
MPD at any concentration for most analyses. The 
linear least-squared equations were used to 
determine if the analytical results of the nutrient 
samples preserved with mercuric chloride and 
chilling and the samples preserved with chilling 
only were statistically equivalent by calculating an 
MPD for each result and substituting the MPD’s 
for the standard deviations in equation 1. Because 
these were approximate standard deviations, the Z- 
value of 1.96 was considered a guide to testing for 
nonequivalence. The linear least-squared equations 
used to determine the MPD’s are shown on table 1. 
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Nutrient samples preserved with sulfuric acid and 
chilling are not included in the BSP, and therefore, 
cannot be compared using this method. 

Comparisons of nutrient concentrations in 
samples preserved with mercuric chloride and 
chilling or chilling only are shown in tables 2-5. In 
many samples, the concentration of a specific con- 
stituent was less than the reporting level. If the 
concentrations of both samples in a pair were less 
than the same reporting level, it was assumed that 
the results were equivalent and the Z-value was 
reported as a zero. If, however, the reporting levels 
differed, or only one of the concentrations was less 
than the reporting level, one of two approaches was 
taken. The first approach was used when either 
both results were less than the reporting level and 
the reporting levels differed, or when one result 
was less than the reporting level and the other was 
at the reporting level. The second approach was 
used when one result was less than the reporting 
level and the other exceeded the reporting level. 

In the first approach, the MPD of each result 
was calculated at the reporting level using the 
linear regression equation for that analysis. To 
compare the two results using the precision associ- 
ated with them, the deviations were multiplied by 
1.96. If the range of the deviation included zero, 
the results were considered equivalent because any 
determination less than the reporting level was 
included in the 95-percent confidence level. For 
example, the results of analyses for ammonia in 
samples collected at USGS 4 were <0.01 mg/L for 
the sample preserved with mercuric chloride and 
chilling and <0.015 for the sample preserved with 
chilling only (table 2). The linear regression 
equation generated MPD’s of 0.02 m& and 0.07 
m&, respectively. Therefo 
mg/L had an MPD of 1.96 x 
95-percent confidence level or 0.01kO.04 m a ;  
and the other result, <0.015 m a ,  had an MPD of 
1.96 x 0.07 m a ,  or 0.015kO. 14 m@. Both 
ranges included zero; therefore, the results were 
considered equivalent. 

In the second approach, the MPD of the 
numerical value and the MPD of the value of the 
reporting level were substituted for the results in 
equation 1. For example, the results of analyses for 

ammonia in samples collected at USGS 17 were 
0.02 mg/L for the sample preserved with mercuric 
chloride and chilling and ~0.015 for the sample 
preserved with chilling only (table 2). The linear 
regression equation generated MPD’s of 0.02 m a  
and 0.07 mg/L, respectively. The Z-value, calcu- 
lated from equation 1, equaled 0.07. This value 
was less than 1.96 and, therefore, was within the 
95-percent confidence level, so the results were 
considered equivalent. 

COMPARISON OF NUTRIENT DATA 

Nutrient concentrations in samples preserved 
with mercuric chloride and chilling are compared 
with nutrient concentrations in samples preserved 
by chilling only in tables 2-5. Tables 6-7 show 
concentrations of nutrients in samples preserved 
with all three methods. 

The comparison of ammonia results for 
samples preserved with mercuric chloride and 
chilling and samples preserved by chilling only 
(table 2) indicates that concentrations in all of the 
sample pairs are statistically equivalent. The corre- 
lation coefficients for ammonia show that there 
was high variability in the chilled-only samples in 
the BSP. Even though the high variability resulted 
in large MPD’s, all the results of sample pairs 
analyzed for ammonia were within one standard 
deviation. Concentrations of ammonia in samples 
preserved with sulfuric acid and chilling (table 6) 
were within the 95-percent confidence level of the 
reporting levels for concentrations in samples pre- 
served by the other two methods and also may be 
considered equivalent to them. 

The comparison of nitrite results for samples 
preserved with mercuric chloride and chilling and 
samples 
indicate s in all samples were 
less than the reporting level and are statistically 
equivalent. The preservation of nitrite samples 
with sulfuric acid and chilling was not investigated 
because nitrite ions are unstable in acidic solutions 
(Brezonik and Lee, 1966). 

by chilling on€y (table 3) 

The comparison of nitrite plus nitrate results 
for samples preserved with mercuric chloride and 
chilling and samples preserved by chilling only 
(table 4) indicates that all the sample pairs are 
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statistically equivalent. Concentrations of nitrite 
plus nitrate in samples preserved with sulfuric acid 
and chilling (table 7) were within the 95-percent 
confidence level of the reporting levels for concen- 
trations in samples preserved by the other two 
methods and also may be considered equivalent to 
them. 

