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CONVERSION FACTORS AND ABBREVIATIONS

Multiply By To obtain

centimeter (cm) 0.3937 inch 
liter (L) 1.057 quart 

milliliter(mL)_______________0.03381___________ounce, fluid

Degree Celsius (°C) may be converted to degree Fahrenheit (°F) by using the following equation:
°F = 9/5 (°C) + 32.

The following terms and abbreviations also are used in this report: 

microsiemens per centimeter at 25 degrees Celsius (nS/cm) 

megohms (MQ)

microequivalents per liter (neq/L) 

kilograms per hectare (kg/ha)
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External Quality-Assurance Results for the National 
Atmospheric Deposition Program/ National Trends 
Network During 1991

By Mark A. Nilles, John D. Gordon, LeRoy J. Schroder, and Charles E. Paulin

Abstract

The U.S. Geological Survey used four programs 
in 1991 to provide external quality assurance for the 
National Atmospheric Deposition Program/National 
Trends Network (NADP/NTN). An intersite- 
comparison program was used to evaluate onsite pH 
and specific-conductance determinations. The effects 
of routine sample handling, processing, and shipping of 
wet-deposition samples on analyte determinations and 
an estimated precision of analyte values and 
concentrations were evaluated in the blind-audit 
program. Differences between analytical results and an 
estimate of the analytical precision of four laboratories 
routinely measuring wet deposition were determined 
by an interlaboratory-comparison program. Overall 
precision estimates for the precipitation-monitoring 
system were determined for selected sites by a 
collocated-sampler program.

Results of the intersite-comparison program 
indicated that 93 and 86 percent of the site operators 
met the NADP/NTN accuracy goal for pH 
determinations during the two intersite-comparison 
studies completed during 1991. The results also 
indicated that 96 and 97 percent of the site operators 
met the NADP/NTN accuracy goal for specific- 
conductance determinations during the two 1991 
studies. The effects of routine sample handling, 
processing, and shipping, determined in the blind-audit 
program indicated significant positive bias (ct=.01) for 
calcium, magnesium, sodium, potassium, chloride, 
nitrate, and sulfate. Significant negative bias (ct=.01) 
was determined for hydrogen ion and specific 
conductance. Only ammonium determinations were 
not biased. A Kruskal-Wallis test indicated that there 
were no significant (ct=.01) differences in analytical 
results from the four laboratories participating in the 
interlaboratory-comparison program. Results from the 
collocated-sampler program indicated the median 
relative error for cation concentration and deposition 
exceeded eight percent at most sites, whereas the

median relative error for sample volume, sulfate, and 
nitrate concentration at all sites was less than four 
percent. The median relative error for hydrogen ion 
concentration and deposition ranged from 4.6 to 18.3 
percent at the four sites and as indicated in previous 
years of the study, was inversely proportional to the 
acidity of the precipitation at a given site. Overrll, 
collocated-sampling error typically was five time^ that 
of laboratory error estimates for most analytes.

INTRODUCTION

The National Atmospheric Deposition Pro,<ram 
(NADP) was established in 1978 to investigate the 
occurrence and effects of acid deposition. The 
National Trends Network (NTN) was established in 
1982 to expand the NADP monitoring effort into areas 
not previously sampled. Data collected as part of the 
NADP/NTN programs are used to monitor spatial and 
temporal trends in the chemical composition of vet 
deposition and to provide accurate data to individual 
scientists or agencies involved in research on the 
effects of acidic deposition. Operators of about 200 
NADP/NTN sites in 1991 collected wet-deposition 
samples in the United States and Canada. All site 
operators of NADP/NTN sites used the same typ^ of 
wet-deposition collectors, which are described by 
Bigelow and Dossett (1988). All site operators rlso 
used the same sample-handling protocols (Bigelow and 
Dossett, 1988) and sent their samples for chemical 
analysis to the Illinois State Water Survey, Central 
Analytical Laboratory (CAL). Earlier reports have 
described the NADP/NTN onsite operations (Billow 
and Dossett, 1988), the NTN design (Robertson and 
Wilson, 1985), and laboratory methods (Peden, 1986).

This report describes the results of the external 
quality-assurance programs operated by the 
U.S. Geological Survey (USGS) in support of the 
NADP/NTN during 1991. These programs are 
designed to: (1) Assess the precision and accuracy of 
onsite determinations of pH and specific conductance 
(intersite-comparison program); (2) evaluate the
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effects of sample handling, processing, and shipping of 
samples collected within the NADP/NTN on the bias 
and precision of analyte determinations (blind-audit 
program); (3) estimate the comparability, bias, and 
precision of analytical results obtained by separate 
laboratories routinely measuring wet deposition when 
portions of common samples are sent to the 
participating laboratories (interlaboratory-comparison 
program); and (4) estimate the overall precision of the 
monitoring network from the point of sample 
collection through storage of the data in the 
NADP/NTN data base by the collection and analysis of 
paired samples from collocated samplers at selected 
sites in the network (collocated-sampler program). A 
detailed explanation of the procedures and analytical 
methods used in these four quality-assurance programs 
is given by See, Willoughby, Brooks, and Gordon 
(1990).

INTERSITE-COMPARISON PROGRAM

Intersite-comparison studies have been used 
since 1978 to assess the accuracy and precision of pH 
and specific conductance measurements made by 
NADP/NTN site operators (Gordon and others, 1991) 
Intersite-comparison studies 27 and 28 were done by 
the U.S. Geological Survey in 1991. The intersite- 
comparison study 27 mailing was completed in April 
1991, and the intersite-comparison study 28 mailing 
was completed in November 1991. None of the site 
operators reported any equipment problems during 
study 27; four site operators reported equipment prob­ 
lems in study 28. Table 1 summarizes site operator par­

ticipation in 1991. In each study, site operators were 
instructed to determine the pH and spec; fic conduc­ 
tance of the reference solution using standard 
NADP/NTN procedures. Site-operator results are 
assessed using the NADP/NTN measurement-accuracy 
criteria. The NADP/NTN accuracy goal for onsite pH 
determinations of less than 5.0 is ±0.10 pH unit of the 
actual pH (Aubertin and others, 1990). This criterion 
increases to +0.30 pH unit when the actual pH exceeds 
5.0. The NADP/NTN goal for onsite specific-conduc­ 
tance measurements is ±4.0 (iS/cm. A f owchart 
depicting the intersite-comparison program is shown in 
figure 1.

Intersite-Comparison Study 27 Results

In study 27, all NADP/NTN site operators were 
mailed an aliquot of a synthetic reference solution 
simulating the pH and specific conductance of a natural 
wet-deposition sample. The reference solution used in 
study 27 had a target pH of 4.22 and a calculated 
specific conductance of 25.5 (iS/cm. TH median pH 
for the site operators responding by the closing date for 
study 27 was 4.24, and the median spec : fic conduct­ 
ance was 26.3 (o.S/cm.

Of the 188 site operators submitting pH data on 
time in study 27, 93 percent reported pH values within 
±0.10 pH unit of the overall median pH and success­ 
fully met the NADP/NTN accuracy goal. Using the 
median value of all responding sites as the most accu­ 
rate estimate of the actual specific conductance, 96 per-

Table 1. Summary of site-operators responses for the 1991 intersite-comparison program

Intersite-comparison study
Wl IV WWW! «IWI | V4WWI fl^V^    

Number of site operator receiving samples

Number of site operators submitting pH values by closing date of study

Number of site operators submitting specific-conductance values by closing date
of study

Site operators responding late

Number of nonresponding site operators

Sites that were not in operation

Sites that were not doing field chemistry

Site operators reporting equipment problems:

pH meter/electrode completely inoperable

pH meter/electrode problems

Specific-conductance probe/meter completely inoperable

Specific-conductance probe/meter problems

27

196

188

187

2

6

1

2

0

0

0

0

28

196

181

181

2

9

1

2

3

0

1

0

External Quality-Assurance Results for the National Atmospheric Deposition Program/ National Trends Network 
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Figure 1. The intersite-comparison program of the National Atmospheric Deposition Program/National Trends Network.
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cent of the site operators met the NADP/NTN specific- 
conductance accuracy goal (±4 jiS/cm). The results of 
study 27 are graphically depicted in figure 2. Superim­ 
posed on the scatterplot in figure 2 are boundaries 
defining NADP/NTN accuracy goals for pH and spe­ 
cific-conductance measurements. Boundaries delin­ 
eating the pH and specific conductance values for those 
site operators successfully meeting the goals for both 
measurements are also superimposed.

Intersite-Comparison Study 28 Results

The artificial matrix solution use! in study 28 
had a calculated specific conductance cf 8.0 jiS/cm. 
The median of all responding site operators that 
received solution A was 8.6 jiS/cm; the median of all 
responding site operators receiving solution B was 
12.2. A total of 97 percent of all site operators reported 
specific conductance values within +4 jj,S/cm of the 
median conductance of the solution which they 
received. Percentiles for pH and specific conductance 
measurements obtained from intersite-comparison 
studies 27 and 28 are depicted in figure 4.

In order to assess possible matrix effects on the 
ability of site operators to make accurate 
measurements, two solutions were used in intersite- 
comparison study 28. Solution A, a typical artificial 
matrix solution prepared using ultrapure-deionized 
water and nitric acid, was distributed to 168 site 
operators. Solution B, prepared by compositing 5 liters 
of filtered natural precipitation samples, was sent to a 
randomly selected subgroup of 28 site operators. The 
number of site operators receiving solution B was 
based on sample-size-determination methods by 
Snedecor and Cochran (1989). Solution A and 
Solution B each had a target pH of 4.72. The results of 
study 28 for solutions A and B are graphically depicted 
in figure 3. Superimposed on the scatterplots in 
figure 3 are boundaries defining NADP/NTN accuracy 
goals for pH and specific-conductance measurements.

To compare the results for the site operators 
receiving solution A and the results for site operators 
receiving solution B, the following tests were used: the 
Mann-Whitney U median test, and the Kolmogorov- 
Smirnov test of equal distributions. The Mann- 
Whitney U test was used to calculate the probability 
that the median pH for the site operators receiving 
solution A was statistically different from the median 
pH for site operators receiving solution B. The 
Kolmogorov-Smirnov test was used to compare the 
empirical cumulative distribution functions of the two 
populations.

The result of the Mann-Whitney U test was that 
the null hypothesis of equal medians for each group of 
site operators was accepted. The result of the 
Kolmogorov-Smirnov test was acceptance of the null 
hypothesis of equal distribution variability for each 
group of site operators.

Because no statistically significant difference 
were detected, the pH measurement accuracy criterion 
was based on the overall median pH of 4.73. Of the 
181 site operators submitting pH data on time in study 
28, 86 percent successfully met the accuracy goal.

Intersite-Comparison Study Follc^-Up 
Program

Since 1990, the intersite comparison study has 
included a follow-up program based or statistical 
quality-control procedures (See, Willoughby, Brooks, 
and Gordon, 1990). Based on a combination of factors, 
site operators failing to meet the pH accuracy goal may 
be asked to participate in one of four levels of follow- 
up. Factors include the amount by whrh they missed 
the pH measurement accuracy goal in the most recent 
study as well as their performance in the previous two 
studies. The four levels of follow-up range from a 
letter discussing common sources of measurement 
error to requests that the site operator perform one or 
more additional measurements (See, Willoughby, 
Brooks, and Gordon, 1990).

