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ABSTRACT

TURNER, R. R., and S. E. LINDBERG. 1976. Interlaboratory
comparison of trace metal analyses by graphite furnace
(flameless) atomic absorption spectroscopy. ORNL/TM-5422.
Oak Ridge National Laboratory, Oak Ridge, Tennessee. 20 pp.

The analytical sensitivity, precision, and accuracy of trace metal
(Pb, Cd, Cr, Cu, Fe, and Mn) analyses on agqueous samples performed at
ORNL using a flameless graphite furnace atomic absorption system was
evaluated in comparison to analyses performed by three independent lab-
oratories using similar systems. A1l laboratories analyzed replicates
of the same five samples which included twice distilled water, two U.S.
EPA reference trace metal standards and two natural water samples (rain
and stream water). Although the laboratories were informed of the
range of concentrations to be expected none were informed of the nature
of the samples to be analyzed.

Analyses performed at ORNL were generally superior with respect to
sensitivity and precision to those performed elsewhere. Approximate
limits of detection, as indicated by analyses of the distilled water
performed at ORNL, were close to those claimed by the instrument manu-
facturer. No one laboratory reported values which were consistently
more accurate than those reported by the others and from some labora-
tories replicate values for the reference standards varied considerably.
The best overall combination of precision and accuracy on the reference
sample with the lowest concentrations (0.2 - 2.8 ug/1) was exhibited by
ORNL. In contrast, ORNL exhibited the poorest combination of precision
and accuracy on the reference sample with the highest concentration
(2 - 28 ug/1). This reversal occurred largely because of apparent
inaccuracy of lead analyses performed by ORNL on one of the reference
samples. However, subsequent analyses of new reference standards by
ORNL indicated accurate values for Tlead.

Results reported for the natural water samples suggested that
although the flameless atomic absorption method is sufficiently sensitive
to quantitatively detect concentrations of selected trace metals in
natural water without preconcentration procedures, the method may be too
imprecise in some cases if small natural variations (on the order of
20-50%) in concentration are to be detected.
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INTRODUCTION

In January 1975 the Environmental Sciences Division (ESD) acquired a
Perkin-Elmer Model 503 Atomic Absorption Spectrophotometer with a Model
2100 Heated Graphite Atomizer system which is now being operated by Analy-
tical Chemistry Division (ACD) personnel in the Environmental Analysis
Laboratory. The very high sensitivity (sub-ppb for many trace elements),
the small sample volume requirements (10 to 100 microliters) and semi-
automatic features of the analytical procedure were major factors in the
decision to acquire this instrument for trace element research within the
ESD. In our particular studies of rainfall inputs and streamflow outputs
of trace metals from Walker Branch Watershed (WBW) this instrument
appeared to offer a solution to longstanding difficulties in the analysis
of dissolved trace elements in relatively unpolluted natural waters by
not requiring preconcentration procedures which have an inherent poten-
tial for contamination and/or losses of trace elements.

To evaluate the instrument for its applicability to our projects we
conducted a small quality assurance experiment involving ORNL and three
independent laboratories. We were also interested in evaluating the com-
petitiveness of ACD's costs and turnaround time for trace element analyses
using this instrument with other laboratories using the same or closely
related instruments. Finally, and most importantly in our view, we needed
to establish early in our current studies that our overall analytical pre-
cision, including sample handling and storage prior to submission for
analyses, is sufficiently high for us to distinguish true variability in
the environments of study. The low concentration levels expected in our
aqueous samples required "non-routine" methods and each outside laboratory
was informed of the "expected" range of concentrations and requested to
use graphite furnace atomic absorption spectroscopy. None of the labora-
tories, including ORNL, was informed that they were being tested with
replicate reference samples in the hope that reported results would more
truly reflect the analytical sensitivity, precision and accuracy offered
by each laboratory.

