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Oct 1
- Dec 31, 1983 Central Laboratories

QUALITY ASSURANCE REPORT

INTRODUCTION

Standard reference materials taken from the U. S. Geological Survey Standard
Reference Water Sample (SRWS) Program (Schroder and others. 1980; Skougstad and
Fishman, 1975) ,

and non-Central Laboratory sources are prepared in the Ocala Water
Quality Service Unit (QWSU) . Ocala, Florida, disguised as routine samples, and
distributed to Water Resources Division (WRD) offices. The reference materials are
then submitted to the Central Laboratories by the WRD offices on a specified schedule for
the determination of major constituents, nutrients, and trace metals. The analytical
schedules are chosen to reflect the frequency of analyses for the various constituents.
The program is designed so that at least one reference sample should be sent to each
laboratory each day for constituents that are determined daily. AII constituents in
reference materials used to date have been in the dissolved phase: data designated as
"total" or "total recoverable" are from samples which have undergone a digestion
process, rather than from untiltered or "whole-water" samples. All samples
designated as "totaP were analyzed by atomic absorption spectrometry. For the period
of this report. analyses were limited to major constituents including specific
conductance, nutrients, and trace elements. Samples of precipitation level analyses
and selected organic constituents were not shipped to laboratories during the period of
this report. These types of analyses will be presented in the next report.

For the period of this report, the following terms are defined:

Majgr constituents - Alkalinity, boron, calcium. chloride, dissolved solids,
fluoride, magneslum, potassium, silica, sodium, sulfate.

J_rac_e _Metalg -- Aluminum; antimony: arsenic; barium: barium, total
recoverable: beryllium: cadmium; cadmium, total recoverable; chromium; chromium,
total recoverable; cobalt: cobalt, total recoverable; copper, copper, total
recoverable: Iron: Iron, total recoverable; lead: lead, total recoverable: lithium;
ananganese: manganese, total recoverable; molybdenum; nickel; nickel, total
recoverable: selenium; silver: silver, total recoverable: strontium; zinc: zino, total
recoverable.

Nutrients- Ammonia; ammonia plus organic nitrogen: carbon, organto; nitrate
os nitrite-nitrogen: nitrite-nitrogen; phosphorous; phosphorous, ortho.

ICE - Analyses done by inductively coupled plasma spectrometry.

& - Analyses done by atomic absorption spectrometry.

Once the analysis has passed through the laboratories'quality control and quality
assurance routines, the data are permanently stored in WATSTORE. These data reflect
the typical quality of results produced by each laboratory and received by each district.

The purpose of this program is to document the quality of data that is generated by the
laboratories. The program la not intended to replace the Internal quality assurance
programs administered by the laboratory chiefs.
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Tables 1 and 2 summarize the results of major constituents, specific conductance
and trace elements, respectively for the Atlanta and Denver Central Laboratories.
Expectation of a normal distribution impiles that about 68 percent of the results would be
within 1 standard deviation of the most probable value ( MPV) and about 95 percent
would be within 2 standard deviations. Analyses are considered acceptable if they are
within 2 standard deviations of the MPV,

Tables 3 through 6 list each individual value which exceeded the two most probable
standard deviation ( MPSD) criteria.

Table 7 lists the means and standard deviations for each nutrient mixture
submitted to each laboratory,

Table 8 shows the results of a 1
statistic evaluation on the data in table 7.

Figures A1 through A54 and D1 through D54 are control charts of each constituent
with time and give a pictorial view of the precision, blas, and possible trends of the data
for each laboratory. The ranges given in the legend are approximate and represent the
lower. middle, and upper thirds of the range of reference materials available. Starting
with this report, data are plotted by log-in dates rather than dates shipped to laboratory
as in the past reports. Those samples which take a longer than average time in the
laboratory will no longer be plotted until the annual report is published.

Evaluation _a_nd statistical criteria

Many of the reference samples were prepared by mixing together two or more
SRWSs. The most probable values (MPV) were calculated using a volume-welghted
average of the known MPVs. Although a theoretical specific conductance which is

calculated by simply averaging the individual specific conductance values may not
always be accurate, this approach has been shown to be acceptable for these samples
(Peart & Thomas, 1983a) . Mixtures that do not behave in a Ilnear fashion have not
been used.

Starting with this report the means and standard deviations for all parameters are
taken from the results of the Interlaboratory, method specific analyses of SRWS No. 24
through 83. For barium, cadmlum, cobalt, copper. Iron, lead, manganese,
molybdenum, and zinc, this report marks the first time method-specific data have been
used to evaluate them. Previous reports have included method-specific data for other
inorganic constituents. In conformance with WRD Memorandum 81. 79, an Individual
value was considered acceptable 11 it was less than or equal to 2 standard deviations
from the most probable value. The MPSD for each constituent was calculated using a

least squares regression analysis of the means and standard deviations obtained from
the stated sources. In certain situations, this criterion was impossible to meet. An
administrative decision was made to establish a minimum standard deviation for each
constituent equal to three-quartersof the value of the reporting level to allow at least one
reportable value on each side of the MPV to be accetped. For e×ample, the minimum
standard deviation for copper reported to the nearest 10 Ag/L is set to 7. 5 Ag/L and for
silver reported to the nearest 1 Ag/L is 0. 75 µg/L.

