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Abstract

This report, prepared by the National Research Councll of Canada, summatizes results of the
NOAA National Status and Trends Program fifth round intercomparison exercise for trace
metals in marine sediments and biological tissues. This exercise is one in a series of annual
intercomparisons sponsored by NOAA and EPA doing agency-funded chemical analyses. In
addition, the exercises have been opened to other laboratories resulting in forty laboratories
receiving materials for analysis for the 1991 exercise. The exercise materials were a
moderately contaminated sample of siliceous sediment collected from a Nova Scotia harbor, and
a moderately contaminated tissue sample of Mytilus edulis collected off the Pacific Northwest
coast of the US. Reference materials NIST SRM 1566a and NRC CRM BCSS-1 were also
analyzed as part of the exercise. The elements determined were Al, Cr, Fe, Cu, Zn, As, Se, Cd,
Sn, Hg and Pb for both matrices, plus Ag for the mussel tissue. The analysis of Si, Mn, 8b and
Tl was optional. Twenty nine sets of results were received.

[Abstract by A. Cantillo, Quality Assurance Project Manager, NOAA National Status and Trends
Program.]
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INTRODUCTORY REMARKS

The National Oceanic and Atmospheric Administration's National Status and Trends (NS&T)
Program measures levels of chemical contaminants in organisms and sediments from around the
coasts of the United States. A number of different laboratories have participated in making
these measurements. In order to help assure and document the intercomparabllity of the data
from various participating laboratories, the NS&T Program has supported a series of
intercomparison exercises. This has Included providing support to the Institute of
Environmental Chemistry, National Research Council (NRC) of Canada to conduct and evaluate
the results from intercomparisons of analyses for trace metals in marine sediments and
biological tissues. The following is a reproduction of a previously unpublished report provided
to the NS&T Program by NRC Canada regarding one of these intercomparison. It is being
reproduced hers to provide a permanently available record of the exercise results.
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1. INTRODUCTION

The purpose of this exercise is to assess the capabilities of a number of National Oceanic
and Atmospheric Administration (NOAA) and other laboratories involved in NOAA’s National
Status and Trends program to analyze marine sediment and biological tissue for trace metals.
This is the fifth intercomparison organized by the National Research Council of Canada (NRC)
on behalf of NOAA. A small number of USEPA and state laboratories joined in the fourth
exercise. This year the exercise was expanded to include forty laboratories, including four from
Australia. The number of participants was limited only by the number of samples previously
prepared by NRC before it was apparent that an even larger number of laboratories wished to

participate.

Laboratories, meeting at the annual NOAA quality assurance workshop after the fourth
exercise in Sequim, had agreed to analyze one sediment and one bivalve fissue as well as the
certified reference materials (CRMs) NRC BCSS-1 and NIST SRM 1566a for the fifth study.
The previous participants also requested that the samples be somewhat contaminated in contrast
to the rather pristine materials that were issued for the fourth exercise. The materials prepared

by NRC were:

Sediment N, a moderately contaminated sample of siliceous sediment collected
from a Nova Scotia harbour and

Mussel P, a moderately contaminated tissue sample fror_n Mytilus edulis collected
off the northwest coast of the U.S. and donated by Eric Crecelius of Baftelle

Pacific Northwest.

Each participating laboratory was sent a ten gram sample of each of the "unknown” with
the expectation that each participant would be responsible for procuring their own samples of
the recommended CRMs. They were also sent data sheets on which to record their results,
analytical procedures and methods for calculating limits of detection.

Each laboratory was requested to perform five replicate analyses of each of the samples
and CRMs for eleven metals in the sediments: Al, Cr, Fe, Cu, Zn, As, Se, Cd, Sn, Hg and Pb
(with Si, Mn, Sb and Tl optional). The same list of eleven plus Ag was requested for the

biological tissues.

In order to help provide benchmarks of accuracy for Sediment N and Mussel P, NRC
also analyzed each of the samples by two different analytical methods. Where possible, one set
of results were produced using isotope dilution inductively coupled plasma mass spectrometry
(IDICPMS). This technique, when used correctly, is capable of producing very reliable
analytical values. This is not to infer that the NRC laboratory is infallible, however, it does have
a long and successful record regarding analysis of marine samples and the production of certified
reference materials for trace metal analysis.




2. RESULTS

The prepared samples were mailed to the forty laboratories listed in Appendix A on April
18, 1991, with the deadline for receipt of results set for September 13, 1991. It is very
disappointing to report that results were received from only twenty-nine participants even after
a two week extension of the deadline. Sequential numbers were assigned to each responding
laboratory upon receipt of their data. Laboratory numbers 30 and 31 were assigned to NRC.

A copy of the tabulated raw results was sent to each participant that had submitted data
before the September 13 deadline in order to verify that no errors had been made in the
transposition of data. This was not possible for data received after the original deadline. A small .
number of mistakes were caught and changes were made only if NRC was at fault. The data
used for subsequent evaluation are listed in Appendix B. With the exception of Al and Fe for
the sediment samples, the data are listed as received with respect to significant figures.