The additional aliquots distributed to site 
operators asked to participate follow-up levels 3 and 4 
consisted of artificial matrix solutions vith pH and 
specific conductance values different from those of the 
test solution distributed to all site operators in the initial 
portions of studies 27 and 28 but within the normal 
range for precipitation collected at NADP/NTN sites.

All 14 site operators that failed to meet the pH 
measurement accuracy goal in study 27 were included 
in the follow-up program. Eight of these site operators 
only received a letter describing common causes of 
measurement error, whereas five site operators were 
asked to perform additional pH measurements. The 26 
site operators that failed to meet the pH measurement 
accuracy goal in study 28 were also included in the 
follow-up program. Ten of these site operators only 
received a letter describing common causes of 
measurement error, while 6 site operators were asked to 
perform additional pH measurements. A complete 
summary of the follow-up results for studies 27 and 28 
is depicted in figure 5.

External Quality-Assurance Results for the National Atmospheric Deposition Program/ National Trends Network 
During 1991



INTERSITE-COMPARISON STUDY 27 - April 1991
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Figure 2. The distribution of pH and specific conductance values for intersite-comparison study 27.
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INTERSITE-COMPARISON STUDY 28 - November 1991 
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Follow-up Intersite Number of Met the Failed to Meet Mixed
Level Comparison Site Operators Goals the Goals Results

Study Number that Participated

Failed to Failed to 
Participate Complete All 
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Level 1
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Level 4
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XXX
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xxxxxx

X
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X

X

X

X

X

X X

X = ONE SITE OPERATOR

LEVEL 1 FOLLOW-UP:

1) Letter discussing common sources of measurement errors

LEVEL 2 FOLLOW-UP:

1) Letter discussing common sources of measurement errors

2) Request that site operator reanalyze the remaining portion 
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LEVEL 3 FOLLOW-UP:
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of the test solution

3) One additional aliquot of test solution

LEVEL 4 FOLLOW-UP:
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2) Request that site operator reanalyze the remaining portion 
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3) Two additional aliquots of test solution

Figure 5. Summary of the follow-up results for intersite-comparison studies 27 and 28 for the National Atmospheric 
Deposition Program/National Trends Network.
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BLIND-AUDIT PROGRAM

The purpose of the blind-audit program is to 
assess the effects of routine sample handling, 
processing, and shipping of wet-deposition samples on 
analyte bias and precision. In the blind-audit program, 
site operators submit quality-assurance samples 
disguised as actual precipitation samples to the Central 
Analytical Laboratory (CAL) for analysis. Detailed 
descriptions of the blind-audit program have been 
documented previously (See, Willoughby, Brooks, and 
Gordon, 1990, Bigelow and others, 1989). Figure 6 
depicts all components of the blind-audit program, 
from sample preparation to distribution of interpretive 
reports.

Thirty-two blind-audit samples were sent to the 
operators of selected NADP/NTN sites in each quarter 
of 1991. The sites selected were chosen to ensure a 
uniform geographic distribution throughout the United 
States. For the third consecutive year, a range of 
sample volumes were distributed. Samples containing 
either 250-, 500-, or 1,000-mL were sent to the 
operators of selected sites to assess volume-related 
effects on biases. Site operators were provided with 
detailed instructions on how to process the blind-audit 
samples.

The solutions used in the blind-audit program are 
carefully selected to replicate a range of concentrations 
typical of what is found in actual precipitation samples 
collected at NADP/NTN sites. In 1991, the median 
analyte concentration values for bottle samples 
approximated the 50th percentile of actual 
precipitation samples collected at NADP/NTN sites for 
most analytes. All of the median analyte concentration 
values except for ammonium for the solutions used in 
the blind-audit program were between the 25th and 
75th percentile of actual precipitation samples 
collected at NADP/NTN sites. A comparison of 
percentile concentration values of the chemical and 
physical parameters for samples used in the blind-audit 
program and precipitation samples analyzed by the 
CAL in 1991 is depicted in table 2. The solutions used 
in the 1991 blind-audit program, the names of the 
agencies that prepared them, and any special remarks 
about each solution are depicted in table 3; while the 
target values for solutions used in the 1991 blind-audit 
program are presented in table 4.

After a site has been selected for the blind-audit 
program and the operator of the selected site has 
successfully participated, the site is not selected again 
for the blind-audit program until the operators of all 
other NADP/NTN sites have participated. The 
operators of nearly two-thirds of all sites were 
requested to submit a blind-audit sample in 1991 
(approximately 200 sites were in the NADP/NTN in

1991 and 32 sites were selected each quarter for the 
blind-audit program). Figure 7a depicts the location of 
all NADP/NTN sites in 1991; figure 7b depicts the 
location of NADP/NTN sites whose operators v^re 
requested to submit blind-audit samples in 1991.

The instructions sent to site operators prescribed 
that 75 percent of the blind-audit sample was to be 
poured into a standard, clean NADP/NTN 13-L 
polyethylene collection bucket and processed as if it 
were the wet-deposition sample from the previous 
week. This portion of the blind-audit sample is 
referred to as the bucket sample. The operator 
determined the weight of the bucket containing 75 
percent of the blind-audit sample, then removed a 20- 
mL aliquot in order to measure the pH and specific 
conductance. The bucket then was sealed, disguised as 
a routine wet-deposition sample with a fictitious 
NADP/NTN field-observer report form, and submitted 
to the CAL for analysis. An actual precipitation sample 
was also collected by the site operator who was 
submitting a blind-audit sample. The actual sairole 
was submitted to the CAL using a "dummy" field- 
observer report form. Figures 8a and 8b depict 
examples of fictitious and dummy field observer report 
forms, respectively.

Site operators returned the remaining 25 percent 
of the blind-audit sample, still in the original sample 
bottle, to the CAL in a separate mailing container. This 
portion of the blind-audit sample is referred to as the 
bottle sample. Because of the order in which samples 
and field observer report forms are processed, the CAL 
staff could not, at the time they received and analyzed 
the disguised bucket portions of the blind-audit 
samples, identify individual samples as being from an 
external quality-assurance program. Information 
concerning sample chemical composition was not 
provided to the CAL staff that did the analyses or to the 
site operators that did the processing. When the bottle 
portion of a blind-audit sample was submitted to the 
CAL, only the sample processing group of the 
laboratory staff recognized that it was not an actual 
NADP/NTN sample. By the time the analysis was 
performed, the samples appeared to be regular nefwork 
precipitation samples. The analyte concentrations in 
bottle portions were not known by the laboratory staff.

The CAL staff that received and analyzed the 
actual precipitation sample could not identify frc m 
which site the sample had been sent. After all trn 
analyses for the bucket and bottle portions of the blind- 
audit sample and for the actual precipitation samoles 
were completed, the true identity of each of these 
samples was disclosed to the CAL Data Quality 
Assurance Officer. The NADP/NTN data base was 
then amended by matching the analytical data with the 
correct sample.

BLIND-AUDIT PROGRAM* 9



BLIND-AUDIT SAMPLES PREPARED

BY THE ILLINOIS STATE WATER SURVEY

CENTRAL ANALYTICAL LABORATORY I BLIND-AUDIT SAMPLES PREPARED 

BY THE U.S. GEOLOGICAL SURVEY

I
BLIND-AUDIT SAMPLES 

PACKAGED FOR DISTRIBUTION TO 

OPERATORS OF SELECTED SITES BY 

THE U.S. GEOLOGICAL SURVEY

OPERATORS OF SELECTED SITE RECEIVE 250- 

500-, OR 1,000 MILLILITER SAMPLES

SITE OPERATORS PROCESS SAMPLE

75 PERCENT OF BLIND-AUDIT 

SAMPLE IS POURED INTO CLEAN 

BUCKET AND LABELED AS 

ACTUAL SAMPLE

REMAINING 25 PERCENT OF

BLIND-AUDIT SAMPLE IS

MAILED TO LABORATORY IN ITS

ORIGINAL BOTTLE

BLIND-AUDIT SAMPLES SHIPPED TO THE ILLINOIS 

STATE WATER SURVEY, CENTRAL ANALYTICAL LABORATORY

SAMPLES ANALYZED BY ILLINOIS STATE WATER 

SURVEY, CENTRAL ANALYTICAL LABORATORY

ANALYTICAL RESULTS OF BLIND- 

AUDIT BOTTLE SAMPLE COMPILED

ACTUAL PRECIPITATION SAMPLE 

FROM WET-SIDE BUCKET IS 

LABELED AS DUMMY SAMP'. E

1

ANALYTICAL RESULTS OF BLIND- 

AUDIT BUCKET SAMPLE COMPILED

RESULTS PRESENTED TO NATIONAL

ATMOSPHERIC DEPOSITION PROGRAM/

NATIONAL TRENDS NETWORK

OPERATIONS SUBCOMMITTEE

REPORTS AND PUBLICATIONS i

Figure 6. Blind-audit program of the National Atmospheric Deposition Program/National Trends Network.
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Table 2. Comparison of the percentile concentration values of chemical and physical parameters for the 
solutions used in the blind-audit program and precipitation samples collected by the National Atmospheric 
Deposition Program/National Trends Network in 1991 (values in milligrams per liter except pH in units and 
specific conductance in microsiemens per centimeter); <, less than reporting limit

Samples used in the Blind-audit 
program

Precipitation samples collected 
by the NADP/NTN

Parameter

Calcium
Magnesium
Sodium

Potassium
Ammonium
Chloride
Nitrate
Sulfate
Phosphate
pH
Specific
conductance

25th

0.02
0.01
0.10
0.02

<0.02
0.14
0.50
0.65

<0.02
4.31

11.12

50th

0.13
0.03
0.11
0.03
0.07
0.17
1.01
0.88

<0.02
4.68

12.20

75th

0.14
0.03
0.19
0.04
0.14
0.28
1.07
1.23

<0.02
4.75

21.87

25th

0.057
0.013
0.038
0.010
0.11
0.10
0.59
0.66

<0.02
4.43
7.5

50th

0.120
0.025
0.075
0.019
0.24
0.15
1.07
1.30

<0.02
4.87

13.4

75th

0.253
0.050
0.167
0.039
0.45
0.28
1.84
2.28

<0.02
5.52

23.7

Table 3. Solutions used in the 1991 USGS blind-audit program and interlaboratory-comparison program

Solution 
name Agency that prepared the solution Remarks

CAL 4.3 Central Analytical Laboratory
Ultrapure U.S. Geological Survey
USGS U.S. Geological Survey
P-12 U.S. Geological Survey

1088-2-1:1 U.S. Environmental Protection Agency
1088-2-2:1 U.S. Environmental Protection Agency

Dilution nitric acid solution
Deionized water
Prepared from dissolved salts and deionized water
Precipitation quality assurance sample prepared by

the standard water reference sample project. 
Supplied as a concentrated stock solution and

diluted by the U.S. Geological Survey Acid
Rain Project.