With the above objectives in mind we assembled a set of aqueous sam-
ples prepared in triplicate representing (1) reference standards prepared
in concentrated form by the U.S. Environmental Protection Agency and di-
Tuted by us, (2) typical rain and streamwater samples collected on Walker
Branch Watershed (WBW) and (3) distilled water from our laboratory supply.
It was anticipated that all of these would help us evaluate analytical
precision, that the reference standards would help us evaluate accuracy
and that the distilled water samples would help us estimate practical
1imits of quantitative detection for aqueous samples. The rain and
streamwater samples were subjected to our normal handling and preservation
procedures but were stored somewhat longer than usual prior to submission
for analysis. The analytical results reported here for these samples
probably best represent our overall precision in measuring trace element
concentrations on WBW. Although we frequently measure concentrations of
other trace metals, those included in this experiment were restricted to
copper, lead, manganese, zinc, chromium and cadmium.



METHODS

- The sample set consisted of five separate aqueous samples:

(1) A streamwater sample (hereinafter referred to as stream sample)
collected in the WBW west stream on 3/13/75, filtered within 2 hours of
collection through a 0.4 u Nuclepore membrane, and preserved in‘a 1 liter
polyethylene bottle with the addition of 5 ml of reagent grade 16 N HNO3
per liter of sample; ,

(2) A precipitation sample (rainwater sample) collected in WBW at
rain gauge #1 in a Wong sampler from 3/6/75-3/13/75 and preserved as above;
although the original sample was not filtered, care was taken to ensure
that particulate matter had settled out before subsampling was done;

(3) A double-distilled water sample prepared on 7/10/75 and preserved
in a 2 liter Pyrex glass bottle with the addition of 1.5 ml of Ultrex 16 N
. HNOs per liter of sample;

" (4) A U.S. Environmental Protection Agency aqueous trace metal
reference sample #1 (high reference standard) prepared as prescribed in
literature provided by EPA using the acid-preserved, double-distilled
water described above as the diluent;

(5) The same U.S. EPA reference sample described in (4) but diluted
by 1/10 or 1 to 10 using the acid-preserved double-distilled water as the
diluent (hereinafter referred to as low reference standard).

On 7/10/75 all .samples were separated into 12 individual 75 ml ali-
quots and placed in clean 125 mil po]yethy]ene bottles. These bottles were
precleaned as follows: thorough rinsing with tap water followed by
single-distilled water and double-distilled water, then leaching with 2 N
HNO; for 12 hours in a reciprocating shaker, followed by rinsing with
double-distilled water for 12 hours in a reciprocating shaker. These 12
replicates for each sample were then separated into 4 sets of 3 replicates
each, numbered randomly, and submitted to four individual ana]yt1ca1
1aborator1es

The laboratories are herein referred to by number but consisted of
the following: the ORNL Analytical Chemistry Division Environmental Anal-
ysis Laboratory (M. Ferguson, director; K. Talbott, atomic absorption ana-
1yst) which is designated hereafter as ORNL-EAL; two private analytical
service laboratories, and one university-associated research center.

These latter three were randomly assigned numbers 2, 3 and 4. The perti-
nent information regarding instruments, analytical techniques, relative
costs, and. turnaround- times are summarized in Table 1. Relative costs for
ORNL-EAL are based on an annual sample load while costs for the private
laboratories are based on the single sample set of 90 analyses which com-
prised this test. Discussions with the private labs revealed that the
price per analysis would decrease if based on a commitment of a given
number of analyses over a longer time period (v 1 year).



Table 1; Comparison of analytical methodologies and related information for the four laboratories tested.