The comparison of orthophosphate results for 
samples preserved with mercuric chloride and 
chilling and samples preserved by chilling only 
(table 5 )  indicates that all the sample pairs are 
statistically equivalent. The correlation coefficients 
for orthophosphate show that there was high 
variability in the chilled-only samples in the BSP. 
Even though the high variability resulted in large 
MPD's, all the results of sample pairs analyzed for 
orthophosphate were within one standard devia- 
tion. Preservation of orthophosphate samples with 
sulfuric acid and chilling was not investigated 
because the NWQL does not routinely analyze for 
this method. 

CONCLUSIONS 

Concentrations of nutrients in water samples 
from 28 wells at the INEL were not affected 
measurably by the three preservation methods 
considered for this study. The concentrations of 
ammonia, nitrite, nitrite plus nitrate, and ortho- 
phosphate in field-filtered samples preserved by 
treating with mercuric chloride and chilling were 
statisti-cally equivalent to concentrations of the 
same nutrients in samples preserved by chilling 
only. Although the two nutrient analyses (ammonia 
and nitrite plus nitrate) that were done on samples 
preserved with sulfuric acid and chilling could not 
be compared statistically, the results were within 
the 95-percent confidence levefof the results for 
the samples preserved by the other two methods 
and can be considered equivalent. Results of this 
study indicate that discontinuing the use of 
mercuric chloride as a preservation method for 
nutrients in water samples will not affect the 
comparability of the data collected from wells at 
the INEL before and after October 1, 1994. 
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Table 1. Linear least-squared equations used for determining the most probable deviations for results of nutrient 
analyses 

[Least-squared equations for mercuric chloride preservation (Ludtke, USGS, written commun., 1994) were determined from data prior to October 
1994. Least-squared equations for chilled samples (Ludtke, USGS, written commun., 1996) were determined from dataof chilled-only samples. X, 
analytical result for sample preservation with mercuric chloride and chilling. Y, analytical result for sample presenred with chilling only. MPD, 
most probable deviation. HgCl2, mercuric chloride. Units are in milligrams per liter] 

Constituent 
Equation to determine 

MPD 
Equation to determine 

MPD Correlation 
coefficient 

Correlation 
coefficient (HgCI2 and chilling) (chilling only) 

Ammonia as nitrogen 0.056X+0.018 0.958 .016Y+0.065 0.066 

Nitrite plus nitrate as .040x+0.02 .622 .037Y +0.017 .920 
nitrogen 

Orthophosphate as .072X-0.005 .854 .055Y +0.026 .307 
phosphorus 



Table Comparison of ammonia results obtained from field-filtered samples preserved with mercuric chloride and 
chilling and samples preserved by chilling only, Idaho National Engineering Laboratory 

[Well identifier: see figures 1-2 for location. HgC12, mercuric chloride. 2-value: see section on statistical comparisons for explanation. Analytical 
results in milligrams per liter. <, less than] 

Ammonia as nitrogen 
(HgCI2 and chilling) (chilling only) 

Ammonia as nitrogen Well identler Date sampled 2-value 

USGS 4 

7 

12 

15 

17 

37 

40 

42 

43 

77 

84 

86 

89 

97 

98 

99 

102 

104 

105 

107 

119 

MTR Test 

NRF-1 

NRF-2 

NRF-3 

NRF-4 

NRF-7 

WSI-1 

10124194 

101 14/94 

10127194 

11/07/94 

10127194 

10/07/94 

10/18/94 

10/18/94 

10/21/94 

10/07/94 

1011 8/94 

10/04/94 

10/07/94 

1/10/94 

1/09/94 

1/09/94 

1/08/94 

9/30/94 

10/03/94 

10/05/94 

10/06/94 

9/28/94 

11/08/94 

11/08/94 

11/08/94 

11/10/94 

11/04/94 

11/09/94 

<0.01 

<.01 

.01 

<.01 

.02 

.01 

.01 

.01 

.01 

.01 

.02 

<.01 

<.01 

<.01 

.02 

<.01 

<.01 

.01 

<.01 

<.01 

<.01 

.01 

.01 

.02 

.02 

.01 

<.01 

.02 

<0.015 

<.015 

<.015 

<.015 

<.015 

<.015 

<.015 

<.015 

<.015 

<.015 

<.015 

<.015 

<.015 

<.015 

<.015 

c.015 

<.015 

<.015 

<.Or5 

<.015 

4.015 

~ 0 1 5  

<.015 

<.015 

<.015 

<.015 

<.015 

.02 

0 

0 

0 

0 

.07 

0 

0 

0 

0 

0 

.M 

0 

0 

0 

.07 

0 

0 

0 

0 

0 

0 

0 

0 

.07 

.07 

0 

0 

.oo 
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Table 3. Comparison of nitrite results obtained from field-filtered samples preserved with mercuric chloride and chilling 
and samples preserved by chilling only, Idaho National Engineering Laboratory 