Each set of replicate analyses was examined using the Q test (Dixon’s test)! for outliers
and, when warranted, the laboratory mean was recalculated excluding the outlier. There were
25 rejected results. These are marked by a "Q" in Appendix B. If two or more "less than (<)"
values were submitted in a set of replicate results the mean was not calculated. However, all
quantitative results are included in the graphs. Laboratory 26 submitted only two replicate
analyses. The data were included in the graphs but not in the evaluation.

One purpose of the exercise was to arrive at an accepted value for each analyte
concentration in order to evaluate laboratory biases. The overall mean concentration for each
metal was calculated from the mean of laboratory replicates and NRC data. These means were
assumed to be normally distributed, which may not be a valid assumption at very low
concentrations, but for the purpose of this exercise is felt to be adequate. A successively applied
Student ¢ test? at the 95% confidence level was used to identify outliers. Some very obvious
outliers were initially rejected before statistical evaluations.

All of the replicate data, including outliers, are plotted on the graphs where possible.
Means that were outliers from the accepted or certified concentration are indicated by a "*"
followed by the laboratory number. “Less thans" are indicated by a downward arrow head and
the appropriate number. Some high results that would distort the clarity of the graphs are
indicated by an upward arrow head with the mean of the replicates reported.

A solid horizontal line represents the accepted or certified value. The lines above and
below represent the 95% confidence limits for these values. A short summary of results for each
set of results is listed to the left of the appropriate graphs.

All concentrations are in mg/kg on a dry weight basis (except for aluminum, iron and
silicon in the sediments where the concentrations are in percent).
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Sediments

Nineteen participants submitted results for aluminum in Sediment N. Values ranged {rom 0.009 to 6.8
percent. Twelve of the laboratory means (2,4,12,14,15,17,18,20,21,25,27,28) were within the accepted
conflidence range of + 25 percent. The other seven (1,3,8,9,10,13,19) were all low. This is most likely due to
incomplete sample dissolution. Only one of these seven laboratories used hydrofluoric acid in their digestion
procedure. By comparison, all the laboratories with results within the 95 percent confidence interval used
hydrofluoric acid. ' A

The same trend can be seen for BCSS-1. The laboratories that did not use hydrofluoric acid in their
sample digestion reported results much lower than the certified value. Laboratory 18 reported a mean slightly
higher than the confidence limit and Laboratory 28 slightly lower. The certified reference material has a tighter
confidence interval of 7 percent and eight laboratories (4,12,14,17,20,21,25,27) were included,

Tissues

Eighteen laboratories reported results for Mussel P ranging between 1.99 and 830 mg/kg. A large
discrepancy can be scen between the results of NRC (30,31) and Laboratory 29 and those of the other
laboratories. This is probably due to [ine sand or clay particles usually present in this type of sample. NRC’s
digestion procedure would have dissolved aluminum bearing materials. (We don’t know Laboratory 29’s
procedure.) Laboratory 4 is the only other of record to have used hydrofluoric acid to decompose the sample
but there are problems with the values, perhaps a couple of dropped decimal points. Leaving out Labomiarics
29,30,31 yields a mean of 374 + 374, an almost uscless result. A less rigorous dissolution procedure by NRC
resulted in a aluminum concentration of 425 * 60 mg/kg. The degree of partial dissolution of the mineral
content can not be well controlled on an interlaboratory basis. The results for aluminum in Mussel P were not
included in the laboratory evaluations. v

Thiricen laboratories reporied results for SRM 1566a ranging between 1.6 and 263 mg/kg. Only
Laboratories 12 and 29 produced means within the CRM’s confidence interval. All others were low,
presumably, [or the same reasons as discussed above.

Precision is good for both samples.
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Scdiments
Silicon in the sediments was an optional analyte.

Only three laboratories (17,20,24) other than NRC reported results for silicon. Thesc laboratorics
were in good agreement, able to determine silicon with accuracy and precision in both Sediment N and
the certified reference material.




SILICON

The determination of silicon was not required
in the biological tissues
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Sediments

Twenty-three participants reported results for chromium in Sediment N ranging between 4 and
82.2 mg/kg. Ten laboratory means (1,3,7,8,9,10,13,16,19,26) were rejected. All were lower than the
accepted = 25 pereent confidence limit. Only Laboratory 28 reported results with a precision poorer than
10 percent.

Twenty-iwo laboratories submitted results for BCSS-1 ranging from 2 to 140 mg/kg. Only seven
means (2,12,17,20,24,25,29) were within the certified + 11 percent confidence interval. Fifteen means were
outside the confidence interval, all low.

Examination of the graphs reveals two sets of results for each sample. The same ten laboratories
report means centring about the 30 mg/kg and 40 mg/kg levels for Sediment N and BCSS-1 respectively.
This is 2 common problem in sediment analysis for chromium. It arises from the presence of the mineral
chromile in these sediments which often resists dissolution. In general, laboratories thal reported low
results for aluminum also reported low results for chromium. Laboratories 2,12,17,20,24,25 and 29
produced good resuits for both samples.