Turnaround Time:

Shipping requested -

Recieved by labora-
tory -

Results transmitted -

Cost per Analysis!
Relative to Lab #1

Additions, each sample
injected in duplicate

56 days
7/10/75

7/10/75
9/4/75

1.0

Curve, each sample
injected in dupli-
cate

14 days
7/10/75
8/8/75
8/22/75

0.7

Curve, each sample
injected in tripli-
cate; checked with
reference standards

43 days
7/10/75

8/13/75
9/25/75

1.4

LAB #
Parameter 1 2 3 4
(ORNL-EAL)
Instrument Perkin Elmer AAS Model Perkin Elmer AAS Perkin Elmer AAS Perkin Elmer AAS
' 503 with Heated Graphite Model 360 with Model 503 with Model 403 with Heated
Atomizer Model 2100 Heated Graphite Heated Graphite Graphite Atomizer
Atomizer Model Atomizer Model Model 2100
2100 2100
- Technique Method of Standard Method of Standard Method of Standard Method of Standard

Additions, 10% of
samples are injected
in duplicate

32 days
7/10/75
8/4/75
9/5/75

2.9

'An analysis is one trace metal determination on one sample.



RESULTS AND DISCUSSION

Concentrations of the six trace elements reported by each laboratory
for each sample are given in Appendices A through E. The average and
range of concentrations reported by each laboratory for each sample are
also shown graphically in Figures 1 through 5 along with either the inter-
laboratory average (distilled water, stream and rain samples) or the con-
centration value given by the U.S. EPA (reference samples). Concentrations
reported as "less than" by any laboratory were construed as being the prac-
tical lower Timit of detection for a given element and presented some
problems, particularly with respect to blank corrections. One can either
ignore the "less than” prefix and assume that the reported value is the
actual concentration (e.g., <0.5 equal to 0.5) or assume that the actual
concentration is zero (<0.5 equal to 0.0). Neither of these options is
very realistic. One solution is to compare results using both assumptions
and observe how each assumption changes the conclusions. Where blank cor-
rections were deemed absolutely necessary, as with the reference samples,
we applied both assumptions-in calculating the statistics presented sub-
sequently. 1In all other calculations and plots the "less than" prefix
was ignored (i.e., the reported value was assumed to be the actual
concentration).

Concentrations of each trace element reported by each laboratory for
our HNO,; preserved double-distilled water were assumed to represent blank
values for the reference standards, since that solution was used as the
diluent in the preparation of the EPA standards, and were subtracted prior
to analysis of the concentration data. No blank corrections were made to
the distilled water, rain and stream data, as we had not determined blanks
for the concentrated HNO; used as a preservative in these samples.

Sensitivity

Analytical sensitivity is ordinarily defined as the mass, or concen-
tration, of an element that produces an instrument. response which is dis-
tinct from instrument noise. In flameless atomic absorption spectroscopy
the mass of an element deposited on the atomizer can be varied considerably
by varying the volume of aqueous sample injected. Under normal, program-
controlled, operating conditions 100 microliters is the maximum injection
volume for the Perkin-Elmer system used by all laboratories in this study.
Thus sensitivity is determined on this system by the lowest concentration
that can be detected unambiguously in a 100 microliter sample. Since we
could not provide solutions with lower trace metal concentrations than
those in our twice distilled water and did not wish to divulge our purpose
to the participating laboratories by requesting calibration curves or other
specific analytical details, our evaluation of sensitivity is of necessity
operational. As used here sensitivity, or approximate limit of detection,
is defined as the lowest concentration value reported by a laboratory for
a particular element. '"Less than" values, where reported, were interpreted
to be actual lower 1imits of detection for the reporting laboratory. Where
actual concentrations were reported for a distilled water constituent the
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actual limit of detection was obviously equal to, or better than, the
lowest reported value for the constituent.

Based on comparison of results reported for the distilled water plus
HNO; (Appendix A, Figure 1) ORNL-EAL appeared to offer the best overalt
approximate detection 1imits which were in fact close to those claimed by
the manufacturer. A1l of the laboratories except ORNL-EAL reported "less
than" values for at least one constituent in the distilled water but all
- achieved sub-ug/1 (ppb) levels of detection for all elements except zinc.
Except for zinc, ORNL-EAL also appeared to have the best analytical pre-
cision for the distilled water samples although the abundance of "less
than" values reported by the other laboratories precludes any rigorous
comparison.