[Well identifier: see figures 1-2 for location. HgC12, mercuric chloride. 2-value: see section on statistical comparisons for explanation. Analytical 
results in milligrams per liter. <,less than] 

Nitrite as nitrogen Nitrite as nitrogen 
(HgC12 and chilling) (chilling only) Well identifier Date sampled 2-value 

USGS 4 

7 

12 

15 

17 

37 

40 

42 

43 

77 

84 

86 

89 

97 

98 

99 

102 

104 

105 

1 07 

119 

h4TR Test 

NRF-1 

NRF-2 

NRF-3 

NRF-4 

NRF-7 

WSI-1 

10/24/94 

10/14/94 

10127194 

11/07/94 

10/27/94 

10/07/94 

1011 8/94 

10/18/94 

10/21/94 

10/07/94 

1 Of 1 8/94 

10/04/94 

10/07/94 

1 111 0194 

11/09/94 

11/09/94 

11/08/94 

9/30/94 

10103 f94 

10/05/94 

10/06/94 

9/28/94 

11/08/94 

11/08/94 

11/08/94 

1 11 10194 

11/04/94 

11/09/94 

<0.01 

<.01 

<.Ol 

<.01 

<.Ol 

<.o 1 

<.01 

<.01 

<.01 

<.01 

<.01 

<.01 

<.01 

<.01 

<.01 

<.01 

<.01 

<.01 

<.01 

<.01 

<.01 

<.01 

<.01 

<.Ol 

<.01 

<.01 

<.01 

<.Ol 

<0.01 

<.01 

<.01 

<.01 

<.01 

<.01 

<.01 

<.01 

<.01 

<.01 

<.01 

<.01 

<.01 

<.01 

<.01 

<.01 

<.01 

<.01 

<.01 

<.01 

<.01 

<.01 

<.01 

<.01 

<.01 

1.01 

<.Ol 

<.01 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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Table 4. Comparison of nitrite plus nitrate results obtained from field-filtered samples preserved with mercuric chloride 
and chilling and samples preserved by chilling only, Idaho National Engineering Laboratory 

[Well identifier: see figures 1-2 for location. HgC12, mercnric chloride. Z-value: see section on statistical comparisons for explanation. Analytical 
results in milligrams per liter] 

~ ~ ~ ~ ~ 

Nitrite plus nitrate 
Well identifier Date sampled as nitrogen as nitrogen 2-value 

(HgC12 and chilling) (chilling only) 

Nitrite plus nitrate 

USGS 4 

7 

12 

15 

17 

37 

40 

42 

43 

77 

84 

86 

89 

97 

98 

99 

102 

104 

105 

107 

119 

MTR Test 

NRF- 1 

MF-2 

MF-3 

MF-4 

NRF-7 

WSI-1 

10124194 

10/14/94 

10127194 

11/07/94 

10/27/94 

10/07/94 

10/18/94 

101 18/94 

10/21/94 

10/07/94 

101 18/94 

10/@4/94 

10/07/94 

11/10/94 

11/09m 

11/09/94 

11/08/94 

9130194 

10/03/94 

10/05/94 

1OlO4h94 

9/28H 

11/ww 

11/0w94 

11/08/94 

11/10/94 

11/04/94 

11/09/94 

4.7 

.3 8 

2.0 

.35 

.31 

3 .O 

5.3 

2.1 

6.1 

4.4 

1.1 

1.5 

1.8 

2.0 

1.1 

1.6 

1.9 

.66 

.68 

.99 

1.3 

1.1 

1.9 

2.0 

1.9 

2.2 

.47 

4.2 

4.7 

.4 

2.1 

.35 

.34 

3 .O 

5.5 

2.2 

6.1 

4.4 

1.1 

1.6 

1.8 

2.0 

1 .o 
1.5 

1.9 

.69 

.68 

1.1 

1.3 

1.2 

1.9 

2.0 

lS9 

2.2 

.46 

4.3 

0.00 

.42 

.73 

.oo 

.68 

.oo 

.62 

.70 

.oo 

.00 

.oo 
9 1 

.oo 

.oo 
1.19 

.90 

.oo 

.48 

.oo 
1.33 

.oo 
1.13 

.oo 

.oo 

.GQ 

.oo 

.19 

.39 
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Table 5. Comparison of orthophosphate results obtained from field-filtered samples preserved with mercuric chloride 
and chilling and samples preserved by chilling only, Idaho National Engineering Laboratory 

[well identifier: s e e  figures 1-2 for location. HgClz, mercuric chloride. Z-value: see section on statistical comparisons for explanation. Analytical 
results in milligrams per liter. <, less than] 

