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Abstract

This report describes an interlaboratory study for the
analysis of ten heavy metals in five different sediment
reference materials. Over 40 Canadian iaboratories partici-
pated in the study. The ‘“total” content, as expected, was
greater than the ‘‘extractable’”” content for each of the
metals studied (Al, Cd, Co, Cu, Fe, Mn, Ni, Pb, V, and Zn).
The ratio of “total” to “extractable” varied from metal
to metal and ranged from 3.5 for Al to 1.02 for Cu.

Résumé

Ce rapport décrit une étude interlaboratoire pour
'analyse de dix métaux lourds dans cing différentes sub-
stances sédimentaires de référence. Plus de 40 laboratoires
canadiens ont participé a I'étude. La teneur «totaley,
comme on pouvait le préveir, était supérieure 3 la teneur
«extractible» pour chacun des métaux étudiés (Al, Cd, Co,
Cu, Fe, Mn, Ni, Pb, V et Zn). Le rapport de «totaly &
«extractible» variait selon le métal, étant compris entre
3.5 pour Al et 1.02 pour Cu.
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National Interlaboratory Quality Control Study No. 35

Trace Metals in Sediments

V. Cheam, A.S.Y. Chau and W. Horn

INTRODUCTION

This intercomparison study forms part of the
continuing National Interlaboratory Quality Control Pro-
gram of the Quality Assurance Project at the National
Water Research Institute (NWRI). As in other national
studies, it serves to assess the methodology and data of the
taboratories of the Water Quality Branch and the National
Water Quality Laboratory by comparison with peer labora-
tories, and to establish laboratory performance of federal,
provincial, university, and private laboratories.

The study covered ten heavy metals, including several
priority pollutants such as Cd, Cu, Pb, Ni, and Zn.1 Each
participating laboratory analyzed five sediment samples for
these metals and had its methods and data assessed against
those of some 40 other laboratories.

STUDY DESIGN

The study used five test samples of naturally contami-
nated sediment reference materials {RM) (Table 1). Each
laboratory chose its own analytical method, but was
encouraged to use more than one method.

Table 1. Description of Samples

Test sémbles RM Origin
1 WQB-1 - Lake Ontario
2 WQB-3 Lake Ontario-Hamilton Harbour Mixture
3 ‘TH-1 Toronto Harbour
4 HR-1 Humber River
5

SD-1 . Sudbury

EXPERIMENTAL
Sample Preparation

Test bottles used were of wide-mouth amber glass
with a capacity of 50 mL. They were soaked in 2% HNO;

overnight, rinsed with deionized distilled water, and oven-
dried before use. The sediments were dried and homoge-
nized following the procedures described by Cheam and
Chau.2 ’

Forty-nine laboratories received 3-g sediment samples,
whereas two laboratories requested and received 10-g
samples.

Analyses
Table 2 lists the various methodologies and the num-
ber of laboratories using each of them, Several participants

used more than one analytical method for determination of .
each metal.

Table 2. Methodologies Used

Methodology No. of labs

Atomic absorption spectrometry with flame (AAS) 40
Atomic absorption with graphite furnace atomizer

(AA Graphite) 5
Inductively coupled plasma (ICP) , 16
Instrumental neutron activation analysis (INAA) 4
Direct current plasma (DCP) : 2
Inductively coupled plasma/mass spectrometry

(ICP/MS) i 1
Other 3

DATA EVALUATION

The median value for each sample was determined
using all data (except the “less than'' values) reported by
the participants. The mean and standard deviation were
calculated without data rejection (Appendix A, Tables A-1
to A-20). The resufts of each sample from all the labora-
tories were ranked according to Youden.3 All the results
were evaluated using the flagging technique4 as applied in
our other quality assurance (QA) programs for the Long
Range Transport of Airborne Pollutants (LRTAP) and the
International Joeint Commission (IJC). By this technjque,



the results are classified into five categories, namely un-
flagged, L (low), VL (very low), H (high), and VH (very
high), based on comparison with the medians. Since
medians are often good estimates of the true values in
unknown samples, the flagging technique provides some
evaluation of each result based on median values. Thus,
the most accurate results are those that are not flagged,
whereas the VH or VL results are farther away from the
medians and are interpreted as less accurate.

The ranking procedure3.4 also assesses simultaneously
the pooled “total” and “extractable” results from all five
samples to determine laboratories with pronounced sys-
tematic errors. The criteria for preparing statements of
laboratory ‘appraisals3:4.5 routinely used in LRTAP and
IJC programs have been applied to this study. The optimal
values for the Lower Limit for Use of Basic Acceptable
Error (LLBAE), the Basic Acceptable Error (BAE), and
the Concentration Error Increment (CEl) used in the
ranking process are shown in Table 3 for both “total’’ and
“extractable” metals.

Table 3. Optimal Values Used in Ranking Process

Metals LLBAE BAE CEI
Al - 2.00 0.60 0.10
Cd 2.00 1.20 0.10
Co 10.00 7.50 0.10
Cu 70.00 7.00 0.10
Fe 2.00 0.25* 0.10
Mn 500.00 50.00 0.10
Ni " 40.00 10.00 0.10
Pb 50.00 15.00 0.10
\'% 30.00 12.00 0.10
Zn 400.00 30.00 0.10

*«Total” Fe; 0.5 for “extractable” Fe.

RESULTS AND DISCUSSION

Sample Pretreatment

The procedures for digesting sediments were so
varied that there were almost as many procedures as partici-
pants. The tabulation of procedures with their associated
chemicals, however, reveals that the most often used
procedure for “‘total”’ metals was the HNO3-HCIO4-HF
digestion with some HCI and H;BO;. For “extractable”
metals, adqua regia was the most often used digestion pro-
cedure. Table 4 lists the various procedures and the number
of laboratories using each of them.

The neutron activation technique, which was used by
four laboratories for analysis of “‘total” metals, needs no
sample pretreatment. The “total”’ content by this technique

Table 4. Sample Pretreatment Procedures

“Total” metal pretreatment procedures No. of labs

HNO,-HCIO ,-HF
HNO,-HCIO ,-HF-HCl
HNO,-HCl0,-HG-H,BO,
Aquia regia-HF-H;BO,
Aqua regia-HF

Aqua regia-HF-H,0,
Aqua regia (for “‘rotal”’)
HNO,-HCIO ,-HCl
HNO,-HCl

HNO,-HF

HF-HCIO -HC!

Ash overnight-HNO ,-HCl
Metaborate fusion and pyrosulphate fusion

N = NN N W W W= O

“Extractable’” metal pretreatment procedure No. of labs

Aqua regia
HNO,-HCIO,

0.5 N HCI

HNO,
HCI-HNO,-H,0,
HNO,-H,0,
HNO,-HCl-Microwave

e e NN

is grouped with that by wet chemical techniques, which
usually entail complete destruction of the sediment matrix
including the silica lattice. The “extractable” dissolution
procedures usually extract the more readily available metals
without destruction of the silica lattice.