Accuracy

According to the U.S. EPA the "information" concentrations of each
trace element in their diluted reference samples are based on accurately
weighed amounts of spectrographically pure metals or metal compounds dis-
solved in redistilled nitric acid. These reference samples are thoroughly
checked and verified for stability and accuracy of the concentrates by
repeated analyses over a period of months before the U.S. EPA releases
the samples for use in analytical quality control testing. The U.S. EPA
has also conducted analytical round-robins involving many independent
laboratories using their aqueous reference samples but to date have not
published the results. For lack of a better value we must accept the
"information" concentration values given by the U.S. EPA as true values
in the following comparison of analytical accuracy.

Figures 2 and 3 compare the results reported by each laboratory for
each trace element for the high and Tow reference samples with the infor-
mation values given by the U.S. EPA. It is readily apparent from these
figures that no one laboratory is consistently more accurate than another
and that for some elements and laboratories replicate analyses vary consid-
erably. In an effort to be as objective as possible we have devised a
simple statistic which can be used to select the laboratory offering the
best combination of accuracy and precision for each trace element based
on analyses reported for each reference sample. Clearly, with the data
set limited to triplicate analyses by each lab for each sample we did not
feel confident in eliminating outliers (extreme data va]uesg. The statis-
tic is the square root of the sum of the squares (ss) of deviations of
reported concentrations from the information value, or

Ve
‘.'if'l i | i

where X; represents results of the replicate analyses and ¥ is the infor-
mation va]ue The statistic will assume a minimum value when reported
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replicate values exhibit the following characteristics: (1) low varia-
bility (high precision) and (2) proximity to the information value (good
accuracy). Reported replicate values which average close to the informa-
tion value but deviate individually from the information value will obvi-
ously result in a larger value for this statistic than if the analyses
were also highly precise. The statistic will be meaningless when blank
concentrations equal or exceed reported concentrations for a reference
sample. Such situations are designated by N.A. (not applicable) in Table 2
where the calculated statistic is summarized for the two reference samples.

Comparing the calculated statistic for samples which were blank cor-
rected revealed ORNL-EAL offered the best or second best overall accuracy
and precision for all elements studied in the EPA Tow reference sample
(Table 2). However, for the high reference sample ORNL-EAL exhibited
results in Tine with the other labs for only three elements (Cu, Zn and
Cd) while it exhibited the worst results for Pb, Mn and Cr. The effect of
"less than" blank values being considered as equal to zero is not illus-
trated here since the use of this assumption had Tittle effect on both the
individual calculations and the relative ratings of the four laboratories,
whether they reported "less than" values or not. Therefore, the lab to
lab comparisons are based on the results obtained by ignoring "less than"
prefixes, keeping in mind the obvious disadvantage of "less than" values.
Under these assumptions the Tabs rank, in order of decreasing overall
accuracy and precision, as follows:

Tow EPA reference standard: 1 X4,2,3
high EPA reference standard: 3,4 M 2,1

The primary reason for the relatively low performance rating of ORNL-EAL
on the high EPA standard was the poor accuracy (but good precision)
achieved for the Pb standard (see Figure 3). Repeated analyses of these
samples by ORNL-EAL revealed concentrations that are in line with those
found earlier (still 36% higher than the reported EPA value). A new set
of EPA standards was recently obtained and sent to ORNL-EAL for further
evaluation of Pb values in the 20-50 ug/1 range. Results of analyses on
these standards indicated close agreement (+ 5%) with the U.S. EPA
information value.