Because of an Insufficient supply of SRWSs for nutrients (ammonia, ammonia plus
organic nitrogen, nitrate plus nitrite, nitrite, orthophosphate, phosphorus, and organic
carbon) ,

most of the reference materials used during this period were made from
reagent chemicals in the Ocala facility. Methods for preparing these samples are

2



essentially the same as those used in preparing the nutrient samples for the SRWS

program; however, stability is uncertain and there are no data from which a list of most
probable values can be determined. Therefore, the samples were treated as split
samples of unknown concentrations and statistical tests were performed to determine if

significant differences existed between the performance of the two laboratories.

As more fully described in WRD Memorandum 81. 79 and Friedman, Bradford and
Peart, 1983, a binomial distribution was used to evaluate the overall analytical precision
for each major and trace constituent. The criteria used gave less than a 1 percent
chance that a determination will be considered "unacceptable" solely due to random
errors.

Similarly, bias was determined by first examining the number of values which were
greater than and less than the MPVs. A binomial probability distribution (at the 50

percent level) was then used such that there was less than a 1 percent chance that a

determination would be considered biased solely due to random errors.

To determine a measure of comparability between the two laboratories, the raw
data were evaluated using a modification of the WIIcoxon Rank-Sum test (Crawford.
Slack. & Hirsch, 1983) . Each mixture was ranked separately so that the actual
concentration differences between mixtures did not affect the outcome of the test, By

using this method, the undesireable effects of outliers are eliminated without eliminating
the outliers themselves from the data under consideration.

ANALYTICAL PRECISION

Determination of the following constituents showed statistically significant lack of

precision:

Atlanta Central L Iggry - barium ( ICP) : lead ( AA) ;
and lead ,

total
recoverable.

Qe_rtvg_r _Cen_tral Laboratory - copper(ICP) :
copper, total recoverable: lead, total

recoverable; molybdenum(AA) : and zinc, total recoverable.

ANALYTICAL BIAS

Determination of the following constituents showed statistically significant bias:

Atlanta Central Laboratory

Positiveblas: alkallnity: barium(ICP): Calclum(ICP): chloride; cobalt(ICP):
dissolved solids; lead(!CP)

:
magnesium(ICP)

; silica; sodium(ICP) : and specific
conductance

Negative blas: aluminum; arsenic: nickel; potasslum; and selenium.

Denver Central Laboratory

Positive blas: alkalinity; chloride: copper, total recoverable; fluoride:
Iron(AA) ; Iron, total recoverable: lead(ICP)

:
lead(AA) :

magneslum(ICP) ; silica;
sodlum(ICP) :

and zinc, total recoverable.

Negative blas: aluminum; barium(ICP) :
barium(AA) :

manganese(ICP) :

3



manganese, total recoverable; and molybdenum(AA) .

COMPARABILITY BETWEEN LABORATORIES

The following constituents showed statistically significant differences with respect
to the means of the ranked data. Indicating lack of comparability between the
laboratories: Alkalinity; barium(ICP) : barium, total recoverable; beryllium;
calclum(ICP)

; chromium; cobalt(ICP) : copper, total recoverabale: dissolved solids:
Iron(AA)

; lithium: manganese(ICP)
; manganese(AA) : molybdenum(AA)

: nickel;
nickel, total recoverable: selenium: silver, total recoverable: sodlum(AA) :

sodlum(ICP); specificconductance: zinc(AA); andzInc, totairecoverable.
Data in table 8 show that both laboratories are performing similarly on all nutrient

parameters except ammonia and nitrite plus nitrate-nitrogen. In which the means are
similar but the standard devlations are significantly different. The laboratories have had
similar means on all nutrients parameters for the past two quarters. They have shown
a significantly different standard deviation for ammonia for three of the last four quarters
and for nitrlte plus nitrate for the last two quarters.

DISCUSSION AND RECOMMENDATIONS

No data for mercury are presented here. We will resume our quality-assurance
efforts for mercury following a resolution of the preservation questions discussed in
previous reports.

It appears that both laboratories are consistent and In compliance with the Quality
of Water Branch policy of reporting "less than the lower Ilmit of detection" rather than
zeros for major constituents and trace elements.

There seems to be a problem with one mix used during this reporting period.
The same mix for major constituents was used at two different times. In general, data
from both laboratories seem to be in agreement for most constituents each time the mix
was used. However, the laboratories' data, especially Denver, do not agree with the
MPV for one of the two time periods. It appears that there may have been a small error
In the dilution of the mix one time or since the levels were very low, the standard
deviations were very small and a small laboratory error could explain the problem. It

was decided that the data would stay in the report but it would be excluded when testing
for lack of precision and blas. Since the laboratories seem to compare very well to
each other, the values were left In for the comparability test.

Each of the statistical tests applied to the data as well as the information displayed
in the figures (figs. Al-D54) shows a different aspect of the data and may produce
results which appear confusing and even contradictory at times. However, a careful
evaluation will allow the correct concluslon to be reached. One example is a situation
where a constituent shows no lack of precision or bias in either lab, but the WIIcoxon
rank-sum test Indicates a significant difference between the two labs. One can then
look at the figures and may see that one lab has a slight (though not statistically
significant) bias in one direction while the other lab has a slight blas in the other
direction; or in a much less obvious situation, the figures may look almost identical.
One would then conclude that one lab has a general tendency to produce data that is
slightly biased with respect to the other, although this bias would not affect data
interpretation because neither lab is producing data that can be classifled as biased or
imprecise.
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in a second example, neither lab shows lack of precision, one lab shows bias but
the rank-sum test Indicates no significant differences and the figures look very similar.
The fact that one lab shows significant bias and the other does not is probably due to the
fact that it is a borderline situation. There are frequent instances where a constituent
misses being classified or is classified as biased by one or two data points. The
figures are important in this situation to determine the magnitude of the bias and its

resultant effect on data interpretation. If the data are clustered together very close to
the zero line, but enough are on one side to indicate a significant bias, this bias would
probably not affect data interpretation. It is also important to remember that the
standards used here are "most probable values" not a series of "true values", and that
they were determined empirically. Consistent or frequently recurring bias of this type
may then be interpreted as method or operator related. One must conclude that the
two labs are producing comparable data.