Tissues

Twenty-one parlicipants reported results for chromium in Mussel P ranging between 0.8 and 17
mg/kg. Seven of the means (1,3,15,16,17,19,23) outside the calculated £ 30 percent confidence interval.
Only two of these (15,17) were higher than the upper confidence limit.

Seven (6,12,17,18,19,20,29) of fifteen laboratories reporting guantitative results for chromium in
SRM 15662 had means within the = 32 percent certified concentration range. Laboratories 4,8 and 10
reported high results and laboratories 1,3,7,21 and 23 were low. Laboratories 3,7,8,10,21 and 23 reported
results with a precision worse than 15 percent. In general, intralaboratory precision for chromium was
worse than for most analyles.
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Sediments

Manganese was an optional analyte but eighteen and sevenieen participants reported results for
Scdiment N and BCSS-1 respectively. Thirlcen means (2,4,12,14,15,17,20,21,23,24,25,28,29) were within
the conlidence interval of *+ 21 percent calculated for Sediment N. A second sel-of data can be
distinguished, probably duc 1o dissolution procedures, with low means centring around about 250 mg/kg

MANGANESE
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(1,3,8,9,13). Precision was good [or all Iaboratories.

Results for BCSS-1 showed a similar trend, with cight laboratories (2,4,12,14,17,20,21,24,29)
submitling means within the * 7 percent certified confidence interval, six (1,3,9,13,23,28) reporting lower

means and two (8,25) higher. Precision was again good for all laboratories.




MANGANESE

The determination of manganese was not required
in the biological tissues
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Sediments

Twenty-one participants reported results for iron in Sediment N ranging between 0.0002 to 3.2
percent. (The former wvalue is very difficult to comprehend.}) Fourlcen laboratories
(1,2,4,8,12,14,15,17,20,21,23,24,25,27) had means within the accepted confidence interval of 13 percent.
The means from seven laboratories (3,7,9,10,13,19, and 28) were rejected, all less than the lower
confidence limit.

Only six laboratories (4,14,17,20,24,25) of twenty which submitted resuits produced means within
the * 4 percent confidence interval of the certified reference material BCSS-1. The concentration of iron
in both samples is similar but the confidence interval for the reference material is much smaller, resulting
in a higher number of rejections. The laboratories that reported low results for Sediment N also submitted
low results for BCSS-1. Laboratories 12 and 27 reported slightly high results. Laboratories 7 and 8
reported resulls with a precision greater than 5 percent.

Tissues

Nineteen participants reported results' for iron in Musse! P ranging from 3.6 to 828 mg/kg. Six of
the mcans were lower than the accepted = 30 percent confidence interval. Two laboratories (8,18)
submitted results with a precision worse than 10 percent.

Filteen laboratories submitted results for iron in SRM 1566a. Only four laboratories (12,14,17,20)
reported means within the * 3 percent confidence interval. The remaining eleven means were beyond the
certilicd concentration range. The precision was good for all laboratorics.

Laboratories 12,14,17 and 20 reported good results for both biological tissues.
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Twenty-seven laboratories reported results for Sediment N ranging between 38 and 435 mg/kg.
Only 3 laboratories (7,19,28) reported means outside the confidence interval. The former two were low
and the latter very high (arithmetic?). Precision was good for all laboratories.

Twenty-three laboratories reported results for BCSS-1. Ten of these failed to produce means within
the confidence interval for this CRM. The concentration of copper in BCSS-1 is an order of magnitude
less than that in Sediment N and the proportion of laboratories outside the acceptable range reflects the
increased difficultly to determine copper at the lower level. Laboratories 1,3,7,13,16 and 23 reported low
results and Laboratories 2,7,11 and 28 reported high results. Intralaboratory precision for all laboratories
was good.

Tissues

Twenty-four laboratories reported quantitative results for Mussel P ranging between 5 and 14
mg/kg. Laboratories 3,6,7,12 and 23 reported low results while laboratories 4,5,10,14,19 and 29 reported
high results.

Eighteen laboratories submitted results for SRM 1566a ranging between 47 and 73 mg/kg. The
means of only half of these (1,4,12,14,16,17,18,20,29) were within the confidence interval of the CRM.
The copper concentration of this sample is an order of magnitude higher than of Mussel P but the
confidence interval of the CRM is quite tight (= 6 percent). All resulis outside the confidence interval were
low. With the exception of laboratory 19 for SRM 1566a, precision was good for both biological tissucs.
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Sediments

Twenty-four participants reported results for zinc in Sedimeat N ranging from 3 to 452 mg/kg.
The means of only two laboratories (11,19) were rejected [rom the + 17 percent calculated confidence
interval. However, the concentration of zinc in this sediment is quite high.

Twenty-three laboratories submitted results for zinc in BCSS-1 ranging between 1 and 422 mglkg.
Fourteen of the means were outside the * 10 percent certified confidence interval which represents about
10 percent of the concentration. Again, the tendency is towards low values for thirteen of the fourteen
rejected sets. Laboratories 4,12,14,17,21,24,25,28 and 29 had good accuracy and precision for both
sediment samples. Laboratory 2 had precision problems (greater than 10 percent) with both samples.