Data Analysis for the Blind-Audit Program

To assess analytical bias, differences between the 
results from the bucket and bottle portions are 
evaluated. In 1991, the CAL analyzed all of the paired 
bucket and bottle samples within 21 days of each other; 
except for a small number of sample pairs, most were 
analyzed within 1 week of each other. Analytical 
results of the bucket and bottle portions of the blind- 
audit sample provided paired analyses to determine if 
analyte concentrations had changed in the bucket 
samples as a result of sample handling, shipping, and 
processing protocols. For the purpose of comparison, 
it was presumed that analyte concentrations in the

bottle portion of the blind-audit sample had not 
changed from the time the site operator poured an 
aliquot of the bottle sample into the bucket and tH time 
the CAL analyzed the bottle portion of the blind-audit 
sample. Previous sample stability studies have 
indicated that the analytes in quality-assurance samples 
used in the blind-audit program are stable for at least 
45 days (Peden and Skowron, 1978; Willoughby and 
others, 1991). Complete bucket and bottle analyses 
were available for 123 of the 128 blind-audit samples 
sent to participating site operators in 1991. Three site 
operators failed to submit the blind-audit sampler. One 
site operator poured the entire sample into the bucket; 
therefore, no bottle analyses were available for that

BLIND-AUDIT PROGRAP' 11



Table 4. Target values for solutions used in the 1991 U.S. Geological Survey blind-audit program and interlaboratory- 
comparison program

[pH, in units; specific conductance, in microsiemens per centimeter at 25 degrees Celsius; <dl, indicates value less than method detection limit;  , indicates 
no value available; significant figures vary because of differences in laboratory precision]

Solution name

'CAL 4.3
'P-12

UUSGS

K2Ultrapure 
' 2 1088-2-1:1

' 2 1088-2-2:1

22694-I

22694A-I

22694-II

Concentration, in milligrams per liter

Ca

<dl
.91

.14

.047

.024

.014

.013

.049

Mg

<dl

.06

.037

.028

.014

.024

.024

.051

Na

<dl
.71

.092

.179

.090

.205

.208

.419

K

<dl

.050

.025

.073

.037

.052

.056

.106

NH4

<dl
 

0.160

.080

.040
 

3.I2

3 1

Cl

<dl

.66

.142

0.283

.142
3 .24

3 .23

3 1

N03

3.11
 

1.08

.57

.29
 

3.53

7.06

SO4

<dl

.65

.938

2.68

1.34

2.75

2.69

10.9

pH

4.3
6.5S
4.81

45.65

4.27
..

4.27

4.30

3.59

Specific 
conduc­ 

tance

22

10.0

8.0

4.064 

24.1

12.0

26

25.4

130
Used in the 1991 blind-audit program.

2 Used in the 1991 interlaboratory-comparison program.
3 Concentration not certified by the National Institute of Standards and Technology.
4 At 25 degrees Celsius and 1 atmosphere pressure (Hem, 1985; Dean, 1979).

sample. One site operator did not secure the lid on the 
bucket portion of the blind-audit sample, and the 
sample leaked out; bucket analyses were not available 
for that sample.

If there is physical evidence of contamination 
and the chemistry is abnormal, the CAL assigns actual 
precipitation samples a "C" code to indicate the sample 
is contaminated (Bowersox, 1984). All quality- 
assurance samples (such as the bucket and bottle 
portions of the blind-audit samples) that contain 
extrinsic material are assigned a "C" code regardless of 
the sample chemistry. The "C" codes are assigned after 
the true identities of the bucket and bottle portions of 
the blind-audit sample have been disclosed to the CAL 
Data Quality Assurance Officer. Because prior 
investigations have indicated no significant differences 
in analytical results among uncontaminated bottle 
samples and contaminated bucket samples (See and 
others, 1989), data from all bucket samples assigned a 
contamination code were included in the 1991 blind- 
audit statistical analyses.

The median analyte concentrations determined 
for the bucket and bottle results for all data pairs are 
presented in table 5. Bucket and bottle values reported 
as less than the minimum detection limit were set equal 
to the minimum detection limit. The median bucket- 
sample concentrations were larger than the median 
bottle-sample concentrations for calcium, magnesium, 
sodium, potassium, ammonium, chloride, nitrate, and 
sulfate. The median concentrations for bucket samples 
were smaller than the median concentrations for the

bottle samples for hydrogen ion and specific 
conductance. Boxplots in figure 9 graphically depict 
the bucket-sample minus bottle-sample concentrations 
for all the major ions for all bucket and bottle data 
pairs.

A Wilcoxon signed-ranks test (Ccnover, 1980) 
was used to determine if any significant differences 
existed between the analyte concentrations measured 
for the paired bucket and bottle portions- of the blind- 
audit samples submitted in 1991. All blind-audit 
samples that had paired analyte determinations were 
included in the statistical analyses. Analyte 
concentrations reported as less than the minimum 
reporting limit were set equal to the mirimum 
reporting limit (alternatively, analyte concentrations 
reported as less than the minimum reporting limit were 
set equal to zero and then to one-half the minimum 
reporting limit to determine if the result? of Wilcoxon 
signed-ranks test for bias would be different; regardless 
of whether the less than detection values were set equal 
to zero, one-half the minimum reporting limit, or the 
minimum reporting limit, the results of the Wilcoxon 
signed-ranks test for bias were the same). At a 
significance level of ot=0.01, the Wilcoxon signed- 
ranks test indicated that bias existed for calcium, 
magnesium, sodium, potassium, chloride, nitrate, 
sulfate, hydrogen ion, and specific conductance. Only 
ammonium was not biased. The complete results of the 
Wilcoxon signed-ranks test for bias witl^ values that 
were less than the minimum reporting limit set equal to 
the minimum reporting limit are shown in table 6.
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EXPLANATION
Location of National Atmospheric 

Deposition Program/National 
Trends Network sites In 1991.

EXPLANATION
  Location of National Atmospheric 

Deposition Program/National 
Trends Network whose operators 
participated in the 1991 blind-audit program.

Figure 7. A, Location of National Atmospheric Deposition Program/National Trends Network sites; B, location of National 
Atmospheric Deposition Program/National Trends Network sites whose operators participated in the 1991 blind-audit 
program.

BLIND-AUDIT PROGRAM 13



ATMOSPHERIC DEP

NADP/NTN FIELD OBSERVER REPORT FORM
Send Completed Form With Each Mailer

CAUNREL UM Onty

'* fry
3. SAMPLE BUCKET

Cte* LT/ CD
""* VWSIcM Dry-SKb

S. SITE OPERATIONS aumpt* II no lor tun tor!. alCAL

ndcates the collector id opened anddOMd prorVpfy lor each preopitatDn event
2 Ran gage operated properly durng the week.
3 Collector opened and dosed at least once durng the week, other then tor teetlng.

6. SAMPLE CONDITION

ndurjifig ffif not la»a htn

5 Leavi
6 Handling contamination

7. BUCKET SAMPLE WEIGHT 8. PRECIPITATION RECORD 

 uctolOn
TVl-

C*cJ»on

K  iucfc TUES~ 

|R S M lj B S M U |O S M U
WED I THURS

10|H0|.L?M|.

R SMUlR S U U
MON TUES

R S M U R S^ M U |

Do tmyntMt «gra« w«*i i S* T 
YES M NO D ff

FMdFomm GIOVK

VWi Rarin Qaga Cnartt
pH4Bu*w
pH7Bu»«t
Ct»* Sanv
75gS/anS«
EkaradB FIng Sdin

RamQagalr* 
DwhpdFUd 
bd SU Pad

11. REMARKS formmpH  qaprrm»mtllunann.car<urrmtKr, turn*}, bumr*. logfng. m*ap» t»«or» wnghlng

e
£ NADP/NTN FIELD OBSERVER REPORT FORM

 ffl'E^isiESsr "08  S'£^£ZZ?«£%? 

1. STATION
n~_ Dummv Site

10 ID |u lojlj
4. BUCKET on

°" 0716
OFF 0 7 2 3 «

s"» I I I

i
i

6. SAMPLE CONDITION
Clue* r« or no tor fl iMnpm 
Dtf cnb» «W cortarmwton <n Block 11 
tndurAng *V rot lafd htn

7. BUCKET SAMPLE WEIGHT
Wugri l*t*nitt tvoMt

. 1 1 .and*

.D""*"* 1"

.1 ] X OOOOS
smoMW «gwra)

9. SAMPLE CHEMISTRY

C
c

IMS than 9 pS/cm? 1 
YESD NO D ftf««lC*LJ I  j

11 t. Bird droppings
1 ' 2. Cloudy or discolored

6. PRECIPITATION RECORD

iyi» PTUES WE
Ocfc on* | R S M U R S

Inchea . 1.

crc*oo. Z T MM Z T

,   . rn.rri

2. OBSERVER

CALNREL U» Only

N

BA

H

1,1, L
P,i^(l*71*                              1    L_L  

S. SITE OPERATIONS cf»c*^.orno*

!il 2J?_ 1 The aeneor heater and nwtor 
1 ' ndcates the coaactor fid open

i i 3 Sootfash/dM particles '
: i 4 Insects/anlme matter >

3 THURS FRI SAT SU
ilU R S M U RSMU RSMU RS

MM Z T MM Z T MM Z T MM Z T
11*, T Tr«. 1*1 U__

(      Do tfMM vaAMc aorva wrMn i 5% ? 

YES D NO Q <"*> ""ITI

Specific Conductanc* (pS/cm)

 Mvd CwitfM Sundvrl MMturad Cornoon Factor

.n   x MM i.   - M i i in f
'Cmc&oo Factor r-irymnn Swnpat MM*u»*>d Pr»op*«iOfi S*vn(M ConvcMl

Mill»n -«n 
n -n
3. SAMPLE BUCKET

Cta* [   | [^ 

WM-SldB Dry-Skk

x«>unp*M # no tor tern) or 2 cat CAL

box operated property and the event recorder 
 d antfdosed promptly lor each precpitalion event 
jrng the week, 
least once dumg the week, other than tor teetlng

1 5 LeavesAMrlgs/pollen^lant meter
< e Handling contarrwiation

N MON I
M U R S M U |

MM Z T MM

MOH  91
TUES j Bottle Us*

R S M U | DM you pour

Z T MM VESQ N°D

Tow! Ran Gaot D**h (ntfm)

PH

Z].DI]
Ch«* S«Tiph pH

^.DD
»cap««xxi S*vn(M pH

10. SUPPLIES
Ot^« rfnaadatf. t/rrbf r«carwa' 

FMdForrm Gloves 
S«T»*Boe«j pHEtoctrode 
VUB RM1 Q^JIP Ch«B 
pH<Buftar R«n Gage Ink 
pH 7 Bulhr Dethpot Flutd 
Check Sample Lid Seat Pad 
75 uS.'on SO 
Etoctrod* Rang Sdukon

11 . REMARKS ftr u.vnpM  quprrwir maftuncOon, ocuTttfrni^of? tamiJnp burning, togging, (Mfcetp* bffbrv t*«^wv, ttc.

Figure 8. A, Example of a fictitious National Atmospheric Deposition Program/National 
Trends Network field observer report form; B, Example of a dummy National Atmospheric 
Deposition Program/National Trends Network field observer report form.
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Figure 9. Bucket-sample concentrations minus bottle-sample concentrations in the blind-audit program, National Atmoroheric 
Deposition Program/National Trends Network.