SUMMARY AND CONCLUSIONS

Many constituents passed all the statistical tests and can therefore be classified
as having acceptable precision, bias and comparability between the labs. Others have
shown some statistically significant difference but in a way that would not affect data
interpretation (see discussion and examples in the previous section) . And others do
indeed have notable differences.

Constituents for which no statistically significant difference was found for any test
applied during this quarter include: boron; cadmium(ICP): cadmium(AA): cadmium,
total recoverable; calcium(AA): chromium, total recoverable: cobalt(AA): cobalt,
totalrecoverable: copper(AA): Iron(ICP): magnesium(AA): molybdenum(ICP):
silver: strontium; sultate: zinc. This represents about 30% of all the constituents.

Constituents for which a significant difference was found for at least one test but
where the difference(s) is considered to be of minimal importance include: arsenic;
barium (AA) , barium, total recoverable; beryllium: chromium: cobalt (ICP)
copper(ICP); dissolved solids; Ilthium; manganese(ICP): manganese(AA);
manganese, total recoverable: nickel; selenium; silver, total recoverable; and
zinc(AA) ,

Constituents for which both labs show bias in the same direction but where over 95% of

the data fall within two standard deviations from the MPV include:

Alkaltnity - Both labs show a positive bias and the rank-sum test Indicates lack of

comparability. Denver had a positive bias in both the 1982 and 1983 annual
reports (Peart and Thomas, 1983b, 1984) and Atlanta had a positive bias in

1983. The lack of comparabliity is likely due to the two outilers in Denver
(Nov. and Dec. ,

fig. Ol) .
The bias is small and may be due to slight but

consistent overtitration,
Aluminurn - Both labs show a negative bias and the rank-sum test indicates data are

comparable. Atlanta had a positive bias in both the 1982 and 1988 annual
reports ( Peart and Thomas, 1983b, 1984. Denver had a negative bias while
Atlanta was unbiased in .the last quarter of 1988 water year. Since Denver is

using the DC plasma method, and Atlanta is using the AA method, the bias
may be method related.

Chloride - Both labs show a positive bias and the rank-sum test indicates data are
comparable. Atlanta has not previously shown positive bias for this
constituent. Denver had a positive bias in the last quarter of WYB3 and also
for the overall evaluation for WYSS (Peart and Thomas. 1984) .
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Lead(ICP) - Both labs show a positive bias and the rank-sum test indicates data are
comparable.

Magnesium(ICP) - Both labs show a positive bias and the rank-sum test indicates data
are comparable. Other than for this quarter. Atlanta has never shown a

positive bias for this constituent. Denver has infrequently shown a positive
bias for this constituent.

Silica - Both labs show a positive bias and the rank-sum test Indicates data are
comparable.

Constituents for which a significant difference was found for at least one test but
where the influence of the difference(s) on data interpretation is questionable
include:

Calclum(lCP) - Atlanta shows a positive bias which it has not had in the last three
reports. The rank-sum test Indicates significance. However, over 92% of
the data from both labs are within two standard deviations from the MPV.

Fluoride - Denver shows a positive blas. No lack of precision is shown in either lab and
the rank-sum test did not Indicate significance. Atlanta had less than 60% of
data within one standard deviation from the MPV.

Iron, total recoverable - Denver shows a positive blas. Both labs had a positive bias
for 1983 annual report ( Peart and Thomas, 1984) .

Nickel, total recov able - No blas or lack of precision is shown in either lab. The rank-
sum test indicates a significant difference in comparability. While Atlanta has
100% or data within one standard deviation from MPV, Denver has only 33. 3%.

Potasslum - The rank-sum test indicates that the data are comparable but Atlanta shows
a negative bias. Atlanta had a negative bias in the 1982 and 1983 annual
reports ( Peart and Thomas. 1983b. 1984) . Denver had a negative bias in
1983 annual but was not biased in 1982 water year. The cluster of October
values (figure D42) over two standard deviations from MPV were from the mix
discussed earlier, and were disregarded before testing for bias or lack of
precision.

Sodium(ICP) - Both labs show a positive bias and the rank-sum test indicates a lack of
comparability. Both labs have shown a positive bias In the 1982 and 1983
annual report (Peart and Thomas, 1983b, 1984),

Sodium(AA) - The Rank-sum test indicates lack of comparability. No lack of precision
or bias is found. The four values (figure D48) over two standard deviations
frorn the MPV in Denver were from the mix discussed previously and they were
disregarded before testing for lack of precision. The corresponding Atlanta
values were not over two standard deviations,

Constituents for which significani dlfferences were found for at least one test and
that appear to warrant some corrective action include:
Barium(ICP) - Atlanta shows a lack of precision and a positive blas. Denver shows a

negative bias and the rank-sum test shows lack of comparability. Atlanta had
less than 50% of its data within two standard deviations of the MPV. Better
control of precision and blas in Atlanta and of bias in Denver is warranted.

Copper. total recoverable - Denver shows lack of precision and a positive blas. The
rank-sum test Indicates lack of comparability. While Atlanta had 100% of
data within one standard devlation Denver had only 33. 3% within two standard
deviations. Better control of precision and bias in Denver is warranted.