Tissues

Results for zinc in Mussel P are quite good with only two laboratory means (3,19) ol twenty-two
participants rejected from the = 13 percent calculated confidence interval. If the results for laboratory 19
arc omitted the results ranged between 106 and 180 mg/kg.

Seventeen laboratories reported results for SRM 1566a. Although the zinc concentration is six
{imes that of Mussel P, seven means were outside the + 7 percent certified confidence interval. Six of the
seven (4,6,11,16,23) reported low means. Precision was good for all laboratories for both biological
samples.

Nine laboratories (1,8,10,12,14,17,18,20,21) had good results {or zinc in both samplcs.

Laboratory 19 had severe problems with zinc in both the biological and sediment samples.
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Range: 10 to 32.1 mg/kg

Rejections: 3

BCSS-1

Cerlified value:

11.1 = 1.4 mg/kg

Results: 18
Quantitative values: 18
Range: 4.8 to 18.9 mg/kg

Rejections: 11

Mussel P

Accepted value:

8.56 = 5.0 mg/kg

Results: 20
Quantitative values: 20
Range: 0.99 to 43.2 mg/kg

Rejections: 1
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ARSENIC

ARSENIC/SRM 1566a
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' Iaboratory

Sediments

Ninetcen participants reported arsenic results for Sediment N ranging from 10.8 to 32 mg/kg. Only
Laboratory 18 reported high results while Laboratories 2 and 16 reported low results. However the delined
confidence interval was a moderate * 29 percent. Precision was good for all laboratorics.

Eleven of the cighteen laboratories submitting results for arsenic in BCSS-1 had means oulside
of the + 13 percent certified confidence interval. Ten of these (1,2,3,4,8,10,13,16,21,23) were lower than
the lower confidence limit and only Laboratory 9 produced high results. The concentration of arsenic in
BCSS-1 is one half that of Sediment N. A trend between results for the two samples can be discerned.
Almost all the laboratories that report means near the lower confidence limit for Sediment N are rejected
for BCSS-1. Laboratory 9 is an anomaly, reporting good results for Sediment N but high values for BCSS-
1 (arithmetic?). Precision for all laboratories was again good.

Only six laborataries (12,14,17,19,20,27) produced means within both confidence intervals.
Tissues

Nineteen participants reported results for Mussel P ranging between 0.99 and 43.2 mg/kg. Only
one mean (4) was rejected but the calculated confidence interval is a very large * 59 percent.

Sixteen laboratories reported results for SRM 1566a ranging between 0.86 and 43.2 mg/kg. SRM
1566a has an arsenic concentration similar to that of Mussel P with a certified confidence interval of *
9 percent. Only eight (6,10,12,14,17,18,20,29) had means within the confidence interval. All others were
low. Laboratories 10,12,14,17,18 and 20 also did well with respect to the CRM BCSS-1.

Precision was good for both samples with the exccphou ol Laboratory 19 for SRM 15664 and
Laboratary 4 for both biological samples.
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Sediment N

Accepted Value:
1.54 + 0.70 mg/kg

Results: 17
Quantitative values: 15
Range: 0.33 to 2.5 mg/kg

Rejections: 5

BCSS-1

Certified value:

(.43 + 0.06 mg/kg

Results: 15
Quantitative values: 8
Range: 0.22 to 3.0 mgfkg

Rejections: 4

Mussel P

Accepted value:

2.86 * 1.20 mg/kg

Results: 19
Quantitative values: 18
Range: 1.21 to 16.4 mg/kg

Rejections: 2
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SELENIUM

SEIENIUM/SRM 1566a
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‘ﬁ‘ r e W M.
Results: 15 20w - - W 5
w ™ L *
Quantitative values: 14 ] &" a
Range: 1.1 to 20.2 mg/kg <10‘0
Rejections: 3 ) 00 b e o —
: 9 8 10 14 17 £9 21

Laboratory

Sediments

Fourteen participants reported quantitative results for selenium in Sediment N ranging between
0.33 and 2.5 mg/kg. Nine laboratories (10,12,14,15,17,19,20,21,27) had means within the large = 45
percent calculated confidence interval. Five of the means (1,3,4,8,13) were ouiside and all were low.

Only eight laboratories reported quantitative results for selenium in BCSS-1. Of these, only four
means (12,14,17,19) were within the * 14 percent certified confidence interval of the CRM. Three of the
remaining {our were high. Seven laboratories reported “less than" values, some of which were rather
puzzling. Two laboratories {1,8) reported “less than" values at one-hall the certified concentration.
Laboratory 16 reported a “less than" value approximaltely 200 times the certified concentration.

Tissues

Seventeen participants reported quantitative values for selenium in Mussel P. Only two ol the
means (4,17) were outside the large * 42 percent calculated confidence interval and both werc high.

However, ecleven (1,6,10,12,14,17,18,19,20,21,29) of the fourleen laboratorics submitting
quanlitative results for selenium in SRM 1566a were within the small * 11 percent certified confidence
interval. All eleven also had good results for Mussel P. It appears easier o get good values for sclenium
in a tissue sample than in a sediment.