The element Zn exhibited greatest interlaboratory coefficient of
variations for 3 of the 5 sample sets analyzed (ranging from * 60% to
200% of the mean). In addition, for each laboratory the poorest accuracy
was for zinc in the lTow EPA standard. This is, in part, due to the over-
lap of reported values for the Tow EPA standard with blank values thus
precluding any meaningful analysis of the results. We have suspected a Zn
contamination problem for some time, but can only speculate on its source.
Zinc is nearly a universal contaminant occurring in relatively high con-
centrations in numerous items used in our or any other laboratory (e.qg.,
5 ug/1 in our double distilled water, 13 ug/1 in reagent grade concen-
trated HNO,, 40 ppm in Nuclepore filters, 28 ppb in polyethylene bottles,



Table 2. Statistic defined as the square root of the sum of squares of deviations

of individual concentrations from EPA reference values. The lowest value

of the statistic is interpreted as indicating the best combination of
precision and accuracy. All samples have been blank corrected. Where
"less than" blank values occurred the reported values were assumed to be
the actual values (i.e., <0.5 = 0.5).

Analytical _
Laboratory Cu Pb Mn In Cr Cd
LOW EPA REFERENCE
1 0.55 1.4 0.20  NA 0.35 0.12
2 * NAL 1.4 4.0 NA 1.2 0.21
3 0.99 4.4 0.87 52 1.0 0.21
4 0.41 1.4 0.41  NA 3.4 0.14
HIGH EPA REFERENGE
1 2.7 35 4.1 7.2 4.3 1.2
2 4.2 7.2 3.9 17.1 0.52 0.57
3 2.9 3.2 3.8 6.4 0.52 1.3
4 4.2 19 1.7 6.9 1.2 0.73

'Not applicable: (blank < measured value).

[\

¢l
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2 x 10" ppm in neoprene rubber, and 1 ppm in borosilicate glass;
Carpenter, 1968, Anal. Chem. 40: 1067). In addition, a recent paper re-
ported observing Zn contamination in graphite furnace AAS analyses result-
ing from disposable auto-pipet tips. New tips when rinsed with 100 ul of
1% HC1 solutions were seen to release from 0.1-20 ug/1 (X = 3.4 ug/1)
which could significantly contaminate some natural samples. A simple
cleaning procedure was suggested to reduce the contamination (three rinses
in 1% Ultrex HC1 followed by one double-distilled water rinse reduced sub-
sequent leaching to 0-0.2 ug/1; e.g., see Sommerfield et al., 1975, Atomic
Abs. News 14: 31).

It is apparent from our results that a serious Zn contamination
exists, at least for the sample set involved in this quality control test.
The same case may also hold true for the elements Cu, Mn, and Cr (see
Figure 1), although in each of these cases the contamination appears to
occur for one individual laboratory and may actually relate to an analy-
tical rather than a sample handling problem (e.g., Cu for lab #3, Mn for
lab #2, Zn for all labs, and Cr for lab #4).

Analytical Precision on Natural Water Samples

Averages and ranges of trace element concentrations reported by each
laboratory along with the interlaboratory averages for the WBW rain and
streamwater samples are presented graphically in Figures 4 and 5. In
addition, Figure 6 displays intralaboratory and interlaboratory coeffi-
cients of variation for the rain and streamwater samples. Results for the
rain samples indicate that the ORNL-EAL offers the best analytical preci-
sion for Pb (C.V. = 3%), Mn (C.V. = 1%) and Cd (C.V. = 2%) and second best
for Cu (C.V. = 9%) and Cr (C.V. = 15%). Comparing intralaboratory aver-
ages (N=3) with interlaboratory averages (N=12) for each element in the
rain sample reveals that the ORNL-EAL is in best agreement with the inter-
laboratory averages for Cu, Pb and Cr. Results for the streamwater sam-
ples indicate that the ORNL-EAL offers the best analytical precision for
Cr (C.V. = 25%) and the second best precision for Mn (C.V. = 3%), Zn
(C.v. = 28%) and Cd (C.vV. = 20%). Comparing the intralaboratory averages
with the interlaboratory averages for each element in the streamwater
sample reveals that the ORNL-EAL is in best agreement for Cu, Mn and Zn
and second best for Pb and Cr.. Thus the ORNL-EAL offers the best overall
precision on the natural water samples and in most cases reported values
are in line with those reported by the other laboratories.