Iron(AA) - Denver shows a positive bias and the rank-sum test Indicates lack of
comparability. Denver has shown a positive blas for Iron in the last three
reports but does not show a bias for Iron(ICP) .

Lead(AA) - Atlanta shows a lack of precision and Denver shows a positive blas. The
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rank-sum test does not show a lack of comparability. Better control of

precision in Atlanta is warranted.
Lead, total recoverable - Both labs show a lack of precision. Neither lab shows a bias

and the rank-sum test does not indicate a lack of comparability.
Molybdenum(AA) - Denver shows a lack of precision and a negative blas. The rank-

sum test shows lack of comparability. Denver has 76. 2% of data within two
standard deviations of the MPV while Atlanta has 83. 3%. Both labs need
better control of precision.

Specific Conductance - Atlanta shows a positive blas and the rank-sum test indicates
lack of comparability. Atlanta has shown a positive bias in two of the last
three reports.

Zinc. total recoverable - Denver shows a lack of precision and a positive blas. The
rank-sum test indicates a lack of comparability. While Atlanta had 100% of

data within two standard deviations of the MPV. Denver had only 66. 7%.

Better control of bias and precision in Denver is warranted.
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Table 1. --Summary of results for major constituents and specific conductance
(All constituents were in the dissolved phase)

Atlanta Denver
Determination

No. of Percent Percent No. of Percent Percent
samples 3 1 1 2 samples 1 2

standard standard standard standard
deviation deviations deviation deviations

Alkalinity 57 93.0 100 64 90.6 96.9

Boron 19 100 100 25 92.0 100

Calcitun(ICP')' 42 69.0 92.9 52 75.0 92.3

Calcitun(AA)' 12 66.7 83.3 11 54.5 63.6

Chloride 57 87.7 98.2 64 85.9 100

Dissolved solids 54 94.4 98.1 59 88.1 94.9

Fluoride 57 57.9 93.0 64 70.3 89.1

Magnesitun(ICP)' 42 95.2 100 52 88.5 96.2

Magneslum(AA)' 12 66.7 91.7 11 54.5 81.8

Potasslum' 54 74.1 98.1 63 61.9 79.4

Silica 57 87.7 100 64 98.4 100

Soditun(ICP) 42 59.5 90.5 52 92.3 100

Soditun(AA)' 12 91.7 100 11 63.6 63.6

Specific 57 75.4 100 64 76.6 98.4Conductancel

Sulfate 57 93.0 100 64 90.6 100

| 5 Escussron cod Secommencio ens.



Table 2. --Summary of results for trace metals
(All constituents were in the dissolved phase, data designated as

"total recoverable" are from samples which have undergone a preliminary digestion]

Atlanta Denver
Determination

No. of Percent Percent No. of Percent Percent
samples 1 1 1 2 samples 3 1 2

standard standard standard standard
deviation deviations deviation deviations

Aluminum 27 88.9 96.3 24 100 100

Antimony 3 100 100 3 100 100

Arsenic 49 89.8 100 48 95.8 100

Barlum(ICP) 23 13.0 47.8 23 69.6 82.6

Baritun(AA) 11 54.5 100 12 50 100

Baritun, total 11 63.6 100 12 83.3 100
recoverable

BegIllum 23 95.7 100 23 82.6 100

Cadmiurn(ICP) 23 87.0 100 23 82.6 95.7

Cadmium(AA) 35 80.0 97.1 33 87.9 90.9

Cadmium, total 11 90.9 100 12 100 100
recoverable

Chromlum 38 73.7 97.4 36 80.6 100

Chromium, t(tal 11 54.5 100 12 83.3 100
recoverable



Table 2. --Summary of results for trace metals--Continued

Atlanta Denver
Determination

No. of Percent Percent No. of Percent Percent
samples 1 < 2 samples < 1 < 2

standard standard standard standard
deviation deviations deviation deviations

Cobalt(H3P) 23 95.7 100 23 95.7 95.7

Cobalt(AA) 11 63.6 81.8 12 100 100

Cobalt, total 11 63.6 81.8 12 100 100
recoverabha

Copper(ICP) 23 82.6 87.0 23 78.3 78.3

Copper(AA) 35 100 100 33 57.6 87.9

Copper, total 11 100 100 12 0.0 33.3
recoverabha

Iron(ICP) 23 91.3 100 23 78.3 100

Iron(AA) 35 85.7 100 33 54.5 84.8

Iron. total 11 36.4 81.8 12 66.7 91.7
recoverabha

Lead(ICP) 23 52.2 100 23 56.5 100

Lead(AA) 35 65.7 82.9 33 72.7 90.9

Lead, total 11 36.4 63.6 12 8.3 41.7
recoverabha

Lithitun 23 91.3 100 23 87.0 100



3able 2.--Summary of results for trace metals--Continued

Atlanta Denver
Determination

No. of Percent Percent No. of Percent Percent
samples <

1
_< 2 samples _<

1
_< 2

standard standard standard standard
deviation deviations deviation deviations

ManganesellCP) 23 100 100 23 100 100

Manganese(AA) 35 91.4 100 33 93.9 100

Manganese, total 11 90. 9 100 12 100 100

recoverable

Molybdenum(ICP) 23 56. 5 100 23 52. 2 100

Molybdenum(AA) 24 54, 2 83. 3 21 23. 8 76. 2

Nickel 38 86. 8 100 36 88. 9 97. 2

Nickel, total 11 100 100 12 33. 3 100

recoverable

Selenium 25 100 100 27 100 100

Silver 14 92.9 100 15 86.7 100

Silver, total 11 100 100 12 66. 7 75. O

recoverable

Strontium 23 87. O 95. 7 23 78. 3 100

Zinc(ICP) 23 95. 7 100 23 95. 7 100

Zinc(AA) 35 85.7 100 33 87.9 93.9

Zinc, total 11 63, 6 100 12 50. O 66. 7

recoverable



Table 3.--Tabulation of data over 2 standard deviations from the most
probable value for the Atlanta laboratory: major constituents

and specific conductance

EAll constituents were in dissolved phase]