The overall precision of the 1991 blind-audit 
sample analyses was estimated by calculating the 
pooled standard deviations for all bucket portions of 
the blind-audit samples (Dixon and Massey, 1969, 
p. 113). The ultrapure samples were not included in 
this analyses. Analyte concentrations reported as less 
than the minimum reporting limit were set equal to the 
minimum reporting limits. The pooled standard 
deviations for all of the analytes measured in the bucket 
portions of the blind-audit samples are listed in table 1. 
A similar precision in the analyses of blind-audit 
samples (table 7) compared to interlaboratory samples 
analyzed at the CAL (table 11) indicates that although 
changes occur in samples due to sample handling and 
shipping procedures, the random variability is not 
appreciably increased as a result of sample handling 
and shipping procedures for most analytes in 1991.

The percent bias was calculated for all of the 
bucket minus bottle paired differences by calculating

each paired difference as a percentage of the 
concentration measured in the bottle portion of the 
bucket-bottle data pair. The percent bias was 
calculated two different ways. First, all bucket-bottle 
data pairs were included. Bucket and bottle values 
reported as less than the minimum reporting limit were 
set equal to the minimum reporting limit. Secord, 
bucket-bottle data pairs were excluded for a given 
analyte if the reported concentration for the bucket or 
bottle portion were less the minimum reporting limit. 
The percent bias was higher with all data pairs included 
in the analysis for calcium, sodium, and chloride 
compared to the censored data set. This was due to the 
influence of large (on a percentage basis) bucket-bottle 
differences when the bottle value was near the 
minimum reporting limit. Bucket concentrations that 
were only slightly larger than bottle concentrations 
near the minimum reporting limit resulted in 
excessively large percent bias results. In contrart,
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Table 5. Median concentrations for the bucket and bottle portions of the samples used in the 
blind-audit program

[all units in milligrams per liter except hydrogen ion, in microequivalents per liter, and specific conductance, in micro">emens per 
centimeter at 25 degrees Celsius]

Analvte Median concentration In the bucket 
portion of the blind-audit sample

Calcium

Magnesium 

Sodium

Potassium

Ammonium

Chloride

Nitrate

Sulfate

Hydrogen ion 

Specific 
conductance

0.133

0.030 

0.118

0.026

0.06

0.17

0.97

0.89

11.22 

9.90

Median concentration In the bottle 
portion of the blind-audit sample

0.116

0.027 

0.108

0.025

0.05

0.16

0.95

0.86

19.05 

11.75

Table 6. Results of the tests for bias, using a Wilcoxon Signed-Rank Test

[Bucket and bottle values less than the minimum reporting limit set equal to the minimum reporting limit]

Analyte

Calcium

Magnesium 

Sodium

Potassium

Ammonium

Chloride

Nitrate

Sulfate

Hydrogen ion 

Specific conductance

The number of times 
the concentration In 
the bucket portion 

exceeded the 
concentration In the 

bottle portion

90

91

77

67

33

72

69

81

9

12

The number of times 
the concentration In 

the bottle portion 
exceeded the 

concentration In the 
bucket portion

13

9 

29

26

39

19

31

10

97 

96

The number of times 
the concentration In 

the bottle portion 
was equal to the 

concentration In the 
bucket portion

4

7 

1

14

35

16

7

16

1 

0

Determined to be 
bias-d?

YE"

\E? 

\E?
YE"

NO
YE"

YE^
YE"

YE" 

YE"

bucket and bottle values for ammonium and potassium 
included a large number of bucket and bottle values 
that were both less than the minimum reporting limit. 
Because these values were set equal to the minimum 
reporting limit, the percent bias actually decreased for 
these analytes when all data pairs were included in the 
analysis. The percent bias for magnesium, chloride, 
nitrate, sulfate, hydrogen ion, and specific conductance 
were virtually identical regardless of whether all or 
selected data pairs were included in the analysis.

The median percent bias of-38.3 percent for 
hydrogen ion was the largest percent bias for all of the 
analytes and indicates that significant losses of hydro­ 
gen ion frequently occur from all sample? collected in 
the 13 L polyethylene buckets used by the 
NADP/NTN. The percent bias for specific conduc­ 
tance was also very large: -21.1 percent. At the oppo­ 
site extreme, the percent bias for both nitrate and 
sulfate was less than 5 percent. Percent bias for the 
remaining six analytes ranged from 7.14 to
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Table 7. Pooled standard deviations of analyte data based on replicate analyses of blind-audit bucket 
samples

[All units in milligrams per liter except pH, in units, and specific conductance, in microsiemens per centimeter at 25 
degrees Celsius]

Analyte

Calcium

Magnesium

Sodium

Potassium

Ammonium

Chloride

Nitrate

Sulfate

pH

Specific conductance

Minimum value

0.009

.003

.006

.003

.02

.03

.03

.03

4.33

1.3

Maximum value

1.53

.112

1.085

.976

.74

1.36

3.39

2.77

6.74

23.8

Pooled standard 
deviation

0.006

.001

.006

.011

.007

.013

.010

.036

.034

.354

21.3 percent with all data pairs included in the analysis 
and from 9.1 to 15.4 percent excluding data pairs if the 
target concentration was less than the minimum report­ 
ing limit (table 8). These results are an indication that 
contamination of the bucket samples, and probably all 
NADP/NTN wet-deposition samples, was occurring as 
a result of sample-handling and sample-shipping pro­ 
cedures for all of the analytes except nitrate and sulfate.

To determine if a relation existed between the 
volume collected in the bucket and the differences 
between the analyte concentrations in the bucket and 
bottle portions of the blind-audit sample, sixteen 
250-rnL, fifteen 500-mL, and sixteen 1,000-mL bottles 
of the same solution (USGS) were sent to the operators 
of selected sites in 1991. The site operators poured 
about 75 percent of each bottle into a clean 13-L 
polyethylene bucket and processed it as if it were the 
wet-deposition sample from the previous week. To 
analyze the differences for each analyte on a mass per 
bucket basis, the differences between the measured 
concentration in the bucket and bottle portions of the 
blind-audit samples were multiplied by the volume of 
the sample measured in the bucket. This converts the 
differences between the concentrations for the bucket 
and bottle portions of the blind-audit sample from 
milligrams per liter to micrograms per bucket. 
Boxplots in figures 10 and 11 depict the difference 
between the concentration measured in bucket and 
bottle portions of the USGS solution blind-audit 
samples plotted by the volume of the samples mailed to 
the site operators, whereas boxplots in figure 12 depict

the differences for each analyte plotted by samp'e 
volume on a mass-per-bucket basis. For the 25C mL 
sample size, the data points representing the 95th 
percentile of potassium and chloride bucket minus 
bottle concentration differences were off scale (figs. 10 
and 12), indicating probable potassium-chloride 
contamination from a pH electrode in one sample.

A Kruskal-Wallis test (Iman and Conover, 1983) 
was used to determine if there were statistically signi­ 
ficant differences in the amount of bias determired on 
either a mass-per-bucket or concentration basis for the 
250-, 500-, and 1,000-mL samples. Results of t>e 
Kruskal-Wallis test indicate no significant (a=0.01) 
difference in bucket-minus-bottle values on a mass- 
per-bucket basis for calcium, magnesium, potassium, 
ammonium, nitrate, sulfate and hydrogen ion. 
Statistically significant (a=0.01) differences were 
determined for sodium, chloride, and specific 
conductance. A slight decrease in the median-bucket 
minus-bottle difference in milligrams per bucke* was 
measured for sodium and chloride as the sample 
volume increased. For all other analytes examined, the 
differences on a mass-per-bucket basis showed no 
trend as volume increased. On a concentration Hsis, 
results of the Kruskal-Wallis test indicate no significant 
(a=0.01) difference in bucket minus bottle 
concentrations for potassium, ammonium, sulfate and 
specific conductance, whereas statistically significant 
(<x=0.01) differences were determined for calcium, 
magnesium, sodium, chloride, nitrate, and hydrogen 
ion (table 9).
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Table 8. Median bucket minus bottle differences calculated as a percentage of the median bottle concentration 
for each analyte

[All units in percent]

Anaiyte

Median bucket minus bottle 
differences expressed as a

percentage of the
corresponding bottle

concentration; selected data
pairs only1

Median bucket minus bottle 
differences expressed as a

percentage of the
corresponding bottle

concentration; ail data pairs2

Calcium
Magnesium
Sodium
Potassium
Ammonium
Chloride
Nitrate
Sulfate
Hydrogen ion
Specific conductance

1 5.0
1 5.4
12.2
13.0
14.3
9.10
4.35
3.45

-38.3
-21. 1

21.3
15.4
19.2
10.7
7.14

11.1
4.85
3.53

-38.3
-21.1

Bucket minus bottle data pairs were excluded if the target value for the blind audit solution was less than the 

minimum detection limit established by the Illinois State Water Survey Central Analytical Laboratory for a given 

analyte.

All bucket minus bottle data pairs included. Bucket and bottle values reported as less than the minimum 

reporting limit were set equal to the minimum reporting limit.

Table 9. Results of the Kruskal-Wallis Analysis of variance tests to determine if bucket minus bottle differencer were 
statistically significant for the 250-, 500-, and 1,000-mL samples of the USGS solution used in the blind-audit p*ogram have 
equivalent distributions

Anaiyte

Bucket minus bottle
concentrations

attained significance
(P-value) levels on a

mass per bucket basis

Statistically 
significant (a=0.01)

differences 
determined between 
250-.500-, and 1,000- 
mL USGS samples on 

a mass per bucket 
basis?

Bucket minus bottle
concentrations 

attained significance 
(P-value) levels on a 
concentration basis

Statistically 
signifies nt(a=0.01)

differences 
determined between 
250-.500-, and 1,000- 
mL USGS samples on 

a concentration

Calcium
Magnesium
Sodium
Potassium
Ammonium
Chloride
Nitrate
Suifate
Hydrogen ion
Specific conductance

0.366
.569
.002
.218
.448
.001
.104
.309
.029
.001

NO
NO
YES
NO
YES
NO
NO
NO
NO
YES

0.000
.002
.001
.937
.676
.000
.021
.242
.001
.160

YES
YHS
YES
NO
NO

YES
YES
NO

YES
NO
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Figures 10. Bucket-sample concentrations minus bottle-sample concentrations for the 250-, 500-, and 1,000-mL USGS 
solution samples in the blind-audit program.

BLIND-AUDIT PROGRAM 19



5 

0

IE DIFFERENCES, IN 

ENTS PER LITER
en

1   i

0 g
^ 

Q a^ \J ir\ =i LU -10
  O
2 £
i  O 
UJ ^

o
D
DD

-15

-20

I

\ m
__U_, ..:,,,

i.:VJ

WMM*

^ :,;':"

^'":ir

Ha]

^^

  * 

 

1 

t

o o
CM in

1

MM

1

 M

__!_

 

o
8

HYDROGEN

-

-

5

PER CENTIMETER 

EES CELSIUS

o

CO O-
z o
HI HI
2 Q
HI in 
CO £

C£
C_J c  -o

-10

        ̂  

T T f\

<" : ;i- ^ ^:-" i ..........