Orthcqhnsphate as Orthophosphate as 

( H g Q  and chilling) (chilling only) 
Well identi6er Date sampled phosphorus phosphorus 2-value 

USGS 4 

7 

12 

15 

17 

37 

40 

42 

43 

77 

84 

86 

89 

97 

98 

99 

102 

104 

105 

107 

119 

MTR Test 

NRF-1 

NRF-2 

NRF-3 

NRF-4 

NRF-7 

WSI-1 

10/24/94 

10/14/94 

10/27/94 

11 /07/94 

10/27/94 

10/07/94 

10/18/94 

10/18/94 

10121 /94 

10/07/94 

10/18/94 

10/04/94 

10/07/94 

11/10/94 

11/09/94 

11 109j94 

11/08/94 

9/30/94 

10/03/94 

10/05/94 

10/06/94 

9/28/94 

11/08/94 

11/08/94 

11/08/94 

11/10/94 

11/04/94 

11/09/94 

0.01 

<.01 

.02 

.01 

.02 

.01 

.01 

.02 

.01 

.01 

<.01 

.o 1 

<.01 

.02 

.02 

.02 

.02 

<.01 

<.01 

4.01 

<.01 

<.01 

.02 

.02 

.02 

.02 

.o 1 

.01 

<0.01 

.01 

<.01 

-02 

<.01 

.02 

.02 

.02 

<.01 

.02 

.02 

.02 

.o 1 

.02 

.02 

.02 

.02 

.01 

.01 

.o 1 

<.Ol 

.02 

.02 

.02 

.02 

.02 

.02 

.01 

0 

0 

.37 

.36 

.37 

.36 

.36 

.oo 
0 

.36 

.36 

.36 

0 

.oo 

.oo 

.oo 

.oo 
0 

0 

0 

0 

.36 

.Go 

.oo 

.oo 

.oo 

.36 

.oo 



Table 6. Ammonia results obtained from field-filtered samples preserved with sulfuric acid and chilling, samples 
preserved with mercuric chloride and chilling, and samples preserved by chilling only, Idaho National 
Engineering Laboratory 

[Well identifier: see figures 2 for location. H2SO4, sulfuric acid. HgCl2, mercuric chloride. Analytical results in milligrams per liter. e, less than] 

Ammonia as nitrogen Ammonia as nitrogen Ammonia as nitrogen 
(HgC12and chilling) (chilling only) Well identifier Date sampled (H2S04 and chilling) 

USGS 12 

1s 

17 

97 

98 

99 

1 02 

NRF-1 

NRF-2 

NRF-3 

NRF-4 

NRF-7 

WSI-1 

10/27/94 

1 1/07/94 

10/27/94 

11 /lop4 

11/09/94 

11/09/94 

11/08/94 

11/08/94 

11/08/94 

11/08/94 

11/10/94 

11/04/94 

11/09/94 

<0.015 

<.OM 

c.015 

.04 

1.015 

c.015 

1.015 

<.015 

<.015 

1.015 

<.015 

<.015 

<.01S 

0.01 

4.01 

.02 

<.01 

.02 

<.01 

<.01 

.01 

.02 

.02 

.o 1 

<.01 

.02 

<0.015 

c.015 

<.015 

<.015 

<.015 

<.015 

c.015 

<.015 

<.015 

<.015 

<.015 

<.015 

.02 

15 



Table 7. Nitrite plus nitrate results obtained from field-filtered samples preserved with sulfuric acid and chilling, 
samples preserved with mercuric chloride and chilling, and samples presetved by chilling only, Idaho National 
Engineering Laboratory 

[well identifier: see figure 2 for location. HzSO4, sulfuric acid. HgCIz, mercuric chloride. Analytical results in milligrams per liter] 

Nitrite phis nitrate 
(HzSO4 and chilling) Well identifier Date sampled Nitrite phis nitrate 

(HgC12and chilling) 
Nitrite plus nitrate 

(chilling only) 

USGS 12 

15 

17 

97 

98 

99 

102 

NRF-1 

NRF-2 

NRF-3 

NRF-4 

NRF-7 

WSI-1 

10/27/94 

11/07/94 

10/27/94 

11/10/94 

11/09/94 

11/09/94 

11/08/94 

11/08/94 

11/08/94 

11/08/94 

11/10/94 

11/04/94 

11/09/94 

2.1 

.37 

.30 

2.1 

1.1 

1.6 

1.9 

1.9 

1.9 

1.9 

2.1 

.45 

4.1 

2.0 

.35 

.3 1 

2.0 

1.1 

1.6 

1.9 

1.9 

2 .o 
1.9 

2.2 

.47 

4.2 

2.1 

.35 

.34 

2.0 

1 .o 
1.5 

1.9 

1.9 

2.0 

1.9 

2.2 

.46 

4.3 
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