Analytical and Ranking Data

All raw, fiagged, and ranked data for individual
samples are tabulated in Appendix A, Tables A-1 to A-20,
along with the medians, means, and standard deviations.
The overall ranking results for pooled ““total” and pooled
naxtractable” data are given in Appendix B, Tables B-1
to B-10.

Aluminum

The median values from each methodology are
compared with the medjans from pooled data for both
“total” and “extractable’” aluminum in Appendix C,
Table C-1. Calculations indicate that the individual medians
are within 10% of the pooled medians and therefore are, as
operationally defined, compatible.

Besides methodology comparison, Table C-1 also
compares ‘‘total”’ to #extractable’” Al and shows significant
disparity between the two, the “total’’ being more than
three times the ““extractable.”” In fact, the exact ratio of the
pooled “‘total” median to the pooled “extractable” median




for each of the five samples ranges from 3.2 to 3.7, giving
an average of 3.5. This means that 71% of “total” Al
content is well-embedded in the silica lattice as 29% of
it is easily extracted by the “extractable” dissolution
procedures.

Table 6 summarizes the overall ranking results, listing
the laboratories with the fewest systematic errors (column
3) and laboratories with biased results {columns 4 and 5)
for all "‘total’”’ metals studied. Laboratories with the fewest
systematic errors for Al were laboratories 130, 111, 58,
120, 102, and 136.

Table 6 summarizes the overall ranking results for
“extractable’’ metals. Laboratories 19C, 30D, 13, and 67
were identified as having the fewest systematic errors for Al.

Cadmium

Of all the metals studied, cadmium is the only
element that has the number of results used smaller than
the number of laboratories reporting Cd data for each
methodology (Appendix C, Table C-2). This is due to a
combination of high detection limit and low levels of Cd in
the sediments studied. Thus a small degree of compatibility
is expected.

The DCP “‘extractable’’ results by laboratory 47 are
obviously biased high (Table C-2). The overall Cd ranking
results are summarized in Tables b and 6.

Cobalt

Appendix C, Table C-3, summarizes the median
results and shows that there is very little difference between
the two types of cobalt. In fact, the ratio of the pooled
“total’’ median to the pooled "‘extractable’’ median ranges
only from 1.01 to 1.06, with an average of 1.04; that is,
96% of Co can be easily extracted.

The AA “total” data are consistently higher than the
pooled medians in all five samples (Table C-3). The Co
ranking results are summarized in Tables 5 and 6.

Copper v

As in cobalt, the difference between the two species
of copper is-small; the ratio of the pooled “total”’ median
to the pooled “extractable’” median ranges from 1.00 to
1.04, with an average of only 1.02. This corresponds to
98% extraction efficiency of the “‘extractable’” dissolution
procedures.

The methodologies are compatible for both species.

Note, however, that the INAA has a high detection limit
and DCP results fluctuate more than the others (Appendix
C, Table C-4). Many laboratories are identified as having
few systematic errors (Tables 5 and 6).

Iron

Appendix C, Table C-5, shows that there is a signifi-
cant difference between the two types of iron. The pooled
“‘total’’ medians are higher than the pooled “extractable’’
medians, giving an average ratio of 1.26, which corresponds
to about 20% of Fe embedded in the silica lattice.

All methodologies except DCP are compatible. The
DCP “extractable” results are consistently higher than the
pooled medians by more than 10%. The Fe ranking results
are summarized in Tables 5 and 6.

Manganese

The pooled ‘‘total”” medians for manganese are
consistently higher than the pooled “‘extractable’”” medians
by an average ratio of 1.16, which corresponds to 86% of
“extractable” Mn. All methodologies are compatible, and
the ranking results are summarized in Tables 5 and 6.

A point of interest should be noted. Laboratory 57
attempted fusion at different temperatures and found
potential loss of Mn at elevated temperatures. In sample 1,
for example, they found 1420 ppm Mn at 800°C as opposed
to 2320 ppm Mn at 650°C. The latter result is indeed
very close to the pooled ‘“total” median (Appendix C,
Table C-6).

Nickel

Appendix C, Table C-7, shows that the individual
“total”” medians for nickel are compatible, but the DCP
“extractable’” results are high. The ratio of pooled n"media,ns
ranges from 1.03 to 1.17, with an average of 1.10 for the
five samples; 91% of Ni is in “extractable’” form. The
ranking resuits for both species of Ni are summarized in
Tables 5 and 6.

Lead

The ratio of pooled “total” medians to pooled
“extractable” medians for lead for.each of the five samples
ranges from 1.02 to 1.14 (Appendix C, Table C-8), with
an average of 1.07 or 93% in ‘“‘extractable’” form. The
DCP “extractable’’ data are again high, whereas the other
methodologies are compatible. The Pb ranking results are
summarized in Tables 5 and 6.



Table 5. Summary of Overall Ranking Results for Pooled *“Total”” Metals in Five Samples

Rank range Labs with biased Labs with biased

Metal (Rank average) Labs within 20% of rank average high results low results

Al 1.2-32 130, 111, 58, 120, 102, 136 30B, 74 53,12, 8, 51
(16.5)

cd 3.0~ 23.9 57,93, 74B, 62, 73, 19, 24 6 1208
(13.56)

Co 2.0-31.2 136, 102, 30, 51, 137, 58, 11B, 53, 65 120B, 12
(16.21) 19, 24, 19B

Cu 1.6 - 33.6 30, 57, 8, 62, 6, 109B, 30B 53,12, 74B
(17.60) 57B, 23, 74,19, 58, 111

Fe 1.2-34.6 111, 109, 23, 30, 109B, 6, 19B, 58, 24 12,8
(18.5) 62, 3,137

Mn 2.0-33.2 578, 51, 8, 23,111, 1098 136, 137 12
(17.5) 19, 30, 58, 76, 109, 19B, 53

Ni 2.4-30.4 76,51, 19B, 73, 30, 10, ' 111B, 6 15, 53,12
(16.92) 58C, 120, 89, 60, 57B .

Pb 3.4-320 73, 74, 109, 57B, 51B, 102 65, 111B 12, 23, 10C
(16.5) 30B, 60B, 109B

v 1.6 -20.6 65, 136, 137, 10, 57B ©15,23,19 12, 51
(11.5)

Zn 4-36.6 109, 60, 137, 62, 198, 41, - 136, 15 65, 19, 93

(19.5) 120B, 102, 30B

Table 6. Summary of Overall Ranking Results for Pooled ‘‘Extractable” Metals in Five Samples

. fiaxik, range Labs with biased Labs with biased
Metal (Rank average) Labs within 20% of rank average high results low results

Al 1.0-12.8 19C, 30D, 13, 67 119, 34 2, 58B
(7.0)

Cd 2.1-14.6 30D, 13, 19C, 58B 47, 10D 71
(7.81)

Co 1.0-13.8 19C, 13, 19D, 30C . 5 58B
(7.5) _

Cu 1.2-17.0 30D, 19C, 119, 5, 67, 10D, 34 13 58B, 93B, 2
(9.0)

Fe 1.6 - 15.5 67,19C, 13, 5, 21 30D 2, 58B, 93B
(9.0)

Mn 1.2-14.5 5, 21 130C 58B, 71
(8.5)

Ni 1.0-15.1 19D, 21 119, 130C 58B, 2
(8.5) .