Laboratory 16 obviously has a sensitivity (or arithmetic) problem. The reason is not cvident.
Laboratories 4 and 10 have precision problems.

In the past, many laboratorics have demonstrated difficulties with the delermination of sclenium
in marine samples. The above results are encouraging.
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SILVER

The determination of silver was not required
in the sediment samples




Mussel P

Accepted Value:
0.587 + 0.257 mg/kg

Results: 18
Quantitative values: 17
Range: 0.35 1o 2.95 mg/kg

Rejections: 2

SRM 1566a

Certified value:

1.68 * 0.15 mg/kg

Results: 14
Quantitative values: 14
Range: 0.40 10 3.1 mg/kg

Rejections: 6

Tissues

SILVER
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SILVER/Mussel P
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Filteen participants reporied quantitative results {or silver in Mussel P ranging between 0.35 10
2.95 mg/kg. Only two of the means (4,10) were rejected, but the calculated confidence interval was a quite

large * 44 percent.

However, only cight (7,12,14,17,19,20,21,29) of fouricen laboratories submitting results for silver
in SRM 1566a produced means within the certified confidence interval of * 9 percent. The eight

laboratories reported good resulls for both samples.

Intralaboratory precision was good f{or both samples with the exception of Laboratory 4.
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Sediment N

Accepted Value:
2.03 = 0.58 mg/kg

Results: 25
Quantitative values: 25
Range: 0.30 to 3.6 mg/kg

Rejections: 4

BCSS-1

Cerlified value:
0.25 + 0.04 mg/kg

Results: 22
Quantitative values: 18
Range: 0.14 1o 1.41 mg/fkg

Rejections: 8

Mussel P

Accepled value:

3.96 = 1.14 mg/kg

Results: 25
Quantitative values: 25
Range: 0.39 to 5.01 mg/kg

Rejections: 1

mg/kg
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CADMIUM

CADMIUM /SRM 1566a
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Laboratory

Sediments

Twenty-three participants reported results for cadmium in Sediment N. Four of the means were
outside the calculated confidence interval of + 29 percent. Three of the four were high. Laboratory 10
reported results with a precision greater than 15 percent.

The certified concentration of cadmium in BCSS-1 is an order of magnitude lower than Sediment
N. Eighteen of twenty-two laboratories submilting results reported quantitative values ranging between
0.14 to 1.4 mg/kg. Ten laboratories (1,12,14,16,17,18,19,21,25,27) had means within the confidence
interval of + 16 percent. For most analytes in this exercise rejected means are usually Jower than the
confidence limit. However, for cadmium there are an equal number of rejected means above and below
the confidence interval. Laboratories 2,4,13 and 20 reported high results for BCSS-1 and Laboratories
1,7,8 and 28 reported low results. Precision was good for all laboratories with the exceptions of Laboratory
10 for Sediment N and Laboratory 13 for BCSS-1.

Tissues

Twenty-three and twenty-four participants reported resulls for Mussel P and SRM 15663,
respectively. The cadmium concentration of both samples is similar. Only one of the twenty-three was
outside the calculated confidence interval for Mussel P of + 29 percent, which was the same as for
Sediment N.

However, due 10 a smaller conlidence interval of the CRM (+ 9 percent) there were seven
rejections for SRM 1566a, six of which were due to low means. Twelve laboratories
(4,6,7,11,12,14,17,18,20,21,22,29) did well for both tissue samples. Laboratory 19 repor(s low resulls for
both tissue samples. Precision was good for both samples with the exceptions of laboratory 22 (Mussel
P) and laboratory 17 (SRM1566a).

In general, the best performance in this exercise appears to be {or cadmium.




26

Sediment N

Accepted Value:
68.7 + 11.2 mg/Kg

Results: 15
Quantitative values: 15
Range: 4.52 to 283 mg/Kg

Rejections: 4

BCSS-1

Certified value:

1.85 + 0.20 mg/Kg

Results: 14
Quantitative values: 12
Range: 0.48 to 11.7 mg/Kg

Rejections: 10

Mussel P

Accepted value:

0.192 * 0.072 mg/Kg

Results: 11
Quantitative values: 6
Range: 0.142 to 1.5 mg/Kg

Rejections: 3
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TIN
TIN/SRM 1566a
6.0
SRM 1566a
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Laboratory

Sediments

Nine (3,8,10,12,14,17,18,20,23) of thirteen participants reported means for tin in Sediment N
within the calculated confidence interval of + 29 percent. Four laboratories (2,9,19,21) had means outside
The latter three were low. Precision was good except for Laboratory 14.

Only two (14,17) of twelve laboratories reporting quantitative resuits for tin in BCSS-1 had means
within the + 11 percent confidence interval for this CRM. The tin concentration is approximately a f{ifth
of that in Sediment N. Laboratories 2,8,12,20 and 23 reported high means and 3,9,19 and 21 low results.
Six laboratories (3,8,18,19,21,23) reported results with a precision worse than 15 percent.