.li
^

 

O O O
LO O O 
CM m O_

SPECIFIC

CONDUCTANCE

EXPLANATION

  95th PERCENT! LE 

90th PERCENT!LE

75th PERCENT!LE

MEDIAN

25th PERCENT!LE

10h PERCENTILE 

5th PERCENTILE

SAMPLE SIZE, IN MILLILITERS, USED FOR ANALYSIS

Figures 11. Bucket-sample concentrations minus bottle-sample concentrations for the 250-, 500-, and 1,000-nL USGS 
solution samples in the blind-audit program.

20 External Quality-Assurance Results for the National Atmospheric Deposition Program/ National Trends Network Dur­ 
ing 1991



CO 
LLJ 
O z.
LLJo;
LLJ

LU

CD

LU 
* 
O
^
CO
o;
LU 
Q.
CO

1
O
o o; 
o

60

30

0

-30

-60

o o oin o o
rg in o

CALCIUM

o o oin o o
rg in o

MAGNESIUM

o oo oin o

SODIUM

o o oin o org in o

POTASSIUM

o o oin o org in o

AMMONIUM

SAMPLE SIZE, IN MILLILITERS, USED FOR ANALYSIS

CO ou

Z 
^ H
I- LUa s 30° ^
^ CO
CO Q;

LU 
Q.
CO 0

1
8
(£. ono  JU
1

CO-bU i           

1!L

_

|
J32

- ^
tt-

§ ^k  ^F- 

is T

^V ' WMH

?

 

I

o o o
in o o 
rg in o

j I

 s
HUM

I

I

O
in

I

 

^"

pl i

LJ
T F

I
-p

 
I I

0 0
0 0 
LO O

i I

A
-T

H
 

i t

|

 
i
 MM

1

I

o o
in o 
rg in

I

§

1
 

1

.
EXPLANATION

  95th PERCENTILE

   90th PERCENTILE

7^ 75th PERCENTILE 

  MEDIAN

25th PERCENTILE

10th PERCENTILE

  5th PERCENTILE

O
O 
O

CHLORIDE NITRATE SULFATE

SAMPLE SIZE, IN MILLILITERS, USED FOR ANALYSIS

Figures 12. Boxplots showing the major ions bucket-sample mass minus bottle-sample mass expressed in micrograns per 
bucket for the 250-, 500-, and 1,000-mL USGS solution samples in the blind-audit program.

BLIND-AUDIT PROGRAM 21



125-MILLILITER INTERLABORATORY-
COMPARISON PROGRAM SAMPLES

PREPARED BY THE ILLINOIS STATE

WATER SURVEY, CENTRAL

ANALYTICAL LABORATORY

60-MILLILITER INTERLABORATORY-
COMPARISON PROGRAM SAMPLES

PREPARED BY THE NATIONAL

INSTITUTE OF STANDARDS

AND TECHNOLOGY

125-MILLILITER INTERLABORATORY- 
COMPARISON PROGRAM SAMPLES

PREPARED BY THE U.S.
GEOLOGICAL SURVEY

SYNTHETIC
WET-DEPOSITION

SAMPLES

ULTRAPURE
DEIONIZED-WATER

SAMPLES

SYNTHETIC
STANDARD REFERENCE 

SAMPLES

NATURAL
WET-DEPOSITION

SAMPLES

MAILED TO PARTICIPATING 
LABORATORIES FOR ANALYSIS

ONTARIO

MINISTRY OF THE

ENVIRONMENT

CENTRAL 
ANALYTICAL 
LABORATORY

ENVIRONMENTAL
SCIENCE AND 

ENGINEERING,

INLAND WATERS 
DIRECTORATE

I
ANALYTICAL RESULTS REPORTED TO THE U.S. GEOLOGICAL SURVEY

I
J

REPORTS
AND 

PUBLICATIONS

QUARTERLY REPORT
SENT TO PARTICIPATING

LABORATORIES

RESULTS PRESENTED TO THE
NATIONAL ATMOSPHERIC

DEPOSITION PROGRAM/NATIONAL
TRENDS NETWORK OPERATIONS

SUBCOMMITTEE

Figure 13. Interlaboratory-comparison program.
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INTERLABORATORY-COMPARISON 
PROGRAM

The interlaboratory-comparison program was 
used to determine if differences existed among the 
analytical results of participating laboratories routinely 
measuring wet deposition and to estimate analytical 
precision of the participating laboratories. Four 
laboratories participated in the interlaboratory- 
comparison program for all of 1991: (1) Illinois State 
Water Survey, Central Analytical Laboratory (CAL); 
(2) Inland Waters Directorate, National Water Quality 
Laboratory (IWD); (3) Environmental Science and 
Engineering, Inc. (ESE); and (4) Ontario Ministry of 
the Environment, Water Quality Section (MOE).

Samples from four sources were prepared for the 
1991 interlaboratory-comparison program: (^Syn­ 
thetic wet-deposition samples (USGS) and ultrapure 
deionized water samples (ultrapure) prepared by the 
U.S. Geological Survey, (2) Synthetic wet-deposition 
stock solutions (1088-2-1:1 and 1088-1-2:1) supplied 
by the U.S. Environmental Protection Agency in con­ 
centrate and diluted by the U.S. Geological Survey, (3) 
standard reference samples (2694-1, 2564A-I, and 
2694-11) prepared and certified by the National Institute 
of Standards and Technology (NIST), and (4) natural 
wet-deposition samples collected at NADP/NTN sites 
and bottled by the CAL. Natural wet-deposition sam­ 
ples collected at NADP/NTN sites that had volumes 
greater than 750 mL were selected randomly by the 
CAL for use in the interlaboratory-comparison pro­ 
gram. These natural wet-deposition samples were 
divided into 10 aliquots by using a deca-splitter. The

aliquots were bottled in 125-mL polyethylene battles 
and shipped to the USGS, Denver, Colorado, in chilled, 
insulated containers. Natural samples were kept refrig­ 
erated and were reshipped to participating laboratories 
within 10 days of receipt by the USGS. Target values 
for synthetic wet-deposition solutions used in the inter­ 
laboratory-comparison program are listed in tabJe 4.

Samples used for the 1991 interlaboratory- 
comparison program were relabeled and shipped by the 
USGS to the participating laboratories approximately 
every 2 weeks. Each laboratory received four samples 
per shipment. The first shipment in a 4-week period 
consisted of two natural wet-deposition samples, in 
duplicate. The second shipment consisted of triplicate 
synthetic wet-deposition samples prepared by NIST 
and a single aliquot of ultrapure deionized water or four 
aliquots of synthetic wet-deposition samples. All 
samples were relabeled with a sample number only; 
therefore, the laboratory staffs were unaware of the 
actual analyte concentrations in the samples and did 
not know if the samples were ultrapure deionized 
water, natural wet-deposition samples, or synthetic 
wet-deposition samples. A flowchart of the 
interlaboratory-comparison program is shown ir 
figure 13. Data listed in table 10 give the analytical 
methods and the minimum reporting limits for the four 
laboratories participating in the 1991 interlaborrtory- 
comparison program.

Laboratory precision was estimated for ea-^h 
analyte by calculating a pooled standard deviation for 
the results reported for the duplicate natural wet- 
deposition samples (Taylor, 1987) and the results 
reported for the synthetic wet-deposition sampler

Table 10. Analytical method and minimum reporting limits for four laboratories participating in the interlaboratory-corrmrison 
program during 1991

[mg/L, milligrams per liter; CAL, Illinois State Water Survey, Central Analytical Laboratory, Champaign, 111.; IWD, Inland Waters Directorate, National 
Water Quality Laboratory, Ontario, Canada; ESE, Environmental Science and Engineering, Inc., Gainesville, Fla.; MOE, Ontario Ministry of the 
Environment, Water Quality Section, Ontario, Canada; FAA, flame atomic absorption spectrometry; FAE, flame atomic emission spectrometry; ICP, 
inductively coupled plasma, atomic emission spectrometry; AP, automated phenate, colorimetric; 1C, ion chromatography]

Minimum reporting limit (mg/L)

Calcium
Magnesium
Sodium
Potassium
Ammonium
Chloride
Nitrate
Sulfate

CAL

0.01
.003
.003
.003
.02
.03
.03
.03

(Method)

(FAA)
(FAA)
(FAA)
(FAA)
(AP)
(1C)
(1C)
(1C)

IWD

0.01
.01
.01
.01
.001
.01
.01

.01

(Method)

(FAA)
(FAA)
(FAE)
(FAE)
(AP)
(1C)
(1C)
(1C)

ESE

0.003
.009
.018
.005
.013
.02
.008
.04

(Method)

(ICP)
(ICP)
(ICP)
(FAE)
(AP)
(1C)
(1C)
(1C)

MOE

0.02
.005
.005
.005
.003
.002
.01
.05

(Mr'hod)

(FAA)
(FAA)
(FAA)
(FAA)
(AP)
(1C)
(1C)
(1C)
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(Dixon and Massey, 1969). The analyte determinations 
reported as less than the minimum reporting limit were 
set equal to the minimum reporting limit. Data from 52 
natural samples analyzed at each laboratory were used 
in the calculation of the standard deviations for natural 
samples. Data from 46 synthetic samples analyzed by 
each laboratory were used in the calculation of the 
pooled standard deviations for most analytes (table 11).

Precision estimates were similar to estimates 
made in 1990 (Nilles and others, 1992) with the 
following exceptions: (1) The pooled standard 
deviations for the results reported by the CAL for 
potassium, nitrate, sulfate, hydrogen, and specific 
conductance for the natural samples and hydrogen ion 
and specific conductance for synthetic samples were 
smaller in 1991 than in 1990; (2) The pooled standard 
deviations for the results reported by the IWD for 
calcium and sodium for the natural samples and nitrate 
for the synthetic samples were less in 1991 than in 
1990; (3) The pooled standard deviations for the results 
reported by ESE for sodium and potassium for the 
synthetic samples were less in 1991 than in 1990; 
(4) The pooled standard deviations for the results 
reported by ESE for potassium for the natural samples 
and hydrogen ion for the synthetic samples were 
greater in 1991 than in 1990.

MOE participated in the interlaboratory- 
comparison program for the first time in 1991. The 
pooled standard deviations for the results reported by 
MOE were similar to the other three laboratories 
except for potassium. Pooled standard deviations for 
potassium determinations were at least 3 times greater 
for the MOE laboratory compared to results from the 
other laboratories.

To examine bias in the analytical results between 
the laboratories, a Kruskal-Wallis test (Iman and 
Conover, 1983) was done. Results of the Kruskal- 
Wallis test indicate no significant (a=0.01) difference 
in analyte measurements for calcium, magnesium, 
sodium, potassium, ammonium, chloride, nitrate, 
sulfate, hydrogen ion, or specific conductance from any 
of the four laboratories. Percentile rankings for 
individual laboratory analyses of interlaboratory- 
comparison samples for 1991 are summarized in 
table 12. A comparison between the analyte 
concentrations determined by each laboratory is 
presented as boxplots in figure 14. Only data for the 
time when all four laboratories participated in the 
interlaboratory program are given in table 12 and 
figure 14.