Pb 1.0-15.5 34, 21, 30D 47,119 58B
(8.5)

v 1.0-9.4 67, 10B, 19D, 13 30C, 119 58B, 5
(5.5) .

Zn 2.0-18.0 19C, 19D, 71, 21 119 ' 2, 93B

(9.5)




Vanadium

The number of analytical results and laboratories
reporting vanadium data are fewer than for other metals
(Appendix C, Table C-9). The pooled medians indicate that
the ’‘total’’ content exceeds the ‘‘extractable’’ content by
about 100%. In fact, the average ratio for the five samples
is exactly 2.00. This ratio may not be very reliable, however,
as the degree of methodology compatibility is small. For
example, the AA “‘total’”” medians are high relative to the
pooled medians, whereas the “‘extractable’” medians by AA
and {CP differ greatly from each other.

Zinc

Appendix C, Table C-10, shows that “total” and
“extractable’’ medians for zinc are very similar, the average
ratio of the pooled medians being only 1.03. This seems
to suggest that Zn, as with Co, Cu, and Pb, is not well
embedded in the silica lattice, and therefore is more easily
extracted than Al, Fe, Mn, and perhaps V.

The results from the various methodologies compare
well with each other, although the INAA median in
sample 1 and the DCP medians in samples 1 and 4 are high.
The Zn ranking results are summarized in Tables 5 and 6.

CONCLUSION

This study helped each laboratory to assess its
methods and data against many other laboratories in the
analysis of heavy metals in sediments. Methods validation
and data verification are essential components of any
credible quality assurance program.

Although a few laboratories tended to have consistent
biased results, many participants reported compatible
heavy metals data. Appendix D summarizes the laboratory
appraisals based on pooled data.

The average ratio of pooled “‘total’”” medians to
pooled “‘extractable” medians over the five samples studied
ranged from 1.02 to 3.5 and could be grouped as follows:
metals with low ratio of 1.02 to 1.07 {Cu, Co, Zn, and Pb);
metals with a medium ratio of 1.10 to 1.26 (Ni, Mn, Cd, and
Fe); and metals with a high ratio of 2.0 to 3.5 (V and Al).
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Table A-2. Extractable Aluminum (pooled data)
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Table A-3. Total:Cadmium (pooled data)
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Table A-5. Total Cobalt (pooled data)
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Table A-6. Extractable Cobalt (pooled data)
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Table A-7. Total Copper(pooled data)
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Table A-8. Extractable Copper (pooled data)
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Table A-9. Total.Iron (pooled data)
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Table A-10. Extractable Iron (pooled data)
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Table A-11. Total Manganese (pooled data)
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Table A-12. Extractable Manganese (pooled data)
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Table A-13. Total Nickel (pooled data)
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Table A-14. Extractable Nickel (pooled data)
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Table A-15. Total Lead (pooled data)
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Table A-16. Extractable Lead (pooled data)
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Table A-17. Total Vanadium (pooled data)
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Table A-18. Extractable Vanadium (pooled data)
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Table A-19. Total Zinc (pooled data)
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Table A-20. Extractable Zinc (pooled data)
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Appendix B

Tables for Overall Ranking Results for Pooled
‘““Total’’ and Pooled ‘‘Extractable’’ Data
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Table B-3. Cobalt
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Table B-4. Copper
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Appendix C
Median Results




Table C-1. Median Results for Aluminum (%)

Method Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 No. results used
“Total” data
AA* 8.29 5.79 5.89 5.71 6.08 20
iCcP 8.31 5.89 6.04 6.18 6.37 8
INAA 8.23 5.89 6.22 5.99 6.44 4
Pooled 8.29 5.80 6.04 5.94 6.22 32
‘‘Extractable’ data
AA* 2.92 1.71 2.02 1.59 1.78 6
ICP 2.57 1.61 1.90 1.60 1.74 7
Pooled 2,61 1.61 1.90 1.60 1.74 13

*AA = Atomic ai)sbrption methodology including use of graphite,

Table C-2. Median Resuits for Cadmium (ug/g)

Method Sample1 Sample 2 Sample 3 Sample 4 Samb]e 5 No. resultsused No. labs reporting
v . “Total” data
AA* 2.10 3.95 5.75 4,40 2,55 18 24
ICP 1.80 3.03 4.60 3.15 1.70 3 7
Pooled 2.10 3.85 5.30 3.80 2.30 21 31
‘“‘Extractable” data
AA* 1.55 3.45 4.35 3.40 1.70 10 11
ICP 1.53 3.53 4.75 3.58 1.40 3 5
DCP 10.0 17.0 14.0 12.0 8.5 1 1
Pooled 1.60 3.65 4.70 3.55 1.50 14 17
*AA = Afomic absorption methodology including use of graplvlirtg.m
Table C-3. Median Results for Cobalt (ug/g)
Method Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 No. results used-
“Total’’ data
AA* 20.6 18.2 15.4 15,2 49.6 20
ICp 17.2 13.8 16.0 14.0 45.0 9
INAA 18.0 14.0 13.2 11.7 44.3 3
Pooled 18.2 14.8 15.2 13.0 44.8 32
“Extractable” data
AA* 16.0 13.7 13.0 10.8 42,3 6
ICP 18.4 14.0 14.5 14.1 39.5 7
DCP 20.0 19.0 19.0 16.0 46.0 1
Pooled 17.8 14.0 14.3 12.9 42.3 14

*AA = Atomic absorption methodology including use of graphite,

43



Table C-4. Median Results for Copper (ig/g)

Method Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 No. results use:i
“Total” data
AA* 80.5 83.8 105.0 81.6 566.0 26
ICP 76.3 82.0 101.0 75.0 555.0 8
INAA <400 <400 <400 <400 620 1
Pooled 80.0 83.4 105.0 81.0 565.0 35
“Extractable’ data
AA* 79.0 80.0 102.5 79.0 562.5 10
ICP 75.7 77.8 100.3 79.3 567.0 6
DCP 80.0 90.0 110.0 85.0 500.0 1
Pooled 78.0 80.0 102.0 79.5 564.0 17
*AA = Atomic absorption methodolog); including use of graphite.
Table C-5. Median Results for Iron (%)
Method Sample' 1 Samiple 2 Sample 3 Sample 4 Sample 5 No. result:s-{x;:d
A “Total” data A
AA* 4.90 5.94 3.60 3.18 3.36 23
ICP 5.10 6.06 3.70 2.96 3.50 9
INAA (3) and .
Titration (1) 4.99 6.19 3.65 3.32 3.52 4
Pooled 4.92 5.99 3.61 3.19 3.40 36
“Extractable’” data
AA* 4.42 4.65 2.86 2.38 2.98 9
ICP 4.14 4.70 2.89 2.30 2.65 7
DCP 4.60 5.90 3.40 2.70 3.00 1
Pooled 4.28 4.70 2.89 2.30 2.69 17
*AA = Atomic absorption methodology including use of graphite. -
Table C-6. Median Results for Manganese (ug/g)
Method Sample 1 Sample 2 Sample 3 Sample 4 Sa‘mpie 5 No. results used
“Total” data o
AA* 2265.0 1230.0 592.0 543.0 580.5 22
ICP 2147.5 1095.0 551.3 492.5 582.5 8
INAA 2321.5 1276.0 612.0 572.5 607.0 4
Pooled 2260.0 1216.0 586.0 540.5 582.5 34
“Extractable’ data
AA* ) 2200.0 1100.0 511.0 418.0 483.0 9
ICP 2280.0 1090.0 480.0 415.0 490.0 7
Pooled 2210.0 1095.0 495.0 415.5 486.5 16