Tissues

The concentration of tin in Mussel P is quite low at 0.2 mg/kg and only six sets of quantitative
results submitted by participants. Of these, only three (12,17,20) had means within the calculated
confidence interval of % 38 percent, a wide interval. The rejected laboratories (19,21,23) were all high,
with poor precision reported by Laboratories 19 and 21. Five laboratories (3,6,8,10,14) reported "less than®
values.

SRM 15662 is not certified for lin by NIST, supposedly due to helerogeneity of the sample with
respect 1o this metal. The sample has a tin concentration an order of magnitude high than that of Mussel
P. The confidence interval (+ 12 percent) of the calculated mean included only means {rom two
laboratorics (12,20). Laboratory 17 is a factor of 10 low (arithmetic?).

The reliable analysis of marine samples, especially biological tissues, for tin is apparently possible
by only a small number of experienced laboratories.
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ANTIMONY

ANTIMONY /Sediment N
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Sediments

Antimony was an optional analyte. A mean and confidence interval were not calculted {rom the
six available sets of results. The interval would have been greater than * 75 percent with a mean around
1.1 mg/kg. Laboratories 15,17,20 and 23 would have been included. Laboratory 28 submitted high results

with poor precision.

Only four laboratories (17,20,23,28) submitted results for antimony in BCSS-1. The means of three
of these (17,20,23) were within the + 10 percent certified confidence interval. Laboratory 28 was again

high.




ANTIMONY

The determination of antimony was not required
in the biological tissues
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Sediment N

Accepted Value:
1.34 + 0.47 mg/kg

Results: 23
Quaatitative values: 23
Range: 0.13 to 2.41 mg/kg

Rejections: 4

BCSS-1

Accepted value:

0.174 = 0.081 mg/kg

Results: 20
Quantitative values: 19
Range: 0.05 to 0.26 mg/kg

Rejections: 2
Mussel P

Accepted value:

0.159 = 0.065 mg/kg

Results: 23
Quauntitative values: 22
Range: 0.10 to 1.0-mg/kg

Rejections: 2
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MERCURY

MERCURY/SRM 15662
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Sediments

Twenty-two participants reported results for mercury in Sediment N ranging between 0.13 and
2.41 mg/kg. Eighteen participants (1,3,4,7,8,9,10,12,13,14,15,16,20,21,22,24,27,29) reported means within
the calculated confidence interval of = 35 percent. Two laboratories (17,23) were high and two (19,28)
were low. Intralaboratory precision was not as good as for most other elements in this study as laboratorics
3,8,17,22,28 and 29 reported results with a precision worse than 15 percent.

Seventeen of nineteen laboratories had means within the calculated confidence interval of = 47
percent for BCSS-1. BCSS-1 is no longer certified for mercury and the accepted concentration was
calculated in the same manner as for Sediment N. The large confidence interval is not surprising
considering the fact that the mercury concentration in BCSS-1 is almost an order of magnitude less than
that in Sediment N. There were two rejections (1,28).

Tissues

Twenty-three laboratories also reported results for mercury in Mussel P. The confidence interval
was * 41 percent and only two laboratories (3,10) were rejected.

Sixteen laboratories reported quantitative results for SRM 1566a ranging between 0.03 and 0.17
mg/ke. The confidence interval for the CRM is small (# 10 percent) and scven means were outliers.
Laboratories 3,22 and 29 reporied high results and Laboratorics 6,16,19 and 21 were low. Intralaboratory
precision was good {or both tissue samples with only Laboratories 19 and 22 reporting a precision worse

than 20 percent for SRM 1566a.

Nine laboratories (1,4,7,8,12,14,17,18,20) . had mcans within the confidence intervals for both
biological tissues.
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THALLIUM

THALLIUM /Sediment N
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Sediments
Thallium was an optional element for this exercise.

Since only two participants reported quantitative values for thallium in sediment N a mean
value was not calculated. Laboratory 26 reported a “less than" value 30 times the NRC values.
BCSS-1 is not certified for TI and no evaluation was performed for this sample due to

the poor response.




THALLIUM

The determination of thallium was not required
. in the biological tissues
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Sediment N

Accepted Value:
211 * 46 mg/kg

Results: 25
Quantitative values: 25
Range: 18 to 272 mg/kg

Rejections: 1

BCSS-1

Certified value:
227 = 3.4 mg/kg

Results: 22
Quantitative values: 22
Range: 15 to 38.7 mg/kg

Rejections: 8

Mussel P

Accepted valuc:

1.75 = 0.67 mg/kg

Results: 24
Quantitative values: 22
Range: 0.97 to 6.5 mg/ky

Rejections: 2
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LEAD
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Sediments

Twenty-three participants reported resulis for lead in Sediment N ranging between 18 and 272
mg/kg. The results for lead in this sample are very good with only one laboratory (19) outside the
calculated * 22 percent confidence interval. The precision is also quite good with only three laboratories
(1,11,27) reporting a standard deviation worse than 10 percent.

BCSS-1 has a ten-fold lower concentration and a confidence interval of 15 percent. The results
are more scattered, but fourteen means (1,2,3,10,12,14,17,19,20,21,24,25,27,29) of twenty-two were within
that range. Laboratories 4,8,9 and 11 reported high results and laboratories 7,13,16 and 19 reported low
results. The precision [or all laboratories is good {or BCSS-1.