Analyte bias for laboratories participating in the 
interlaboratory-comparison program also was 
evaluated by using the certified values and the 
estimated uncertainties reported by the NIST for

standard reference materials 2694 and 2694a, level I 
and level II. Bias was examined by comparing the 
median laboratory-reported values and tH certified 
values reported by NIST. Bias was indicated when the 
laboratory-reported values were outside the NIST- 
certified values plus or minus the estimated uncertainty 
reported by the NIST. Each laboratory vas sent 18 
NIST samples in 1991. ESE, IWD, and MOE were 
sent 3 samples of 2694-1, 6 samples of 2694a-I, and 9 
bottles of 2694-11. CAL was sent 2 samples of 2694-1, 
6 samples of 2694a-I, and 10 bottles of 2694-11. 
Consequently the median analysis summary for each 
laboratory is not based on an equal number of samples 
at the two NIST concentration levels. In 1991, all 
laboratories reported all requested analysis for the 
NIST samples with the exception of IWD, which did 
not report results for specific conductance. The CAL 
had 12 median analyses out of 22 that were outside the 
NIST range of uncertainty for the certified samples. 
MOE and ESE had 8 and 7 median analyses, 
respectively, out of 22 outside the NIST range of 
uncertainty. IWD had 8 median analyses out of 19 
outside the NIST range of uncertainty. / summary of 
the median-analysis estimates for each Irboratory and 
the certified values and estimated uncertainties for the 
NIST standard-reference materials 2694-12694a-I and 
2694-11 is presented in table 13.

Six ultrapure deionized water samples were 
included among the samples submitted to the 
participating laboratories. Data listed in table 14 give 
the number of times that each laboratory reported a 
concentration greater than the minimum reporting limit 
in a solution that would not be expected to contain any 
detectable analyte concentrations. Measured 
concentrations greater than the minimurr reporting 
limit for the ultrapure deionized water samples is an 
indication that there is a possible contamination 
problem. ESE reported eight determinaf'ons greater 
than the analyte minimum reporting limit. CAL, IWD, 
and MOE each had one determination greater than the 
minimum reporting limit. Six of the eigl * 
determinations reported by ESE as above detection 
limit were for calcium values that were below the 
minimum reporting limits of the other three 
participating laboratories. Of the 24 ultreoure samples 
analyzed for 8 constituents by the participating 
laboratories, only one individual determination was 
reported greater than the 5th percentile of 
concentration values measured in natural precipitation 
by the NADP/NTN in 1991 (James, 1993). This was 
for one potassium determination reported by ESE.
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Table 11. Pooled standard deviations for analytes determined by four laboratories participating in the 1991 intrrlaboratory- 
comparison program

[CAL, Illinois State Water Survey, Central Analytical Laboratory, Champaign III.; IWD, Inland Waters Directorate, National Water Quality Laboratory, 
Ontario, Canada; ESE, Environmental Science and Engineering, Inc., Gainesville, Fla., MOE, Ontario Ministry of the Environment; Nat, analyses of 
natural wet-deposition samples; Syn, analyses of synthetic wet-deposition samples and standard reference samples; all units in milligram" per liter except 
hydrogen ion, in microequivalents per liter, and specific conductance, in microsiemens per centimeter at 25 degrees Celsius; -, no data]

Analyte

Calcium
Magnesium
Sodium
Potassium
Ammonium
Chloride
Nitrate
Sulfate
Hydrogen ion
Specific 

conductance

CAL

Nat

0.002
.002
.009
.018
.006
.019
.007
.014
.62
.14

Syn

0.003
.002
.009
.003
.026
.021
.042
.040

2.92
.56

IWD

Nat

0.001
.001
.004
.045
.003
.036
.021
.017

1.05
 

Syn

0.003
.001
.005
.004
.018
.013
.033
.061

4.17
 

ESE

Nat

0.003
.001
.016
.047

.003

.045

.012

.023

.58

.289

Syn

0.003
.001
.014
.003
.012
.009
.018
.045

8.97
2.10

MOE

Nat

0.003
.001
.007
.172
.002
.147
.021
.013

1.37
.593

Syn

0.004
.001
.006
.011
.014
.018
.064
.114

3.57
1.27

Table 12. Percentile rankings for individual laboratory analyses of interlaboratory-comparison samples shipped to each of four 
laboratories

[CAL, Illinois State Water Survey, Central Analytical Laboratory, Champaign, III., IWD, Inland Waters Directorate, National Water Quality Laboratory, 
Ontario, Canada; ESE, Environmental Science and Engineering, Inc., Gainesville, Fla; MOE, Ontario Ministry of the Environment, Ontario, Canada; all units 
are in milligrams per liter, except hydrogen ion, in microequivalents per liter, and specific conductance, in microsiemens per centimeter at 25 degrees Celsius; 
 , no data]

Percentiles

Analyte

Calcium

Magnesium

Sodium

Potassium

Ammonium

Chloride

Nitrate

Sulfate

Hydrogen ion

Specific 
conductance

25th

0.020

.012

.040

.018

0.03

.11

.28

.85

15.9

10.5

CAL

50th

0.050

.024

.094

.028

0.11

.15

.70

1.34

26.0

13.9

75th

0.123

.037

.199

.057

0.23

.31

1.05

2.67

51.0

26.7

25th

0.018

.015

.040

.020

0.04

.13

.28

.85

14.8
 

IWD

50th

0.046

.027

.102

.033

0.13

.18

.64

1.33

24.0
~

75th

0.130

.039

.211

.060

0.22

.30

1.02

2.63

50.1
--

25th

0.022

.015

.044

.019

0.05

.11

.26

.90

15.1

10.1

ESE

50th

0.048

.027

.084

.035

0.12

.16

.64

1.33

23.4

13.1

75th

0.118

.038

.186

.063

0.21

.30

1.03

2.69

49.0

25.4

25th

0.020

.013

.047

.019

0.05

.11

.31

.86

14.1

8.4

MOE

50th

0.044

.025

.095

.029

0.14

.15

.73

1.33

25.1

12.0

75th

0.117

.035

.213

.068

0.24

.32

1.06

2.58

51.3

23.9
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Figure 14. Analytical results for selected water-quality constituents and properties determined by four laboratories 
participating in the interlaboratory-comparison program.
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Figure 14. Analytical results for selected water-quality constituents and properties determined by four laboratories 
participating in the interlaboratory-comparison program-Continued.
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Table 13. Median analysis estimates for standard reference materials 2694-1,2694a-1, and 2694-II from the Nat inal Institute 
of Standards and Technology

[NIST, National Institute of Standards and Technology; CAL, Illinois State Water Survey, Central Analytical Laboratory, Champaign, 111.; IWD, Inland 
Waters Directorate, National Water Quality Laboratory, Ontario, Canada; ESE, Environmental Science and Engineering Inc., Gainesville, Fla.; MOE, 
Ontario Ministry of Environment, Ontario, Canada; all units in milligrams per liter except pH, in units, and specific conductance, in microf'emens per 
centimeter at 25 degrees Celsius; <, less than; (N), the number of reported values; *, values outside the certified value plus or minus the estimate of 
uncertainty]

Analyte

Calcium

Magnesium

Sodium

Potassium

Ammonium

Chloride

Nitrate

Sulfate

pH

Specific
conductance

NIST 
standard

2694-1
2694A-I
2694-1 1
2694-1
2694a-I
2694-H
2694-1
2694a-I
2694-11
2694-1
2694a-I
2694-11
2694-1
2694a-I
2694-M
2694-1
2694a-I
2694-11
2694-1
2694a-I
2694-11
2694-1
2694a-I
2694-11
2694-1
2694a-I
2694-11
2694-1

2694a-I
2694-11

Certified 
NIST 

values

0.014
.013
.049
.024
.024
.051
.205
.208
.419
.052
.056
.106
~
~
--
--
~
-
~
~

7.06
2.75
2.69

10.9
4.27
4.30
3.59

26

25.4
130

Estimate 
of 

uncertainty

0.003
.0014
.011
.002
.0002
.003
.009
.002
.015
.007
.002
.008
~
--
~
~
-
~
-
~

.15
0.05
0.03

.2

.03

.03

.02
2

1.2
2

Laboratory analyses

CAL

*<0.010
*.010

.040

.024

.024

.048
*.181
*.199
*.384
.045

*.053
*.096
<.02

.115

.960

.25

.22
1.03
<.03

.54
7.21

*2.82
2.69

11.06
*4.22
4.28
3.57

*28.8

*27.0
*135.3

(N)

(2)
(6)

(10)
(2)
(6)

(10)
(2)
(6)

(10)
(2)
(6)

(10)
(2)
(6)

(10)
(2)
(6)

(10)
(2)
(6)

(10)
(2)
(6)

(10)
(2)
(6)

(10)
(2)

(6)
(10)

IWD

*0.019
*.011

.042

.023
*.026

.050

.212
*.211

.430
*.043

.055

.100
<.001

.127

.980

.27

.22
1.01
<.04

.51
6.99

*2.84
2.68

11.03
*4.21
4.28
3.57
~

-
~

(N)

(3)
(6)
(9)
(3)
(6)
(9)
(3)
(6)
(9)
(3)
(6)
(9)
(3)
(6)
(9)
(3)
(6)
(9)
(3)
(6)
(9)
(3)
(6)
(9)
(3)
(6)
(9)
(0)

(0)
(0)

ESE

0.015
.014
.048
.026

*.026
.053

*.189
*.176

.420

.052

.055

.114
<.013

.115

.992

.25

.22
1.05
<.035

.53
7.08

*2.84
2.70

11.00
*4.21
4.30

*3.55
25.9

25.8
*138

(N)

(3)
(6)
(9)
(3)
(6)
(9)
(3)
(6)
(9)
(3)
(6)
(9)
(3)
(6)
(9)
(3)
(6)
(9)
(3)
(6)
(9)
(3)
(6)
(9)
(3)
(6)
(9)
(3)

(6)
(9)

tfOE

<0.02
*.023

.044

.022

.024

.050

.208
*.213

.424
*.044
*.059

.102
<002

.139
1.015
.28
.23

1.04
<01

.62
7.13

*2.85
2.68

* 10.67
*4.18
4.28

*3.53
26.5

24.3
129.5

(N)

(3)
(6)
(9)
(3)
(6)
(9)
(3)
(6)
(9)
(3)
(6)
(9)
(3)
(6)
(9)
(3)
(6)
(9)
(3)
(6)
(9)
(3)
(6)
(9)
(3)
(6)
(9)
(3)

(6)
(9)
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Table 14. Number of analyte determinations greater than reporting limits for the ultrapure deionized-water samp'^s for 
each laboratory participating in the interlaboratory-comparison program during 1991

[CAL, Illinois State Water Survey, Central Analytical Laboratory, Champaign, 111.; IWD, Inland Waters Directorate, National Water Quality 
Laboratory, Ontario, Canada; ESE, Environmental Science and Engineering, Inc., Gainesville, Fla.; MOE, Ontario Ministry of Environment Ontario, 
Canada;N, none]

Concentrations reported that were greater than the minimum reporting limit

Anaiyte
Calcium
Magnesium
Sodium
Potassium
Ammonium
Chloride
Nitrate
Sulfate

CAL

N

N

1

N

N

N

N

N

IWD

N

N

N

N

1

N

N

N

ESE

6

N

N

1

1

N

N

N

MOE

N

N

N

N

N

1

N

N

COLLOCATED-SAMPLER PROGRAM

The collocated-sampler program was established 
in October 1988 to estimate the overall precision of the 
precipitation-monitoring system. This estimate of 
precision includes variability in the data-collection 
system from the point of sample collection through 
storage of the data in the NADP/NTN data base. 
Additional details of the collocated-sampler program 
along with precision estimates based upon the first 
2 years of the study are provided by Nilles and others 
(1991). Estimates of intrasite precision are provided in 
this report for sites that participated in the study during 
water year 1991.