*AA = Atomic absorption methodology including use of graphite.
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Table C-7. Median Results for Nickel (ug/g)

Method Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 No. results used
“Total” data
AA* 63.1 56.1 46.0 39.7 949.5 24
ICP 58.7 521 42.0 37.2 937.5 8
INAA 58.0% <45 <45 <40 940.0 3
<100 <100 <100 <100 )
Pooled 59.3 54.4 44.2 38.5 941.0 35

‘“‘Extractable” data

AA* 57.8 49.5 40.3 33.8 920.5 8
ICp 54.0 47.1 38.8 30.0 850.0 7
DCP 64.0 59.0 50.0 - 42.0 810.0 1
Pooled 57.6 48.0 40.3 33.0 866.0 16
*AA = Atomic absorption methodology including use of graphite.
+Lab 76.
Table C-8. Median Results for Lead (ug/g)
Method Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 No. results used
‘ » “Total” data
AA* 85.7 243.0 257.0 142.5 56.0 26
ICP 88.3 242.8 246.8 145.0 64.3 6
Pooled 85.7 243.0 254.5 143.5 58.0 32
“Extractable” data
AA* 75.0 228.0 240.0 133.0 46.0 9
ICp 87.5 237.3 257.0 141.0 55.0 6
DCP 100.0 290.0 310.0 180.0 70.0 1
Pooled 77.0 233.5 250.5 1375 50.9 16
*AA = Atomic absorption methodology including use of graphite.
Table C-9. Median Results for Vanadium (ug/g)
Method ~ Sample 1 Sarﬁple 2 Sample 3 Sample 4 Sample 5 No. results used:
“Total” data
AA* 138.00 98.35 100.50 85.50 78.25 10
ICP 120.75 83.10 79.20 69.50 68.30 8
INAA 124.0 85.0 83.5 73.35 63.0 4
Pooled 125.0 88.85 85.50 73.35 69.90 22
“Extractable” data
AA* 73.00 54.00 63.30 55.00 59.00 3
ICP 45.00 38.00 42.00 33.20 41.00 7
Pooled 55.00 41.55 43.95 35.70 43.50 10

*AA = Atomic absorption methodology including use of graphite.
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Table C-10. Median Results for Zinc (ug/g)

Sample 1

Method Sample 2 Sample 3 Sample 4 Sample 5 No. results used
o “Total” data .

AA* 275.0 1400.0 1520.0 1093.0 767.0 27

ICP 280.0 1380.0 1550.0 1110.0 775.0 9

INAA 322.5 1454.5 1569.0 1165.0 823.5 2

Pooled 279.0 1393.0 1531.0 1100.0 771.0 38

‘“Extractable’” data

AA* 260.0 1330.0 1465.0 1070.0 762.0 10

ICP 266.0 1350.0 1468.0 1070.0 773.0 7

DCP 300.0 1400.0 1500.0 1300.0 700.0 1
262.0 1350.0 1484.0 1075.0 762.0 18

Pooled

*AA = Atomic absorption methodology including use of graphite,




Appendix D |
Summary of Laboratory Appraisals




Table D-1. Lab 2 (AA, E)

Table D-4. Lab 6 (AA, T)

No. of No. and No. of No. and ‘
Metal results reported type of flags Appraisal Metal results reported type of flags Appraisal
Aluminum 5 5 VL Biased low Aluminum 5 0 Satisfactory
Cadmium 5 0 Satisfactory Cadmium 5 1H Biased high
Cobalt 0 4VH
Copper 5 3 VL Biased low Cobalt 5 5 VH -
2L Copper 5 0 Satisfactory
Iron 5 5 VL Biased low Iron 5 0 Satisfactory
Manganese 5 2VL - Manganese 5 0 Satisfactory
1L Nickel 5 1H Biased high
Nickel 5 3VL Biased low 4 VH
1L Lead 5 2ZH -
Lead 5 1L Satisfactory 1 VH
Vanadium 0 Vanadium 5 3L -
Zinc 5 2VL Biased low (colorimetry) 1VH
3L Zinc 5 0 Satisfactory
Table D-5. Lab 8 (AA, T
Table D-2. Lab 3 (AA, T) shle D-3. Lab3(AA, T
- = No. of No. and
No. of No. and Metal resultsoreoorted t eoo;1 rffla S Appraisal
Metal results reported type of flags Appraisal ’ i ts repor P g PP
- Aluminum 5 5 VL Biased low
Aluminum 0 .
. - Cadmium 5 1VH -
Cadmium 5 - Insufficient s
Cobalt 5 0 Satisfactory
(5 less than) data .
.. Copper 5 1 VH -
Cobalt 5 - Insufficient .
Iron 5 5 VL Biased low
(4 less than) data .
C . Manganese 5 0 Satisfactory
opper 5 1H Satisfactory . P
. Nickel 5 0 Satisfactory
Iron 5 Satisfactory .
: Lead 5 1H Satisfactory
Manganese 0 .
. Vanadium 0
Nickel 5 2VL - .
Zinc 5 3H -
1L 1 VH
Lead 5 1 VH -
Vanadium 0
Zinc 5 0 Satisfactory
Table D-6. Lab 10 (ICP, T)
No. of No. and
Metal results reported type of flags Appraisal
Table D-3. Lab 5 (ICP, E) Aluminum 5 2 VL —
No. of No. and Cadmi o 2L
Metal results reported type of fl A isal admium
P P 288 ppraisa Cobalt 5 0 Satisfactory
Aluminum 5 0 Satisfactory Copper 0
Cadmium 5 1L Satisfactory Iron 5 2VL -
Cobalt 5 2H Biased high 1L
Copper 5 0 Satisfactory Manganese 5 2VL -
Iron 5 ] Satisfactory 2L
Manganese 5 0 Satisfactory Nickel 5 0 Satisfactory
Nickel 5 0 Satisfactory Lead 0
Lead 5 1H Satisfactory Vanadium 5 0 Satisfactory
Vanadium 5 3L Biased low Zinc 5 1VL -
Zinc 5 0 Satisfactory 2L
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Table D-7. Lab 10B (ICP, E)