Tissues

Twenty participants reported quantitative results for lead in Mussel P with only two laboratorics
(4,10) higher than the calculated large * 54 percent confidence interval. Laboratory 19 reported a "less
than" value ten times lower than the accepted concentration. Laboratories 1,4,8,10 and 16 reported resulls
with a precision greater than 15 percent.

The certified confidence interval for lead in SRM 1566a is very small (= 4 percent) and no
laboratory had all its values within the interval. Five laboratories (3,12,17,18,21) had means within the
confidence interval, Laboratories 4 and 19 reported very high results and Laboratory 11 reported a “less
than" value at ten times the certified concentration. Laboratories 1,6,16,20,22,26 and 28 reported means
slightly low, while laboratory 14 was slightly high. Laboratories 4,16,21 and 29 reported results with a
precision greater than 20 percent.
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3. DISCUSSION

The intent of this exercise was to assess the capability of participating laboratories to
determine selected trace metals in marine biological tissue and sediment samples. This is best
measured through an evaluation of their accuracy and precision. Of the four samples, one sample
of each type was a certified reference material (CRM). For these, (except for mercury in BCSS-.
1 and fin in SRM 1566a) accurate means and confidence intervals are known. This, however,
is an inherent difficulty with using CRMs in intercomparison studies. The answers are known
to the participants and there is often a inclination to tend towards "the right answer". But the
combination of CRMs and unknowns are a powerful tool in discerning competence provided
there is a built in mechanism for obtaining reliable values for the concentrations of the analytes

in the unknowns.

For each of the two unknown samples an excluded mean and confidence interval for each
analyte were calculated from the submitted data, using the method outlined in the Introduction.
An implication of this approach is that the accuracy evaluation of a laboratory’s performance for
a particular analyte in a particular matrix is relative to the performances of all accepted
laboratories. And, we get an indication of the type of reproducibility we may expect if the
accepted group were to analyze similar materials. In almost all cases the calculated mean was
not much different from the NRC means. The only exception was for aluminum in Mussel P.

If, for whatever reasons, we assume that NRC is competent, there appears also to always
be a group of participating laboratories that are equally competent for various anatytes in the two
matrices and an accurate mean can be established along with an appropriate confidence interval
with 95 percent confidence. The mean and confidence interval will be somewhat degraded by
other results but there is no definitive way of separating the wheat from the chaff.

Table I

Criteria for Intralaboratory Precision Evaluation

Analyte Expected
Concentration RSD
>10 mg/kg + 10 percent*

>1 and <10 mg/kg + 15 percent

<1 mg/kg + 20 percent

* - 4+ 5 percent for aluminum and iron in sediments
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The use of the CRMs is a great aid in this respect because their confidence intervals are
generally much narrower than those defined for the unknowns. Laboratories which produce
results within the confidence intervals of both the CRM and the unknown are obvious
demonstrators of reliability.

A system to evaluate laboratory performance for individual elements in sediments and
biological tissues was established using the following criteria:

E - Excellent accuracy: all replicate values are within the established
confidence interval,

G - Good accuracy: the mean of the replicates is within the established
confidence interval but one or more replicates is outside.

L - Low results: the mean of the replicates is less than the lower confidence
limit.

H - High results: the mean of the replicates is greater than the upper

confidence limit.

- Accuracy can not be established.

Good precision: the intralaboratory precision is within the criteria for

precision listed in Table L

X - Poor precision: the intralaboratory precision is not within the criteria for
precision listed in Table I.

- - No results or a “less than" value submitted.

Q@

Results for antimony and thallium were not included in this performance evaluation nor
were those for aluminum in Mussel P. The results from Laboratory 26 which submitted only
duplicate vales for the analyses have not been evaluated here.

Detailed charts of this assessment are tabulated in Appendix C.

The overall assessment based on the above criteria allowed four distinct categories of
performance to be discernible. These are shown in Tables II and III. In general, Superior
laboratories submitted results for most elements within the 95% confidence intervals. Good
laboratories submitted many results within the accepted range with a minimum number of
outliers. Fair laboratories had some problems with certain elements or did not report results for
a number of elements. Laboratories with a high proportion of outliers or “less thans" were
categorized as having Many Problems.

The four laboratories rated “superior” and one of those rated "good" in the Accuracy
column in Table II are the five veterans which have analyzed sediments in all five NOAA
exercises in this series. Two more "goods" and two of the "fairs" joined the studies last year.

Two of the three laboratories rated "superior" and three of those rated "good" in the
Accuracy column in Table III are the five veterans which have analyzed biological tissues in five
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NOAA exercises in this series. (The five mentioned with respect to Table IT and the five here
are not all the same laboratories.) The other “superior™ in Table III joined the study last year.

Table II

Accuracy and Precision Evaluation for Sediment Analysis*

Accuracy Precision II
Superior 12,14,17,20 9,12,15,16,20,22,24,25
Good 4,15,18,21,24,25,27,29 4,13,14,23,27,29
Fair 1,2,3,10,11,16,22,23,28 1,3,7,11,17,18,19,21
Many Problems | 7,8,9,13,19 2,8,10,28

* _ T _aboratories 5 and 6 did not submit results for the sediments.