Earlier studies on the natural variability in trace metal concentra-
tions in WBW streamwater over a 15-month period have indicated that over-
all analytical precision for these metals should be less than * 20% and
preferably less than * 10% if we are to be able to adequately detect nat-
ural variability in concentration. It would appear from this quality
control experiment that the analytical precision for some elements (esp.
Zn and Cr) offered by even the best of the four laboratories tested is
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marginal to poor in relation to the expected natural variability in dis-
solved concentrations in WBW streams. As indicated earlier we cannot be
absolutely certain that this poor precision is entirely attributable to
analytical procedures since contamination during handling and storage of
replicate samples could also have contributed to imprecision. We plan
further evaluations of the source of this imprecision in natural analyses.

CONCLUSIONS

1. Analyses of aqueous trace metal reference samples should be an
integral part of environmental trace element studies.

2. "Less than" (<) values when reported are a disadvantage of any
laboratory as they are difficult to interpret and make statistical
evaluations tenuous.

3. Lab 1 (ORNL Environmental Analysis Laboratory) has the best sensi-
tivity and best precision on very low (<1 ug/1) concentration
samples. Based on double-distilled water analyses approximate
detection Timits for Lab 1 are equal to or better than 0.10 ug/1
for Cu, 0.15 ug/1 for Pb, 0.07 ug/1 for Mn, 1.2 ug/1 for Zn, 0.07
ug/1 for Cr and 0.04 ug/1 for Cd.

4, No one lab is consistent]y more accurate than another for all
elements and for some replicate analyses vary considerably.

5. A simple statistic (square root of.the sum of squares of deviations
of measured from reported values) was devised to determine the best
overall precision and accuracy on high (2-28 ug/1) and low (0.2-2.8
ug/1) reference samples. Using the statistic in combination with
observations of sensitivity revealed the following lab rankings in
order of decreasing accuracy and precision:

low EPA reference - 1N 4,2,3
high EPA reference - 3,4 ™ 2,1

6. Contamination of low Tevel aqueous samples exists overall for Zn and
for individual Tabs for Cu (#3), Mn (#2), and Cr (#4). The source
of the Zn may be both in sample preparation and analytical tech-
niques. The sources of Cu, Mn and Cr contamination are suspected of
being in analytical techniques.

7. For natural aqueous samples containing very low concentrations of Cu,
Pb, Cr, Zn, Mn, and Cd, such as spring and stream waters from WBW,
the graphite furnace atomic absorption method is sufficiently sensi-
tive to quantitatively detect concentrations without preconcentration
but may be too imprecise for some trace metals to detect small
natural variations (on the order of 20-50%) in concentrations.



Appendix A. Results of interlaboratory comparison of analysis of 2X distilled water!
with 1.5 ml 16 N Ultrex HNO;/liter. Decimal significance as reported by
each laboratory. Concentration. in ug/liter.

Analytical '
Laboratory Copper Lead Manganese Zinc Chromium Cadmium
1 0.1 0.15 0.07 ' 4.1 0.07 0.04
1T 0.1 0.26 0.11 - 13.6 0.07 0.04
1 0.11 0.18 - °0.09 1.2 0.06 0.04
2 <0.1 0.3 : 5.8 2.4 <0.1 0.04
2 ~ 0.1 0.1 0.1 1.4 0.3 <0.02
2 <0.1 0.1 0.3 1.7 0.7 0.02
3 0.8 0.6 <0.5 5.5 <0.5 0.2
3 1.0 0.7 <0.5 3.5 <0.5 <0.2
3 1.9 0.5 <0.5 4.4 <0.5 <0.2
4 <0.3 <0.5 1 <0.5 5.0  <2.4 <0.1
4 <0.3 <0.5 <0.5 <5.0 <0.1 <0.1
4 . <0.3 <0.5 <0.5 <5.0 2.7 <0.1