Table D-10. Lab 12 (AA, T)

No. of No. and No. of No. and
Metal results reported type of flags Appraisal ‘Metal results reported type of flags Appraisal
Aluminum 5 0 Satisfactory Aluminum 5 5 VL Biased low
Cadmium 0 Cadmium 5 0 Satisfactory
Cobalt 5 0 Satisfactory Cobalt 5 1L Biased low
Copper 0 Copper 5 1VL Biased low
Iron 5 1L Satisfactory 3L
Manganese 5 0 Satisfactory Iron 5 5VL Biased low
Nickel 5 0 Satisfactory Manganese 5 4 VL Biased low
Lead 0 Nickel 5 1VL Biased low
Vanadium 5 0 Satisfactory Lead - 5 3L Biased low
Zinc 5 1L Satisfactory Vanadium 5 5 VL Biased low
= — Zinc 5 1VL -
2L
Table D-8. Lab 10C (AA, T)
Table D-11. Lab 13 (ICP, E)
No. of No. and e
Metal results reported type of flags Appraisal No. of No. and
- — E— Metal results reported type of flags Appraisal
Aluminum 0
Cadmium 5 1H - Aluminum 5 0 Satisfactory
(graphite) 3 VH Cadmium 5 0 Satisfactory
Cobalt 0 Cobalt 5 0 Satisfactory
Copper 5 0 Satisfactory Coppet 5 -1H Biased high
Iron 0 4 VH
Manganese 0 Iron 5 0 Satisfactory’
Nickel 0 Manganese 5 0 Satisfactory
Lead 5 2 VL Biased low Nickel 5 0 Satisfactory
1L Lead 5 1H -
Vanadium 0 1 VH
Zinc 5 2 VL - Vanadium 5 0 Satisfactory
Zinc 5 0 Satisfactory
Table D-9. Lab 10D (AA, E) Table D-12. Lab 15 (AA and graphite, T)
No. of No. and ) No. of No. and
Metal results reported type of flags Appraisal Metal results reported type of flags Appraisal
Aluminum 0 Aluminum 5 5VL -
Cadmium 5 1H Biased high Cadmium 0
3 VH Cobalt 0
Cobalt 0 Copper 5 0o Satisfactory
Copper 5 1L Satisfactory Iron 5 0 Satisfactory
Iron 0 Manganese 5 0 Satisfactory
Manganese 0 Nickel 5 3 VL Biased low
Nickel 0 1L
Lead 5 0 Satisfactory Lead 0
Vanadiam 0 Vanadium 5 4 VH Biased high
Zinc 5 (/] Satisfactory Zinc 0 2H Biased high
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Table D-13. Lab 19 (AA, T)

Table D-16. Lab 19D (ICP, E)

No. of No. and No. of No. and
Metal results reported type of flags Appraisal Metal results reported type of flags Appraisal
Aluminum 5 0 Satisfactory Aluminum 5 1H Satisfactory
Cadmium 5 2H - Cadmium 5 Insufficient
Cobalt 5 0 Satisfactory (5 less than) data
Copper 5 1 VH - Cobalt 5 0 Satisfactory
Iron 5 1H Satisfactory Copper 5 3L -
Manganese 5 0 Satisfactory Iron 5 0 Satisfactory
Nickel 5 1L Satisfactory Manganese 5 0 Satisfactory
Lead 0 Nickel 5 0 Satisfactory
Vanadium 5 1H Biased high Lead 5 1H Satisfactory
3 VH Vanadium 5 0 Satisfactory
Zinc 5 3L Biased low Zinc 5 0 Satisfactory
Table D-14. Lab 19B (ICP, T)
No. of No. and Table D-17. Lab 21 (AA, E)
Metal results réported type of flags Appraisal No. of No. and
Aluminum 5 o Satistactory Metal results reported type of flags Appraisal
Cadmium 5 Insufficient Aluminum 0
(5 less than) data Cadmium 5 0 Satisfactory
Cobalt 5 0 Satisfactory Cobalt 0
Copper 5 1L - Copper 5 0 Satisfactory
1 VH Iron 5 1H Satisfactory
Iron 5 2H Biased high Manganese 5 0 Satisfactory
Manganese 5 0 Satisfactory Nickel 5 0 Satisfactory
Nickel 5 0 Satisfactory Lead 5 0 Satisfactory
Lead 5 1H - Vanadium 0
2 VH Zinc 5 0 Satisfactory
Vanadium 5 2H -
3 VH
Zinc 5 0 Satisfactory
’ Table D-18. Lab 23 (AA, T)
Table D-15. Lab 19C (AA, E) No. of No. and
- Metal results reported type of flags Appraisal
No. of No. and - -
Metal results reported type of flags Appraisal Aluminum 5 1VL -
- Cadmium 5 1 VH -
Aluminum 5 0 Satisfactory Cobalt 5 1H -
Cadmium 5 1 VL - ' 4 VH
1VH Copper 5 1 VH -
Cobalt 5 0 Satisfactory Iron 5 1VL —
Copper 5 0 Satisfactory 1 VH
Iron 5 0 Satisfactory Manganese 5 1 VL -
- Manganese 5 (o] Satisfactory Nickel 5 2H -
Nickel 5 0 Satisfactory 1 VH
Lead 0 Lead 5 3VL Biased low
Vanadium 5 1H - Vanadium 5 2H Biased high
1 VH 3 VH
Zine 5 0 Satisfactory Zinc 5 2VH -
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Table D-19. Lab 24 (AA and DCP, T) Table D-22. Lab 30C (AA, E)

No. of No. and No. of No. and
Metal results reported type of flags Appraisal Metal results reported type of flags Appraisal
Aluminum 0 Aluminum 5 0 Satisfactory
Cadmium 5 1VH - Cadmium 5 0 Satisfactory
Cobalt 5 o Satisfactory Cobalt 5 0 Satisfactory
Copper 5 ZH = Copper 5 0 Satisfactory
Iron 5 1H Biased high Iron 5 1H Satisfactory
Manganese 0 Manganese 5 2H —
Nickel 5 2H - 2 VH
1VH Nickel 5 1H Satisfactory
Lead 5 0 Satisfactory Lead 5 0 Satisfactory
Vanadium 0 Vanadium 5 2H Biased high
Zinc 5 0 Satisfactory 2 VH
i Zinc 5 1H -
‘ 1VH
Table D-20. Lab 30 (AA, T)
Table D-23. Lab 30D (ICP, E)
No. of No. and -
Metal results reported type of flags Appriisal No. of No. and
Tariiodm - s o - Satisfactory Metal results repoxjted type of flags Appraisal
Cadmium 5 0 Satisfactory Aluminum 5 0 Satisfactory
Cobalt 5 0 Satisfactory Cadmium 5 0 Satisfactory
Copper 5 0 Satisfactory Cobalt 5 0 Satisfactory
Iron 5 0 Satisfactrory Copper 5 0 Satisfactory
Manganese 5 0 Satisfactory Iron 5 2H Biased high
Nickel 5 0 Satisfactory Manganese 5 1H Satisfactory
Lead 5 0 Satisfactory Nickel 5 1H Satisfactory
Vanadium 5 3H - Lead 5 0 Satisfactory
Zinc 5 0 Satisfactory Vanadium 5 0 Satisfactory
- i Zinc 5 0 Satisfactory
Table D-21. Lab 30B (ICP, T) Table D-24. Lab 34 (AA, E)
No. of No. and No. of No. and
Metal results reported type of flags Appraisal Metal results reported type of flags Appraisal
Aluminum 5° 2H Biased high Aluminum 5 2H Biased high
Cadmium 5 3L - 3 VH
Cobalt 5 0 : Satisfactory Cadmium 5 0 Satisfactory
Copper 5 1H Biased high Cobalt 5 0 Satisfactory
4 VH Copper 5 0 Satisfactory
Iron 5 0 Satisfactory Iron 5 0 Satisfactory
Manganese 5 1L Satisfactory Manganese 5 4H -
Nickel 5 o Satisfactory Nickel 5 1H Satisfactory
Lead 5 0 Satisfactory Lead 5 0 Satisfactory
Vanadium 5 (] Satisfactory Vanadium 0
Zinc 5 0 Satisfactory Zinc 5 1H Satisfactory
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Table D-25. Lab 41 (AA, T) Table D-28. Lab 53 (AA, T)