Determination/ Concentration Reported Most Most Number of
Percent ) 2 range of value probable probable standard

standard reference value standard deviations
deviations/ samples deviation

Total Analyses (mg/L) (mg/L) (mg/L) (mg/L)

Calcium(ICP)'/ 6.9-87 7.1 6.9 0.07 2.53
7.1/42 7.1 6.9 .07 2.53

7.8 6.9 .07 11.07

Calcium(AA) / 6.9-107 7.7 6.9 0.35 2.24
16.7/12 7.7 6.9 .35 2.24

Chloride/1.8/57 1.3-99 110 98.8 3.45 3.24

Dissolved solids/ 43.8-926 1010 926 33.5 2.51
1.9/54

Fluoride/7.0/57 0.29-1.17 1.2 1.02 0.07 2.40
1.3 1.07 .07 3.07
1.3 1.14 .07 2,13

.6 .76 .07 -2.20

Magnesium(AA)/ 1.79-55 2.1 1,8 0.11 2.72
8.3/12

Potassium//1.9/54 0.95-5,6 1.1 0.9 0.06 2.73

Sodium(ICP)/ 3.15-80 15 12.7 1.11 2.08
9.5/42 50 55.9 2.27 · -2.60

53 48.5 2.07 2.17
53 48.5 2.07 2.17

1 See Discussion and Recommendations.
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Table <.--Tabulation of data over 2 standard deviations from the most
probable value for the Atlanta laboratory: trace metals

EAll constituents were in dissolved phase; data designated
as 'total recoverable' are from samples which have

undergone a preliminary digestion]

Determination/ Concentration Reported Most Most Number of
Percent ) 2 range of value probable probable standard

standard reference value standard deviations
deviations/ samples deviation

Total Analyses (µg/L) (µg/L) (pg/L) (pg/L)

Aluminum/3.7/27 35-335 130 263 58.5 -2.27

Barium(ICP)/ 18-180 140 120 8.3 2.42
52.2/23 140 120 8.3 2.42

43 18 2.7 9.36
25 18 2.7 2.62
27 18 2.7 3.37
25 18 2.7 2.62
27 18 2.7 3.37

210 180 11.6 2.59
210 180 11.6 2 .59
210 180 11.6 2.59
110 90 6.6 3.02

49 36 3.7 3.55

Cadmium(AA)/ 2,5-13.3 5 2.8 0.8 2.93
2.9/35

Chromium/2.6/38 4-29 10 28.8 7.2 -2.61

Cobalt(AA)/ 1.2-14.5 10 13.8 1.6 -2.37
18.2/11 6 9.4 1.6 -2.14

Cobalt, total 5,6-13,8 10 13.8 1.6 -2.37
recoverable/ 6 9.4 1.6 -2.14
18.2/11

Copper(ICP)/ 15-180 220 180 14.7 2.73
13/23 220 180 14.7 2.73

210 180 14.7 2.04

Iron, total 352-485 540 357 42.1 4.34
recoverable/ 580 357 42.1 5.29
18.2/11
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Table <.--Tabulation of data over 2 standard deviations from the most.
probable value for the Atlanta laboratory: trace metals--continued

EAll constituents were in dissolved phase, data designated
as 'total recoverable' are from samples which have

undergone a preliminary digestion]

Determination/ Concentration Reported Most Most Number of
Percent > 2 range of value probable probable standard

standard reference value standard deviations
deviations/ samples deviation

Total Analyses (pg/L) (yg/L) (gg/L) (Ag/L)

Lead(AA)/17.1/35 1.8-22 15 7.9 2.3 3.12
11 5.9 1.8 2.76
10 5.9 1.8 2.21
14 8.3 2.4 2.37

4 1.8 .9 2.61
5 1.8 .9 3.77

Lead, total 1.8-9.75 15 7.9 2.3 3.12
recoverable/ 6 1.8 .9 4.93
36.4/11 5 1.8 .9 3.77

5 1.8 .9 3.77

Molybdenum(AA)/ 5.5-24.5 31 24.5 3.0 2.18
16.7/24 31 24.5 3.0 2.18

20 14.7 2.3 2.28
17 11.8 2.1 2.45

Strontium/ 60-1196 470 418 21.3 2.44
4.3/23
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Table 5.--Tabulation of data over 2 standard deviations from the most
probable value for the Denver laboratory: major constituents

and specific conductance

EA11 constituents were in dissolved phase]

Determination/ Concentration Reported Most Most Number of
Percent > 2 range of value probable probable standard

standard reference value standard deviations
deviations/ samples deviation

Total Analyses (mg/L) (mg/L) (mg/L) (mg/L)