lHouse distilled water from ORNL Bldg. 3017 redistilled in glass and passed
through IWT Co. ion exchange cartridge.
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Appendix B. Results of interlaboratory comparison of analysis of EPA Reference Trace
Metal Standard (high reference standard) by graphite furnace AA. Decimal
significance as reported by each laboratory and uncorrected for distilled
water and acid blank. Concentration in ug/liter.

Analytical :

Laboratory Copper Lead - Manganese Zinc Chromium Cadmium.

1 10.6 46.5 -14.8 15.0 12.2 2.6
1 10.8 47.9 16.9 21.0 10.5 2.4
1 10.5 50.6 15.6 11.0 12.3 2.5
2 7.0 30.5 14.0 2.3 9.5 1.9
2 6.6 29.0 14.0 2.6 9.5 1.4
2 6.5 35.0 11.5 1.0 10.1 1.4
3 9.3 26.4 11.4 11.4 10.0 1.2
3 2.0 31.0 11.4 16.0 10.0 1.1
3 2.6 28.6 .. 11.1 . 9.2 10.0 1.4
4 8.7 39 14 11 9.6 2.0
4 © 9.9 40 14 N - 1041 1.3
4 5.2 40 12 11 10.1 1.5
EPA value 9.0 28 13 0 9.2 1.8
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Appendix C. Results of interlaboratory comparison of analysis of EPA Reference
Trace Metal Standard (low reference standard). Not corrected for
distilled water and acid blank. Concentration in ug/liter.

Analytical

Laboratory Copper Lead Manganese Zinc Chromium Cadmium
1 0.82 3.9 1.2 4.0 N 0.18
1 0.68 3.9 1.4 4.2 1.09 0.31
1 0.67 3.5 1.4 2.4 1.3 0.28
2 <0.1 2.5 1.3 3.2 0.8 0.4
2 <0.1 1.7 0.9 1.4 0.7 - 0.2
2 <0.1 2.8 0.8 0.9 0.6 0.11
3 1.6 7.7 1.3 3.3 2.2 0.2
3 2.6 3.2 1.3 57.0 2.0 0.3
3 1.4 4.5 1.3 3.3 1.7 0.3
4 1.2 4.2 2 5 3.2 0.2
4 1.1 3.7 2.1 5 5.3 0.2
4 0.8 4.3 2 <5 4.7 0.2

EPA value 0.9 2.8 1.3 1.0 0.92 0.18
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Appendix D.

Results of interlaboratory comparison of analysis of rainwater sample

from Walker Branch Watershed.

Analytical '

Laboratory Copper Lead Manganese Zinc Chromium Cadmium
1 6.0 6.3 11.4 15.4 1.68 2.5
1 5.5 6.5 11.5 37.0° 1.38 2.6
1 5.0 6.2 11.2 22.4 1.87 2.6
2 3.4 3.6 12.0 2.9 1.7 2.2
2 3.2 3.4 12.0 2.9 1.1 1.7
2 3.9 4.0 3.8 2.5 0.2 1.4
3 6.5 8.3 9.2 20.0 2.0 2.3
3 6.5 5.8 9.0 23.5 2.0 1.5
3. 6.6 5.4 9.0 18.0 1.7 1.1
4 8 6.8 12 19 2.8 2
4 5.9 6.2 12 17 7.8 1.5

4 5.6 6.0 10 32 4.9 1.6

L
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Cadmium

Chromium

Manganese Zinc

Lead

Results of interlaboratory comparison of analysis of streamwater from
Copper

Walker Branch Watershed.

Appendix E.
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