No. of No. and No. of No. and
Metal results reported type of flags Appraisal Metal results reported type of flags Appraisal
Aluminum 0 Aluminum 5 5 VL Biased low
Cadmium 5 2 VL - Cadmium 5 0 Satisfactory
(graphite) (graphite)
Cobalt 0 Cobalt 5 5 VH Biased high
Copper 5 2 VL - Copper 5 5 VL Biased low
Iron 5 0 Satisfactory Iron 5 2L -
Manganese 0 Manganese 5 0 Satisfactory
Nickel 5 1H - Nickel 5 1VL Biased low
3 VH 1L
Lead 5 1VL - Lead 5 2L -
(graphite) 4 VH Vanadium 5 1 VH -
Vanadium 0 Zinc 5 0 Satisfactory
Zinc 5 1VH -
Table D-26. Lab 47 (DCP, E)
Table D-29. Lab 57 (AA, T)
No. of No. and
Metal results reported type of flags Appraisal No. of No. and
- Metal results reported type of flags Appraisal
Aluminim 0 - "
Cadmium 5 5 VH Biased high Alum{qum 5 0 Satfsfactory
Cobalt 5 0 Satisfactory Cadmium 5 0 Sat}sfactoty
Copper 5 1L _ Cobalt 5 0 Satisfactory
14 Copper 5 0 Satisfactory
Iron 5 1 VH — Iron Y
Manganese 0 Manganese 5 2VL -
Nickel 5 1H Satisfactory . 1L .
Lead 5 2H Biased high Nickel 5 0 Satisfactory
3 VH Lead 5 1L Satisfactory
Vanadium 0 Vanadium 0
Zinc 5 1H _ Zinc 5 0 Satisfactory
1 VH
Table D-27. Lab 51 (ICP, T) Table D-30. Lab 57B (ICP, T)
No. of No. and No. of No. and
Metal results reported type of flags Appraisal Metal results reported type of flags Appraisal
Aluminum 5 5 VL Biased low Aluminum 5 0 Satisfactory
Cadmium 5 1L Satisfactory Cadmium 5 0 Satisfactory
(AAS) (ICP/MS)
Cobalt 5 0 Satisfactory Cobalt 5 1L Satisfactory
Copper ) 5 . 0 Satisfactory Copper 5 1L Satisfactory
Iron 5 1VL - Iron 5 0 Satisfactory
2L Manganese 5 1VL -
-Manganese 5 1L Satisfactory 1L
Nickel 5 0 Satisfactory Nickel 5 1H Satisfactory
Lead 5 0 Satisfactory Lead 5 1L Satisfactory
(AAS) (ICP/MS)
Vanadium 5 5 VL Biased low Vanadium 5 0 Satisfactory
Zinc 5 0 Satisfactory Zinc 5 0 Satisfactory
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Table D-31. Lab 58 (ICP, T)

Table D-34. Lab 60 (ICP, T)

No. of No. and No. of No. and
Metal results reported type.of flags Appraisal Metal results reported type of flags Appraisal
Aluminum 5 0 Satisfactory Aluminum 0
Cadmium 5 0 Satisfactory Cadmium 5 Insufficient
Cobalt 5 0 Satisfactory (3 less than) data
Copper 5 0 Satisfactory Cobalt 5 1L Satisfactory
Iron 5 0 Biased high Copper 5 0 Satisfactory
(slightly) Iron 5 0 Satisfactory
Manganese 5 0 Satisfactory Manganese 0
Nickel 0 Nickel 5 0 Satisfactory
Lead 5 1H - Lead 5 0 Satisfactory
2 VH (AAS)
Vanadium 5 o Satisfactory Vanadium 0
Zinc 5 1H Satisfactory Zinc 5 (o] Satisfactory
Table D-35. Lab 62 (AA, T)
Table D-32. Lab 58B (ICP, E) - s
- No. of No. and
No. of - No. and Metal results reported type of flags Appraisal
Metal results reported type of flags Appraisal - - i -
— SR Alumifndm 5. 1H Satisfactory
Aluminum 5 5 VL Biased low Cadmium 5 1L -
Cadmium 5 0 Satisfactory 1 VH
Cobalt 5 2VL Biased low Cobalt 5 0 Satisfactory
3L Copper 5 0 Satisfactory
Copper 5 5 VL Biased low Iron 5 0 Satisfactory
Iron 5 5 VL Biased low Manganese 5 0 Satisfactory
Manganese 5 4 VL Biased low Nickel 5 1H Satisfactory
1L Lead 5 0 Satisfactory
Nickel 5 5 VL Biased low Vanadium 0
Lead 5 5VL Biased low Zinc 5 0 Satisfactory
Vanadiom 5 5 VL Biased low G
Zinc 5 2VL -
Table D-36. Lab 65 (AA, T)
No. of No. and
Metal results reported type of flags Appraisal
Table D-33. Lab 58C (AA, T) Aluminum 5 2VL -
—— 1L
No. qf ’ No. and ) Cadmium 5 4 VH _
Metal resulgs reported type of flags 7A»ppraxsal Cobalt 5 1H Biased high
Aluminum 0 4 VH
Cadmium 0 Copper 5 1VL -
Cobalt 0 Iron 5 3VL -
Copper 0 1L
Iron 0 Manganese 5 0 Satisfactory
Manganese 0 Nickel 5 3 VH -
Nickel 5 0 Satisfactory Lead 5 5 VH Biased high
Lead 0 Vanadium 5 0 Satisfacrory
Vanadiam 0 Zinc 5 1VL Biased low
Zinc 5 0 1L