Alkalinity/3.1/64 16.6-174 177 161 6.70 2.33
181 142 6.70 5.82

Calcium(ICP) / 6.9-87 7.8 6.9 0.07 11.87
7,3/52 7.9 6.9 .07 13.20

7.8 6.9 .07 11.87
8.0 6.9 .07 14.53

Calcium(AA) / 6.9-107 8.2 6.9 0.35 3.66
36.4/11 7.8 6.9 .35 2.53

7.8 6.9 .35 2.53
7.7 6.9 .35 2.24

Dissolved solids/ 43.8-926 867 770 29.8 3.26
5.1/59 431 157 15.1 18.18

10 43.8 12.4 -2.74

Fluotide/10.9/64 0.26-1.17 1.2 0.76 0.07 5.80
1.1 .76 .07 4.47
1.3 1.14 .07 2.13
1,3 1.14 .07 2.13
1.4 1.14 .07 3.47
1.3 1.14 .07 2.13
1.3 1.14 .07 2.13

Magnesium(ICP) /. 1.79-51.8 2.2 1.8 0.15 2.72
3.8/52 29 32.0 1.48 -2.03

Magnesium(AA) / 1.79-55 2.1 1.8 0.11 2.72
8,2/11 2.1 1.8 .11 2.72
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Table 5.--Tabulation of data over 2 standard deviations from the most
probable value for the Denver laboratory: major constituents

and specific conductance--continued

EAll constituents were in dissolved phase]

Determination/ Concentration Reported Most Most Number of
Percent > 2 range of value probable probable standard

standard reference value standard deviations
deviations/ samples deviation

Total Analyses (mg/L) (mg/L) (mg/L) (mg/L)

Potassium'/ 0.95-5.6 1.1 0.9 0.06 2.73
20.6/63 4.5 .9 .06 62.60

4.5 .9 .06 62.60
1.1 .9 .06 2.73
1.1 ,9 .06 2.73
1.1 ,9 .06 2.73
1.1 .9 .06 2.73
1.1 ,9 .06 2.73
1.1 .9 .06 2.73
1.2 .9 .06 4,49
2.6 3.3 .32 -2.12
3.7 4.8 .49 -2.22
3.4 5.1 .52 -3.18

Sodium(AA)'/ 3.15-100 4.1 3.1 0.33 2.87
36.4/11 4.0 3.1 .33 2.57

4.3 3.1 .33 3.48
4,9 3.1 .33 5.29

Specific 69.3-1306 87 69.3 7.50 2.36
conductance /

1.6/64

1 See Discussions and Recommendations.
.

2 Units are mhos/cm at 25 C.
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Table 6.--Tabulation of data over 2 standard deviations from the most
probable value for the Denver laboratory: trace metals

EA11 constituents were in dissolved phase, data designated
as 'total recoverable' are from samples which have

undergone a preliminary digestion]

Determination/ Concentration Reported Most Most Number of
Percent > 2 range of value probable probable standard

standard reference value standard deviations
deviations/ samples deviation

Total Analyses (gg/L) (ag/L) (pg/L) (gg/L)

Barium(ICP)/ 18-180 140 171 11.1 -2.80
17.4/23 140 171 11.1 -2.80

140 171 11.1 -2.80
140 171 11.1 -2 .80

Cadmium(ICP)/ 1.3-7.9 45 7.8 1.6 23.09
4.3/23

Cadmium(AA)l 2.6-13.3 10 6.6 1.3 2.65
9.1/33 10 6.6 1.3 2.65

10 6.6 1.3 2.65

Cobalt(ICP)/ 1.2-14.5 52 2.3 3.3 15.06
4.3/23

Copper(ICP)/ 15-180 220 180 14.7 2.73
21.8/23 220 180 14.7 2.73

220 180 14.7 2.73
220 180 14.7 2.73

10 54.1 7.5 -5.88

Copper(AA)| 14.5-197 24 14.5 3.8 2.51
12.1/33 85 38.4 5.8 8.04

50 38 .4 5 .6 2 .00
51 38.4 5.8 2.17

Copper, total 14.5-106 27 14.5 3.8 3.30
recoverable/ 24 14.5 3.8 2.51
66.7/12 29 14.5 3.8 3.83

32 14.5 3.8 4.62
130 106 11.5 2.09
130 106 11.5 2.09
130 106 11.5 2.09
130 98.3 10.8 2.93
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Table 6.--Tabulation of data over 2 standard deviations from the most
probable value for the Denver laboratory: trace metals--continued

(All constituents were in dissolved phase; data designated
as 'total recoverable' are from samples which have

undergone a preliminary digestion]

Determination/ Concentration Reported Most Most Number of
Percent > 2 range of value probable probable standard

standard reference value standard deviations
deviations/ samples deviation

Total Analyses (µg/L) (gg/L) (gg/L) (µg/L)

Iron(AA)/ 16-485 350 262 35.9 2.45
15.2/33 350 262 35.9 2.45

380 262 35.9 3.29
280 213 32.6 2.05
250 164 29.4 2.92

Iron, total 352-485 590 485 50.6 2.08
recoverable/
9.3/12

Lead(AA)/ 1.8-22 7 1.8 0.9 6.09
9.1/33 4 1.8 .9 2.61

4 1.8 .9 2.61

Lead, total 1.8-9.8 4 1.8 0.9 2.61
recoverable/ 4 1.8 .9 2.61
58.3/12 4 1.8 .9 2.61