Four sites that met several criteria were selected 
for each year of the collocated-sampler study. 
NADP/NTN guidelines for site selection and 
installation (Bigelow, 1984) were used in the 
establishment of each collocated site. A distribution of 
sites among diverse regional locations and among a 
range of precipitation regimes was needed. Only those 
sites with stable operational histories were considered 
to minimize data loss due to changes in personnel. 
Lack of room for collocated equipment was a common 
reason for eliminating from consideration several 
otherwise suitable fenced sites. The locations of sites 
participating in the collocated-sampler study in water 
year 1991 are shown in figure 15.

After the sites for the collocated-sampler 
program were selected, equipment was shipped by the 
USGS to each site and site supervisors or operators 
completed the installation of the equipment. Samples 
from each pair of collectors were processed by the site

operator by using standard NADP/NTN procedures 
(Bigelow and Dossett, 1988). Onsite pH and specific- 
conductance measurements on the samples from the 
newly installed collocated samplers were not renuired; 
however, a 20-mL aliquot was removed from smples 
of 70 mL or larger to provide equivalent treatments to 
both samples from the collocated-sampler site. All 
samples were analyzed by the CAL and all siter 
selected for the collocated sampler study were 
inspected by USGS personnel. The sites were 
inspected in August or September 1990 after 
equipment installation and before collection of tse first 
sample.

For wet-deposition samples, only data from 
samples with volume greater than 35 mL (lab ty^e 
"W") that did not require dilution were used in the 
statistical summaries. Median sample concentrations 
in weekly samples from the four sites are presented in 
table 15. Annual summaries of NADP/NTN data 
describe precipitation chemistry in units of 
concentration and deposition for ionic constituents 
(National Atmospheric Deposition Program, 19^1). 
Precision estimates for both concentration and 
deposition of ionic constituents are included in this 
report. The weekly precipitation depth associated with 
each Belfort recording rain gage was used in this report 
to calculate deposition values. This approach accounts 
for the variability due to differences in rain gage 
collection efficiency to be included in the precision 
estimates for deposition. Care was taken to select 
statistics that were meaningful in describing overall 
sampling precision and that were not overly sensitive 
to a few extreme outliers.
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EXPLANATION 

+ Collocated sites for water year 1991

SITE ABBREVIATIONS 
KS07- Farlington Fish Hatchery, Kansas 
IA08 - Big Springs Fish Hatchery, Iowa 
TN14 - Hatchie National Wildlife Refuge,

Tennessee 
NC36 - Jordon Creek, North Carolina

Figure 15. Location of National Atmospheric Deposition Program/National Trends Network sites with collocated samplers in 
water year 1991.

Table 15.--Median analyte concentrations and volume in weekly samples from collocated precipitation collector- and 
precipitation depth from collocated rain gages

[All units in milligrams per liter except: hydrogen ion in microequivalents per liter; specific conductance in microsiemens per centimeter at 25 degrees 
Celsius; sample volume in milliliters; and precipitation depth in centimeters]

Analyte

Calcium
Magnesium 
Sodium
Potassium
Ammonium
Chloride
Nitrate
Sulfate
Hydrogen ion 
Specific conductance 
Sample volume 
Precipitation depth

Sampling sites

IA08

0.434
0.063 
0.046
0.052
0.60
O.ll
1.56
1.63
2.46 

14.0 
1178. 

2.21

KS07

0.243
0.026 
0.086
0.041
0.44
0.15
1.33
1.62
8.13 

13.3 
861. 

1.63

NC36

0.059
0.035 
0.217
0.026
0.15
0.37
1.23
1.78

36.74 
22.9 

1451. 
2.12

TN14

0.087
0.017 
O.I 05
0.02 1
0.17
0.19
1. 04
1. 23

22.39 
1 3.6

1521 
2.24
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Precision estimates for each site are calculated 
from the relative and absolute differences between the 
pairs of collocated samples and are expressed as 
median relative and median absolute error for a given 
site and analyte. The equations used to estimate 
median relative and absolute error from collocated data
are: 

Median relative error = M

(in percent)

C.-C

(C,+C2)/2
*100

and

Median absolute error = MlCj   C 2 | 

(in mg/L or kg/ha)

where
M= median of all paired differences;
C j = Sample concentration (mg/L) from the origi­ 

nal precipitation sampler, or deposition 
(kg/ha) from the original precipitation sam­ 
pler and rain gage;

C2 = Sample concentration(mg/L) from the collo­ 
cated precipitation sampler, or deposi- 
tion(kg/ha) from the collocated precipitation 
sampler and rain gage.

Precision estimates defined by the median of the 
unsigned absolute or relative percent difference are 
fairly insensitive to a few extreme values. For sample 
pairs with low concentrations of ionic constituents, the 
relative percent error can be very large, although the 
absolute difference between the samples is small. The 
median number of valid sample pairs per site was 40 
and ranged from a high of 44 at NC36 to a low of 36 at 
KS07. When one or both of the paired measurements 
for a given analyte were reported as less than method 
detection limits, results from those measurements were 
not used in the calculation of precision for that site.

Median relative differences (MRD's) were the 
smallest for nitrate and sulfate concentration, ranging 
from 2.3 percent to 3.7 percent among the sites, and 
was consistent with the magnitude of MRD's calcu­ 
lated in previous years of the study. The same charac­ 
terization of precision is observed for specific 
conductance and collected sample volume from the 
AeroChem collectors. MRD's for these properties 
were uniformly small and consistent at all four sites 
despite differences in typical sample conductance and 
precipitation amounts between the sites. The MRD for 
specific conductance was 4.7 percent or less at all sites, 
while the MRD for sample volume collected from the 
AeroChem collectors was 2.8 percent or less. MRD's

for the sample chemistry in terms of concentrat : on and 
for sample volume is provided in table 16. MFD's for 
sample chemistry deposition and precipitation depth 
are provided in table 17.

The MRD's were larger and more variable from 
site to site for all cations and particularly for cations 
whose concentrations typically were near laboratory 
detection limits. Assuming that random contamination 
is independent of sample concentration and laboratory 
error increases with lower concentration samphs, an 
increase in relative error at sites with lower 
concentrations would be expected. For example, the 
MRD for potassium concentration and deposition 
ranged from 12.5 percent to 31.6 percent between sites.

As in previous years, the precision for hydrogen- 
ion concentration and deposition varied greatly in 
absolute and in relative terms between the sites 
depending upon the acidity of the precipitation at a 
given collocated site. MRD's for hydrogen ion 
concentration ranged from 4.6 percent at NC36 to 
14.9 percent at IA08. The difference in precision 
estimates for hydrogen ion at these sites can be 
accounted for by differences in median concentration. 
Median hydrogen-ion concentration at NC36 was 15 
times greater than that of IA08.

MRD's calculated for weekly analyte deposition 
at the four sites incorporates variability due to 
differences in sample depth between the originrl and 
collocated Belfort recording rain gages as well as 
chemistry differences. Although not consistent among 
sites or analytes, median relative differences typically 
were 2 to 5 percentage points higher when calculated 
using deposition data rather than concentration data 
(tables 16 and 17).

An exception to this was a large increase in the 
MRD's for deposition compared to concentratior at site 
KS07. A significant (a=0.01) bias of about +15 
percent for the collocated rain gage compared to the 
original rain gage was noted by the site operate" 
following several weeks of sampling at this site. The 
site supervisor made a follow-up visit to the site, 
checked both gages with standard calibration weights, 
and made minor adjustments to both gages. Following 
adjustment, both gages again met the NADF/W^N 
specifications for accuracy. Despite this effort, the 
bias, which may have been caused by sticking cf the 
original rain gage during precipitation, continued for 
the remainder of the collocated sampling period that 
ended in October 1991.

In April 1992, an NADP/NTN external si*e 
auditor determined the rain gage at site KS07 to be 
calibrated within 0.12 cm for the 0- to 15.24-crr 
precipitation range and significantly out of calibration 
for the 15.25- to 30.48-cm range. The auditor
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Table 16. Median relative error for analyte concentrations and sample volume in weekly samples from collocated wet-dry 
precipitation collectors

[All data expressed in percent. See figure 15 for site locations]

Sampling sites

Analyte
Calcium

Magnesium

Sodium

Potassium

Ammonium

Chloride

Nitrate

Sulfate

Hydrogen ion

Specific conductance

Sample volume

IA08

8.6

10.2

18.8

30.5

8.2

8.7

3.2

2.9

14.9

4.0

2.8

KS07

8.3

11.1

11.2

21.6

7.3

8.7

3.5

3.7

11.5

4.7

2.1

NC36

8.0

5.8

6.0

12.5

14.3

3.9

2.5

2.3

4.6

2.6

1.2

TN14

1 0.4

II. 8

11.8

13.2

11.8

5.7

3.1

3.2

6.9

2.4

1.3

Table 17. Median relative error for analyte depositions in weekly samples from collocated wet-dry precipitation collectors and 
precipitation depth from collocated rain gages

[All data expressed in percent. See figure 15 site locations]

Sampling sites

Analyte

Calcium

Magnesium

Sodium

Potassium
Ammonium

Chloride

Nitrate

Sulfate

Hydrogen ion

Precipitation depth

IA08

9.2

12.4

15.0

31.6

7.5
10.2

4.6
3.6

14.5

2.9

KS07

12.6

16.6

15.6

20.4
12.5

17.0

12.6

14.1

18.3

16.1

NC36

10.9

7.0

7.1

13.3
15.1

3.9

3.4

2.3

6.4

.9

TN14

12.5

1 4.2

12.3

1 6.2
1 3.0

8.0

4. 1

3.2

5.8

1. 9

recalibrated the gage at that time. The miscalibration 
could have occurred during the attempt to adjust the 
original gage during the collocated sampling period or 
following the end of collocated sampling. Three 
conclusions result: (1) It is very unlikely that a bias in 
rain-gage measurements of the magnitude experienced 
at site KS07 would have been recognized without the 
presence of the collocated rain gage. (2) Field 
adjustments made to the gages with the aid of standard 
calibration weights were not successful in eliminating 
the bias during actual precipitation measurements even 
though the calibration seemed satisfactory following 
adjustments. (3) Bias in rain-gage measurements has a

large effect on precision estimates derived from 
collocated measurements for deposition at an 
individual site.