Satisfactory

54




Table D-37. Lab 67 (ICP, E) Table D-40. Lab 74 (AA, T)

No. of No. and No. of No. and
Metal results reported - type of flags Appraisal Metal results reported type of flags Appraisal
Aluminum 5 0 Satisfactory Aluminum 5 1H Biased high
Cadmium 5 0 Satisfactory Cadmium 5 0 Satisfactory
(AAS) Cobalt 5 Insufficient
Cobalt 5 0 Satisfactory (5 less than) data
Copper 5 0 Satisfactory Copper 5 1H Satisfactory
Iron 5 0 Satisfactory Iron 5 0 Satisfactory
Manganese 5 0 Satisfactory Manganese 5 o Satisfactory
Nickel 5 (] Satisfactory Nickel 5 Insufficient
Lead 5 2L - (4 less than) data
Vanadium 5 0 Satisfactory Lead 5 0 Satisfactory
Zinc 5 0 Satisfactory Vanadium 0
Zinc 5 1H Satisfactory
Table D-38. Lab 71 (AA, E) Table D-41. Lab 748 (ICK, )
No. of No. and Metal resulltqsor'e:irted ty:eoc.): rftltigs Appraisal
Metal results reported type of flags Appraisal _ _
. Aluminum 5 0 Satisfactory
Aluminum 0 . .
. . . Cadmium 5 0 Satisfactory
Cadmium 5 0 Slight bias .
low Cobalt 5 0 S%tlsfaqto;y
Cobalt 5 0 Satisfactory Copper 5 3L Biased low
Copper 5 0 Satisfactory Iron 5 2L B
Iron 5 2 VL _ Manganese 5 1VL -
3L i 2L ‘
Manganese S 4VL Biased low Nx'cke] 5 0 Sat}sfactory
Nickel 5 0 Satisfactor Lead 5 0 Satisfactory
Yy . .
Lead 5 0 Satisfactor Vanadium 5 0 Satisfactory
. ¥ Zi 5 0 Satisfactor;
Vanadium 0 e stactory
Zinc 5 1VL - ’
Table D-42. Lab 76 (INAA, T)
Table D-39. Lab 73 (AA and graphite, T) N
No. of No. and
No. of No. and _ Metal results reported type of flags Appraisal
lf'letal results feported type of flags Appraisal Aluminum p o Satistactory
Aluminum 5 5 VL - Cadmium 0
Cadmium 5 0 Satisfactory Cobalt 5 0 Satisfactory
Cobalt 5 0 Satisfactory Copper 0
Copper 5 0 Satisfactory Iron 5 0 Satisfactory
Iron 5 1L Satisfactory Manganese 5 0 Satisfactory
Manganese 5 1L Satisfactory Nickel 5 Insufficient
Nickel 5 0 Satisfactory (3 less than) data
Lead 5 0 Satisfactory Lead 0
Vanad,ium 5 1VL - Vanadium 5 1VL -
Zinc 5 0 Satisfactory Zinc 0
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] Table D-43. Lab 89 (AA, T) Table D-46. Lab 102 (AA, E)

No. of No. and No. of No. and
Metal results reported type of flags Appraisal Metal results réported type of flags Appraisal
Aluminum 0 Aluminum 5 0 Satisfactory
Cadmium 5 1H - Cadmium 5 1L Satisfaétofy
‘ 1 VH Cobalt 5 0 Satisfactory
Cobalt 5 1H Satisfactory Copper 5 (o] Satisfactory
Copper 5 1H Satisfactory Iron (Fusion, 5 0 Satisfactory
Iron 5 1VL - Titration)
1L Manganese 5 2H -
Manganese 5 2VL - Nickel 5 0 Satisfactory
1L Lead 5 0 Satisfactory
Nickel 5 0 . Satisfactory Vanadium 0
Lead 5 1 VH - Zinc 5 0 Satisfactory
Vanadium 0 —
Zinc 5 1VH -
Table D-44. Lab 93 (AA, T)
s Table D-47, Lab 109 (AA, T)
No. of No. and -
Metal results reported type of flags Appraisal No. of No. and
- . i Metal results reported type of flags Appraisal
Aluminum 0 d
Cadmium 5 1L Satisfactory Aluminum 5 0 Satisfactory
Cobalt 0 Cadmium 0
Copper 5 0 Satisfactory Cobalt 5 0 Satisfactory
Iron 5 0 Satisfactory Copper - 5 2L -
Manganese 5 1VL - Iron (Fusion, 5 0 Satisfactory
. 1L Titration)
Nickel 0 Manganese 5 0 Satisfactory
Lead 5 1H - ' Nickel 5 0 Satisfactory
' 2 VH Lead 5 0 Satisfactory
Vanadium 0 Vanadium 0
Zinc 5 2L Biased low Zinc 5 0 Satisfactory
Table D-45. Lab 93B (AA, E)
No. of No. and
Metal results 1tep.0}'ted type of flags Appraisal Table D-48. Lab 109B (AA, T, + HCIO acid)
Aluminum 0 No. of No. and
Cadmium 5 ZH - Metal results reported type of flags Appraisal
Cobalt 0 ‘ - - —
Copper 5 4 VL Biased low Aluminum 5 0 Satisfactory
1L Cadmium 0
Iron 5 5VL Biased low Cobalt 5 0 Satisfactory
Manganese 5 3VL - Copper 5 0 Satisfactory
' 1L Iron 5 0 Satisfactory
Nickel 0 Manganese 5 0 Satisfactory |
Lead 5 1VL — Nickel 5 2H —
Vanadium 0 Lead - 5 0 Satisfactory
Zinc 5 2VL Biased low Vanadium 0
2L Zinc 5 0 Satisfactory
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Table D-49. Lab 111 (AA, T, 0.25 g + boric acid) Table D-52. Lab 120 (AA, T)

No. of No. and No. of No. and
Metal results reported type of flags Appraisal Metal results reported type of flags Appraisal
Aluminum 5 0 Satisfactory Aluminum 5 1 VL -
Cadmium 5 3H - Cadmium 5 1L Satisfactory
2 VH Cobalt 5 2L -
Cobalt 5 2H - Copper 5 0 Satisfactory
2 VH Iron 5 0 Satisfactory
Copper 5 0 Satisfactory Manganese 5 2H -
Iron 5 0 Satisfactory 1VH
Manganese 5 0 Satisfactory Nickel 5 0 Satisfactory
Nickel 5 1H - Lead 5 1L Satisfactory
3 VH Vanadium 5 0 Satisfactory
Lead 5 0 Satisfactory Zinc 5 1H Satisfactory
Vanadium 0
Zinc 5 0 Satisfactory
Table D-53. Lab 120B (ICP, T)
Table D-50. Lab 111B (AA, T, 0.1 g - boric acid) No. of No. and
No. of No. and Metal results reported type of flags Appraisal
Metal results reported type of flags Appraisal Aluminum 5 5 VL -