3 9.8 2,7 -2.49
16 7.9 2.3 3.56
14 7.9 2.3 2.68
13 7.9 2.3 2.24

Molybdenum(AA)/ 82.5-465 10 14.7 2 3 -2.03
23.8/21 9 14.7 2.3 -2.46

1 5.4 1.7 -2.63
1 5.4 1.7

, -2.63
1 5.4 1.7 -2.63

Nickel/2.8/36 4.7-14.4 21 11.7 4.3 2.16

Nickel, total 4.7-9.6 63 4.6 4.3 13.57
recoverable/
8.3/12

Silver, total 0.6-11.2 3 11.2 4.1 -2.02
recoverable/ 3 11.2 4.1 -2.02
25/12 3 11.2 4.1 -2.02
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Table 6.--Tabulation of data over 2 standard deviations from the mostprobable value for the Denver laboratory: trace metals--continued
EA11 constituents were in dissolved phase; data designated

as 'total recoverable' are from samples which have
undergone a preliminary digestion3

Determination/ Concentration Reported Most Most Numb r of
Percent

> 2 range of value probable probable standard
standard reference value standard deviations

deviations/ samples deviation
Total Analyses (µg/L) og/L) (yg/L) (yg/L)

Zine(AA)/ 51-301 280 179 48.1 2.10
6.1/33 280 179 48.1 2.10

Zínc, total 51-204 280 179 48.1 2.10
recoverable/ 290 179 48.1 2.31
33.3/12 510 179 48.1 6.88

280 179 48.1 2.10
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Table 7.--Comparison of results for nutrient samples

Atlanta Denver

Constituent Mix N Mean Standard N Mean Standard
deviation deviation

Ammonia
1 5 1.4 0.522 12 1.6 0.049
3 16 .67 .141 14 .50 .017
4 10 .66 .333 10 .87 .038
5 18 1.1 .395 6 1.2 .000
6 6 1.5 .151 6 1.4 .000
7 6 3.1 .723 6 3.5 .320
8 4 .36 .015 16 .37 .023
9 16 1.4 .070 20 1.3 .047

10 12 2.3 .946 12 2.8 .311
13 12 .84 .156 12 .79 .021
14 12 1.6 .079 20 1.5 .041

Ammonia plus 1 5 2.9 0.503 12 3.4 0.782organic nitrogen 3 16 1.1 .408 14 1.4 .235
4 10 1.2 .343 10 1.7 .103
5 18 2.7 .853 6 3.3 .639
6 6 2.8 .273 6 2.9 .315
7 6 4.7 .327 6 5.1 .957
8 4 1.1 .129 16 1.6 ,182
9 16 2.4 .752 20 2,5 .445

10 12 3.5 .480 12 3.9 .353
13 12 1.9 .329 12 2.4 .100
14 12 2.5 .380 20 2.4 ,249

Carbon, organic 3 10 2.8 0.346 10 2.7 0.571
4 10 6.2 2,05 10 7.2 .487
6 3 7.2 .802 3 6.8 ,808
7 3 3,8 1,24 3 4.3 ,603
8 2 5.9 .141 4 5.0 .096
9 3 6.2 .802 2 6.2 .424

10 2 6.0 .707 3 5.6 .252

Nitrite plus 1 6 3.1 1.20 12 3.4 0.052nitrate nitrogen 2 4 .10 .000 4 .10 .000
3 16 1.4 .120 14 1.3 .000
4 10 ,49 .016 10 .48 .028
5 18 2.1 .452 6 2.1 .000
6 6 1.9 .041 6 1.7 .052
7 6 1.2 .256 6 1.2 .000
8 4 1.3 .000 16 1.2 .050
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Table 7.--Comparison of results for nutrient samples--continued

Atlanta Denver
Constituent Mix N Mean Standard N Mean Standard

deviation deviation
Nitrita plus 9 16 1.2 0.062 20 1.1 0.041
nitrate nitrogen- 10 12 1.9 .051 12 1.8 .049continued 11 4 3.3 2.15 2 4.1 .141

12 4 3.8 .550 3 4.0 .000
13 12 3.6 .411 12 3.2 .039
14 12 1.7 .067 20 1.6 .032

Nitrite-nitrogen 3 13 0.61 0.031 12 0.61 0.005
4 10 .16 .009 10 .17 .000
5 18 .33 .247 3 .32 .000

10 3 .48 .012 3 .53 .010

Phosphorus
1 5 1.6 0.084 12 1.4 0.185
2 4 .08 .005 4 -10 .037
3 16 1.9 .102 14 1.7 .085
4 10 .55 .033 10 .56 .007
5 18 2.2 .183 6 2.2 .383
6 3 1.5 .115 3 1.3 .115
7 3 .27 .012 3 2,5 .000
8 2 .68 ,028 12 .69 .021
9 16 1.3 .323 20 1.3 .000

10 12 1,6 1.80 12 4.0 .530
11 4 .86 .026 2 .88 .021
12 4 .61 ,015 3 .76 .206
13 12 1.9 ,116 12 1.7 .131
14 12 .57 656 20 1.2 ,099

Phosphorus, ortho 3 16 1.7 0.082 14 1.3 0.138
4 10 .36 020 10 .35 .013
5 18 1.6 .184 6 1.6 .000

10 6 2.9 .680 6 3.7 .204
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Table 8.--Results of statistical evaluation for nutrients

Constituent Comparison Comparison
of means of standard

deviations

Ammonia A B

Ammonia plus organic N A A

Carbon, organic A A

Nitrite plus nitrate N A B

Nitrite N A A

Phosphorus A A

Phosphorus, ortho A A

A = No significant difference

B = Significant difference
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Figure D23.--Copper, total recoverable data from the Oenver loboratory.