In table 18, collocated-analyte precision 
estimates are compared to analytical precision 
estimates calculated in the same manner from 52 
replicate natural precipitation samples submitted to the 
CAL in 1991 as part of an interlaborator'-comparison 
program. Aliquots of natural, weekly, w^t-deposition 
samples with volumes greater than 750 rrL are used in 
the USGS interlaboratory-comparison programs. The 
natural interlaboratory samples had slightly lower 
specific conductance and median concentrations of
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Table 18. Median absolute error for analyte concentrations from weekly collocated wet-dry precipitation samples and 
replicate natural samples

[All units in milligrams per liter except: hydrogen ion in microequivalents per liter; and specific conductance in microsiemens per centimeter at 2 5 degrees 
Celsius; CAL, Central Analytical Laboratory, Illinois State Water Survey. See figure 15 for site locations]

Sampling site

Analyte

Calcium
Magnesium
Sodium
Potassium
Ammonium
Chloride
Nitrate
Sulfate
Hydrogen ion
Specific conductance

IA08

0.033
.007
.009
.Oil
.04
.01
.05
.05

1.08
.60

KS07

0.021
.033
.009
.009
.03
.01
.05
.07
.96
.60

NC36

0.007
.002
.012
.003
.02
.01
.03
.03

1.66
.50

TN14

0.009
.002
.007
.003
.02
.01
.03
.03

1.13
.40

CAl

>.OC1
.OC1
.OC2
.OC1

>.01
>.01

.01
>.01

.18

.10

Table 19. Bias for analyte concentrations and sample volume in weekly samples from collocated wet-dry precipitation 
collectors and precipitation depth from collocated rain gages

[All data expressed in percent. See figure 15 for site locations]

Sampling site

Analyte

Calcium
Magnesium
Sodium
Potassium
Ammonium
Chloride
Nitrate
Sulfate
Hydrogen ion
Specific conductance
Sample volume
Precipitation depth

IA08
-4.4
-4.4
-6.6

-10.9
-2.9

0.0
-1.8
-2.3

9.2
0.6

-1.9

0.0

KS07

6.9
6.9

-0.5

12.0
3.1
0.0
2.6
3.5
2.3

2.2
1.7

-15.4

NC36
-1.3

0.0
0.0

-3.4

0.0
0.0
0.0
0.0

-3.5
-1.5

0.3
-0.5

TN14
-4.5
-4.7

2.7
-1. 5
-3.3

0.0
-1.8
-2.2

0.0
-0.6
-l.O

1. 3

analytes when compared to all NADP/NTN network 
samples analyzed at the CAL. This program is 
described in detail in the Interlaboratory-Comparison 
Program section of this report.

Laboratory random error, as calculated from 
replicate samples submitted to the CAL for analysis, is 
estimated typically to account for one-fifth of the 
overall collocated-sampling error, although the fraction 
of sampling error attributable to laboratory random 
error varies with site and with analyte. Laboratory 
error is calculated in this report from a random group

of replicate samples selected from all NADP/NTN wet- 
deposition samples submitted to the CAL for analysis. 
Comparisons of laboratory random error calculated 
this way to sampling error has limitations, because 
sampling error is very site specific for some anrlytes. 
For example, one might infer from table 18 that 
laboratory error in the determination of magnesium 
accounts for 50 percent of the overall sampling error at 
sites NC36 and TN14. This type of specific 
partitioning of error would only be valid if the
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laboratory error term was calculated from a number of 
replicate samples collected at those sites.

Bias was evaluated for each site and analyte by 
using the median signed difference between collocated 
sample concentrations (table 19). Bias estimates for 
sample volume from the precipitation collectors and 
precipitation depth from the recording rain gages also 
were calculated. Because the collocated paired 
samples were shipped from the sites weekly to the 
same laboratory at the same time, the authors attribute 
bias in the data-set pairs to systematic differences in: 
(1) sampler response, (2) sample collection, and 
(3) sample handling prior to shipment. With the 
exception of precipitation depth measurements at site 
K.S07, and consequently all precision estimates for 
deposition at that site, bias for analytes accounted for 
less than 20 percent of the overall relative error in 
collocated measurements. The absence of bias as a 
significant contributor to overall variability in 
NADP/NTN wet-chemistry measurements in this 
study is not surprising due to the excellent precision 
and lack of bias in the collectors. For example, the bias 
at site NC36 was 0 percent for 6 of the 10 analytes 
examined and exceeded 3 percent only for potassium 
and hydrogen. The bias in sample volume collected 
from the samplers at NC36 was only +0.3 percent. 
Bias in sample volume between collectors did not 
exceed 2 percent, and the MRD did not exceed 3 
percent at any sites operated during water year 1991.

SUMMARY

During 1991, the U.S. Geological Survey used 
four programs designed to provide external quality- 
assurance monitoring for the National Atmospheric 
Deposition Program and the National Trends Network 
(NADP/NTN). An intersite-comparison program was 
used to estimate the accuracy and precision of onsite 
pH and specific-conductance determinations. A blind- 
audit program was used to assess the effects of routine 
sample handling, processing, and shipping of wet- 
deposition samples on the precision and bias of 
NADP/NTN wet-deposition data. As part of the 
interlaboratory-comparison program, analytical results 
from four laboratories that routinely analyze wet- 
deposition samples were examined to determine 
estimates of analytical bias and precision for major 
constituents in wet deposition from each laboratory. A 
collocated-sampler program was used to determine the 
overall precision of NADP/NTN wet-deposition data at 
selected sites in the network.

Of the 188 site operators submitting pH data on 
time in study 27, 93 percent reported pH values within 
the NADP/NTN accuracy goals of ±0.10 pH unit. For

specific conductance, 96 percent of the 187 s ; te 
operators that reported specific conductance values on 
time in study 27 met the accuracy goals of ±4.0 |4,S/cm. 
To assess possible matrix effects on the ability of site 
operators to make accurate measurements, tvo 
different solutions were used in study 28. Solution A 
was a typical intersite solution prepared from ultrapure 
deionized water and nitric acid. Solution B was 
prepared by compositing 5 liters of filtered natural 
precipitation samples. No statistical differences were 
detected between the results for the two typer of 
solutions. Of the 181 site operators submitting pH data 
on time in study 28, 86 percent successfully net the 
accuracy goals. The artificial matrix solution used in 
study 28 had a calculated specific conductance of 
8.0 (iS/cm. The median of all responding site operators 
that received solution A was 8.6 (iS/cm; the n^dian of 
all responding site operators receiving solution B was 
12.2 (iS/cm. A total of 97 percent of the 181 specific- 
conductance values reported in study 28 were within 
the NADP/NTN accuracy goals.

Depending on a combination of performance 
factors, site operators that did not meet the pF- 
measurement accuracy goals in 1991 were asked to 
participate in the intersite-comparison study f illow-up 
program. In study 27, a total of 14 site operators were 
asked to participate in the follow-up program; in study 
28, there were 26 site operators that participated.

A Wilcoxon signed-ranks test was used1 to 
determine if any significant differences existed 
between the analyte concentrations measured for the 
paired bucket and bottle portions of the blind-audit 
samples. Results for 1991 indicated significant 
(a=.01) positive bias for calcium, magnesium, sodium, 
potassium, chloride, nitrate, and sulfate. Significant 
(a=.01) negative bias was determined for hydrogen ion 
and specific conductance. The percent bias was 
calculated for all of the bucket-minus-bottle paired 
differences by calculating each paired difference as a 
percentage of the concentration measured in the bottle 
portion of the bucket-bottle data pair. The median 
percent bias of-38.3 percent for hydrogen ior was 
largest percent bias for all of the analytes, and indicates 
that significant losses of hydrogen ion frequently occur 
from all samples collected in the 13-L polyethylene 
buckets used by the NADP/NTN. The percen* bias for 
specific conductance was also very large, -21.1 percent. 
At the opposite extreme, the percent bias for both 
nitrate and sulfate was less than 5 percent Excluding 
bucket-bottle data pairs if the target concentration of 
the blind-audit sample was less than the minimum 
reporting limit, the percent bias for the remaining six 
analytes was within a range of 9.1 to 15.4 percent. 
These results are an indication that contamins tion of
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the bucket samples, and probably all NADP/NTN wet- 
deposition samples, was occurring as a result of 
sample-handling and sample-shipping procedures for 
all of the analytes except nitrate and sulfate.

To determine if a relation existed between the 
volume collected in the bucket and the differences 
between the analyte concentrations in the bucket and 
bottle portions of the blind-audit sample, sixteen 
250-mL, fifteen 500-mL, and sixteen 1,000-mL bottles 
of the same solution (USGS) were sent to the operators 
of selected sites in 1991. Results of a Kruskal-Wallis 
test indicate no significant (a=0.01) difference in 
bucket-minus-bottle concentrations for potassium, 
ammonium, sulfate and specific conductance, whereas 
statistically significant (o=0.01) differences existed for 
calcium, magnesium, sodium, chloride, nitrate, and 
hydrogen ion.

As part of the interlaboratory-comparison 
program, examinations of data from four laboratories 
using a Kruskal-Wallis test indicated no significant 
difference among laboratory determinations for all 
analytes examined. As in 1990, a similar degree of 
precision in the analyses of interlaboratory samples 
compared to blind-audit samples analyzed at the CAL 
indicates that although significant changes occur in 
samples due to sample handling and shipping 
procedures, the variability is not increased appreciably 
for most analytes. Analytical results from National 
Institute of Standards and Technology reference 
solutions indicated that the CAL had 12 median 
analyses out of 22 that were significantly different from 
the certified values. MOE and ESE had 8 and 7 median 
analyses out of 22 respectively that were significantly 
different from the certified values. IWD had 7 median 
analyses out of 19 that were significantly different from 
the certified values. ESE reported eight determinations 
larger than the minimum reporting limit for the 
analyses of ultrapure deionized water samples, whereas 
CAL, IWD, and MOE reported one determination each 
that was greater than the minimum reporting limits. 
Six of the eight determinations reported by IWD as 
greater than reporting limits were for calcium and were 
values that were below the reporting limits of the other 
three laboratories.

An ongoing collocated-sampler program was 
used to estimate the overall variability of chemical 
measurements of wet-deposition data collected for the 
NADP/NTN. The estimates of precision include all 
variability in the data-collection system, from the point 
of sample collection through storage in the 
NADP/NTN data base. Weekly wet-deposition 
samples and precipitation measurements from 
collocated NADP/NTN sites were compared. 
Estimates of precision were calculated in units of

median relative difference and in terms of med : in 
absolute difference for both concentration and 
deposition of ionic constituents of wet deposition. The 
median relative error for sulfate, nitrate and co'lected 
sample volume was typically less than the median 
relative error calculated for the other analytes 
examined. Relative error typically was greatest for 
cations, with median relative error exceeding e?$ht 
percent at most sites. As in previous years, the 
precision for hydrogen concentration and deposition 
varied greatly in absolute and in relative terms among 
the sites depending upon the acidity of the precipitation 
at a given collocated site. Laboratory error is estimated 
typically to account for one-fifth of the overall 
collocated-sampling error on the basis of data from 
replicate natural samples analyzed at the CAL. Bias in 
collocated measurements typically accounted for less 
than 25 percent of the overall error in collocated 
measurements although a bias in measurements 
between the original and collocated recording rain gage 
at site KS07 resulted in significantly increased 
differences in deposition measurements at that site.
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