- - - Cadmium 5 3L Biased low
Alum_inum 5 0 Satisfactory Cobalt 5 2L Biased low
Cadmiam 5 3 VH T Copper 5 0 Satisfactory
Cobalt 5 5 VH Bxa.sed high Iron 5 1L Satisfactory
Copper 5 0 Satisfactory Manganese 5 1VL -

Iron 5 0 Satisfactory 2L
Manganese 5 1H - Nickel 5 0 Satisfactory

. 1 VH Lead 5 0 Satisfactory
Nickel 5 4 VH Biased high Vanadium 5 0 Satisfactory
Lead 5 5 VH Biased high Zinc 5 0 Satisfactory
Vanadium 0 :
Zinc 5 0 Satisfactory

Table D-54. Lab 130 (AA, T)
Table D-51. Lab 119 (AA, E)
No. of No. and
No. of No. and Metal results reported type of flags ~ Apprajsal
Metal results reported type of flags Appraisal
Aluminum 5 0 Satisfactory
Aluaminum 5 5 VH Biased high Cadmium 5 Insufficient
Cadmium 5 0 Satisfactory (5 less than) data
Cobalt 5 1H Satisfactory Cobalt 5 Insufficient
Copper 5 1 VH -~ (5 less than) data
Iron 5 2H - Copper 5 0 Satisfactory
Manganese 5 1L Satisfactory Iron 5 0 Satisfactory
Nickel 5 3H Biased high Manganese 5 0 Satisfactory
Lead 5 1H Biased high Nickel 5 1H -
4 VH . 2 VH
Vanadium 5 2 H Biased high Lead 5 0 Satisfactory
1 VH Vanadium 0
Zinc 5 5 VH Biased high Zinc 5 0 Satisfactory

57




Table D-55. Lab 130B (INAA, T)

Table D-57. Lab 136 (INAA, T)

No. of No. and No. of No. and
Metal results reported type of flags Appraisal Metal results reported type of flags Appraisal
Aluminum 5 0 Satisfactory Aluminum 5 0 Satisfactory
Cadmium 0 Cadmium 0
Cobalt 5 Insufficient Cobalt 5 0 Satisfactory
(5 less than) data Copper 5 Insufficient
Copper 0 (4 less than) data
Iron 0 Iron 5 0 Satisfactory
Manganese 5 0 Satisfactory Manganese 5 3H Biased high
Nickel 0 : 1 VH
Lead 0 Nickel 5 1VH Insufficient
Vanadium 5 0 Satisfactory (4 less than) data
Zinc 0 Lead 0
Vanadium 5 0 Satisfactory
Zinc 5 3H Biased high
2 VH
Table D-56. Lab 130C (AA, E) Table D-58. Lab 137 (INAA, T)
No. of No. and No. of No. and
Metal results reported type of flags Appraisal Metal results reported type of flags Appraisal
Aluminum 5 0 Satisfactory Aluminum 5 0 Satisfactory
Cadmium 5 Insufficient Cadmium 0
(-5 less than) data Cobalt 5 0 Satisfactory
Cobalt 5 0 Satisfactory Copper 0
Copper 5 0 Satisfactory Iron 5 0 Satisfactory
Iron 5 1H Satisfactory Manganese 5 2H Biased high
Manganese 5 2H Biased high Nickel 5 1VL Insufficient
2VH : (4 less than) data
Nickel 5 2H Biased high Lead 0
Lead 5 1H Satisfactory Vanadium 5 0 Satisfactory
Vanadium 0 Zinc 5 0 Satisfactory
Zinc 5 0 Satisfactory i -

58




Appendix E
List of Participants




APPENDIX E

LIST OF PARTICIPANTS

Agriculture Canada

Canadian Forestry Service, Chemical & Physical Analysis
Laboratory, St. John's, Newfoundland

Environment Canada

Environmental Conservation Service
Atlantic Region, Water Quality Branch Laboratory,
Moncton, New Brunswick
National Water Quality Laboratory, Water Quality
Branch, Burlington, Ontario
Environmental Protection Service
Atlantic Region, Chemistry Laboratory, Dartmouth,
Nova Scotia
EPS Newfoundland, St. John's, Newfoundland
Northern Forest Research Centre, Edmonton, Alberta
Pacific Region, Laboratory Services, West Vancouver,
British Columbia
Scientific Programs Branch, Analytical Services Lab,
Edmonton, Alberta
SPE Laboratoire, Longueuil, Québec
Wastewater Technology Centre, Laboratory Services
Section, Burlington, Ontario
Canadian Forestry Service
Great Lakes Forest Research Centre, Sault Ste. Marie,
Ontario
Laurentian Forest Research Centre, Ste-Foy, Québec

Provincial Government Laboratories

B.C. Ministry of the Environment, Environmental Labo-
ratory, Vancouver, British Columbia

Manitoba Department of Environment, Technical Ser-
vices Laboratory, Winnipeg, Manitoba

New Brunswick Department of Environment, Municipal
Affairs and Environmental Laboratory, Fredericton,
New Brunswick

Ontario Ministry of Agriculture and Food, Agricultural
Labs Services Branch, Guelph, Ontario

Ontario Ministry of Environment, Inorganic Trace Con-
taminants Section, Rexdale, Ontario -

Ontario Ministry of Environment, Thunder Bay Labora-
tory, Thunder Bay, Ontario

Ontario Ministry of Northern Development and Mines,
Ontario Geological Survey, Geoscience -Laboratories,
Toronto, Ontario

Québec Ministére de I'environnement, Section assurance
de la qualité, Ste-Foy, Québec

Municipal Laboratories

City of Winnipeg, Laboratory Services Division, Winnipeg,
Manitoba

Greater Vancouver Regional District, Main Laboratory,
Burnaby, British Columbia

Industrial and Consulting Laboratories

Atlantic Analytical Services Ltd., St.
Brunswick

Barringer Magenta Ltd., Rexdale, Ontario

Beak Consultants Ltd., Mississauga, Ontario

Bondar Clegg & Co. Ltd., Ottawa, Ontario

Brenda Mines Ltd., Peachland, British Columbia

Chemex Labs Alberta (1984) Ltd., Calgary, Alberta

Chemex Labs Ltd., North Vancouver, British Columbia

Chemical and Geological Labs Ltd., Edmonton, Alberta

Cominco Ltd., Exploration Research Laboratories,
Vancouver, British Columbia

Cominco Ltd., Analytical
Columbia

Ecole Polytechnique, Campus de |'université de Montréal,
Montréal, Québec

Eco-recherches {Canada) Inc., Pointe-Claire, Québec

Enviroclean Ltd., London, Ontario

Enviro-Test Labs, Edmonton, Alberta

Monenco Analytical Laboratories, Calgary, Alberta

Noranda Mines Ltd., Noranda, Québec

Nuclear Activation Services Ltd., Hamilton, Ontario

Ontario Hydro, Etobicoke, Ontario

Shell Canada Ltd., Calgary Research Centre, Calgary,
Alberta

John, New

Services, Trail, British

University Laboratories

University of Alberta, Slowpoke Reactor Facility,
Edmonton, Alberta
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