53



! ú0NCkNiRATION, tN -------
6-. MILLICRAMS RER UTER

+ = 44-334
x

= 354-665
S- os 660-976

4-

3-

+,+ × XX -

-4

-5

-6

GISEPB3 Ol0CTS3 OlNOVS3 OlOECO3 Ol)RMS4
DATE SAMPLE WAS LOGOED INTO LRSOAATORY

Figure A24.--Dissolved Solids, data from the Atlanto laborotory,
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Figure D24.--Dissolved Solids, data from the Denver laboratory,
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Figure A27.--iron(AA) data from the Atlanta laboratory.
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Figure D27.--iron(AA) data from the Denver laboratory.
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Figure A28.--iron, total recoverable data from the Atlanto laboratory.
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Figure D28.--Iron, total recoverable data from the Denver laboratory.
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Figure D29. --Lead(lCP) data from the Denver laboratory.
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Figure A30, --Lead(AA) data trom the Attonto laboratory,
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Figu.e A31.--Lead, totai recoverable data frorn the Atlanta luboratory.

CONCfk ATION. IN

6 M10ROCRAMS P€R LITER
+ = 2- 9

x
= 9M6

o
= 16-22

4

3

+
+ ++

o>

4

31SEPS3 Ol0CTB3 01N0vd3 DLOECB3 OlJAN84

DATE SAMPLE WAS LOGGEO INT3 LABORATORT

Figure D31 --Lead, total recoverable data from the Denver .aboratory

61



CONCENMRADON, IN

MlCROGRAMS PER UTER
+ = 13-180

180-347
5 o

-- 347-M4

49
1

o ,y
a

do

-6-

OlSEPS3 010CT83 01NOVB3 Ot0EC83 01JANB4

0ATE SAMPLE WAS LOGGED INTO LABORATORT

Figure A32,--Lithium data from the Atlanta laboratory.

C3NCËNNAft0N, IN

$ MICROGRAMS PER UTER
13-180

! $0 -347
o 347-M4

4

+

××

01SEPB3 Ol]CTB3 OlNCY83 10EC83 OlJAN84

OATE SAMPLE NAS LOGGEO INTO LABORATORT

igure 032.--Lithium data trom the Denver laboratory.

62



CONCENTRATION. .N

3- MU.ICRAMS DER UTER
+ = 1.3-20

20-38
S- a 33-Lô

4

3

++ ++
+

+ +
¥× N. . ,

×
e ¥

× ×

-6-

0[SEPS3 01]CTS3 CIN3V63 Ol0ECS3 ClJANS4
ORTE SAMPLE WAS LOGGED INTO LA60BATORY

Figure A33.--Magnesium(ICP) cata from the Atlanta laboratory
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Figure 034.--Mognesium(AA) data from the Denver icborctory.
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Figure A35.--Manganese(ICP) data from the Atlanta laboratory,
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Figure D35. --Manganese(ICP) data from the Denver laboratory.
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Figure A36.--Monganese(AA) data from the Atlanto laboratory.
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Figure D36.--Monganese(AA) data from the Denver laboratory.
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Figure A37.--Manganese, total recovercble data from the Atlanta laboratory.

CONCENiilAflON, IN

6 MICROCRAMS PER UTER
+ = 3-184

= 184-365
5 a a 365-544

4

o

e o × x

I

4-

-6-

Ol5EPS3 OlOCTB3 01NCY83 010EC83 01JANB4
ORTE SAMPLE WAS LOGGED INTO LABOARTORY

Figure D37.--Manganese, total recoverable data from the Denver icboratory.
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Figure A38.--Molybdenum(ICP) data from the Allonto laboratory.
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Figure 038.--Molybdenum(ICP) data from the Denver loboratory.
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Figure A39.--Molybdenum(AA) data from the Atlanta cooratory,
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Figure D39.--Molybdenum(AA) data irom the Denver laboratory.
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Figure A4Q. --Nickel data from the Atlanto laboratory.
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Figure D40.-Nickel data from the Denver loboratory.
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Figure A41.--Nickeb total recoverable data from the Atlanta laboratory.
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Figure D41.--Nickel, total recoverable dato from the Denver laboratory.
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Figure A42.--Potassium data from the Atlonto locorotory.
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Figure D42.--Potasseum data from the Denver laboratory.
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Figure A43 --Selenium data trom the Attenta fotoratory,
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Figure D43.--Selenium aata from the Denver locoratorv.

73



CONC£NNAft0N, IN

6, MILUCRAMS PER UTER+=39-7
x w 7-10

S- o
a 10 -13

4.

3-

«o
-3-

-4-

-6-

OtSEPS3 010CTS3 01NOVS3 OlDECS3 OlJANS4

ORTE SAMPLE WAS LOGGEO INTO LABORATORT

Figure A44.--Silico data from the Atlanta loboratory.
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Figure 044.--Silico data from the Deriver laboratory.
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Figure A45.--Saver data from the Atlanto laboratory,
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Figure D45.--Silver data from the Denver laboratory.
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Equre A46.--Sdver, total recoverable dato from the Atlonto laborotory.
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Figure 046,--Silver, totoi recoverGble data from the Denver loboratorv
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Figure A47.--Socium(iCP) data from the Atlanta locoratorv.
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Figure A48 --Socium(AA) dato from the Atlanto 10boratory.
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Figure 048, --Socium(AA) data from the Denver laboratory.
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Figure D49.--Specific conductance, data from the Denver locoratory.
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Figure ASO.--Strontium data from the Atlanta laboratory.
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Figure A51.--Sulfate data from the Atlanto laboratory.
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Figure 051.--Sulfate data frorn the Denver laboratory.
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Figure Ab3.--ZinctAA) data trom the Attento laboratory
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