Table II

Accuracy and Precision Evaluation for Biological Tissue*

Accuracy Precision
Superior 12,18,20 5,6,11,12,13,14,15,20,27
Good 5,13,14,15,17,27,29 1,3,7,18,29
Fair 1,6,7,8,10,11,21 16,17,19,21,22,23
Many Problems 3,4,16,19,22,23 4,8,10

* _ Laboratories 2,9,24,25 and 28 did not submit results for the tissues.

Ten of the twelve laboratories which were rated “superior” or "good" accuracy for
sediments (Table II) also analyzed the tissues. Eight of these ten were also rated " superior” or
"g00d" of the ten laboratories so rated for tissues (Table IIT). In general, a laboratory with
capabilities for one matrix will probably do well for another.

It can be seen from both Tables II and III that it is obviously easier to get superior or
good precision than superior or good accuracy. While it is apparent that it is necessary to have
acceptable precision in order to have good accuracy the converse does not hold. Good precision

is attainable without respect to accuracy.
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Nine of the twelve laboratories which were rated "superior” or "good" accuracy for
sediments also were rated “superior" or "good" for precision (Table II). Also, nine of the ten
laboratories which were rated “superior” or "good" accuracy for tissues were rated “"superior™
or "good" for precision (Table IIT). An accurate Jaboratory is usually a precise laboratory. One
of the major requirements of any study is to define the tolerable uncertainty which can be

associated with an analysis.

There is an apparent correlation between performance and previous experience in this
type of intercomparison study. A comparison was made of the results of those laboratories which
had participated in one or more of the four former NOAA exercises with those of the new
participants. Means and standard deviations for the two groups were calculated and the results
are tabulated in the tables in Appendix E. Conspicuous outliers were not included in these
calculations in order to mitigate the effects of obvious poor performance. The number of means
used in the calculations is noted in parentheses. The accepted or certified concentration is also
shown. A ¢ test and F test® were used to determine if there was a significant difference between

the mean and standard deviations, respectively.

An examination of Table E-1 for sediments shows that the new participants produced
Jower means than the others in twenty-two of twenty-four instances and worse interlaboratory
precision twenty-three of these times. Their means for the analyses of the CRM are more biased
in eight out of eleven cases. This can probably be explained by poorer dissolution procedures
used by many of the new participants (Appendix D). It is essential to incorporate hydrofluoric
acid into the dissolution procedure.

Table E-2 for tissues shows that the new participants produced lower means than the
others in twenty of twenty-two instances and worse interlaboratory precision fifteen of these
times. Their means for the analyses of the CRM are more biased in ten out of twelve cases. The
reason for the tendency towards lower values for the metals in the tissues is not apparent. An
examination of the procedures listed in Appendix D led to no conclusions in this respect.

The final table in Appendix E (E-3) contains the summary of the statistical comparison
of the means and intralaboratory precision between the two groups at the 95 percent confidence
level. While comparisons at this confidence level do not yield as many differences as stated in
the above two paragraphs the distinct tendencies must be taken into account.

It should be remembered that, according to plan, the two unknowns used in this study
were moderately contaminated materials which are presumably easier to analyze than samples
coming from uncontaminated areas. It would be a mistake to attempt to extrapolate to lower
concentration levels without some further indication of abilities. The two CRMs, in most cases,
had lower concentrations of analytes and are obviously relatively uncontaminated samples. The
ability to analyze the CRMs with competence must be taken into account in this study. There
were a large number of disappointing instances where poor performances were noted with the
CRMs (e.g., aluminum, chromium, iron, zinc, arsenic and tin in BCSS-1; aluminum, chromium,
iron, copper, arsenic, mercury and lead in SRM 1566a).
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APPENDIX A

Data was received from the following laboratories:

Alabama Department of Environmental

Management

2204 Perimeter Road
Mobile, AL 36615
Dr. D.1. Wigger

Australian Nuclear Science and Technology

Organization :
Environmental Chemistry
Private Mail Bag 1

Menai, N.S.W. 2234 Australia
Dr. David Waite

Australian Government Analytical

Laboratories

PO Box 385

Pymble, N.S.W. 2073 Australia
Mr. John Dalins

Battelle Pacific Northwest
439 W. Sequim Bay Road
Sequim, WA 98382

Dr. E. Crecelius

Battelle Ocean Science
397 Washington St.
Duxbury, MA 02332
Dr. D. Shea

California Department of Fish and Game
2201 Garden Road

Monteray, CA 93940

Dr. M. Stephenson

Cat Cove Lab. - Marine Fisheries
Commonwealth of Massachusetts
92 Fort Ave.

Salem, MA 01970

Dr. Jack Schwartz

Central Regional Lab.
EPA

839 Bestgate Rd.
Annapolis, MD 21401
Mr. Rich Dreisch

Department of Oceanography
Texas A. & M.

College Station, TX 77843
Dr. R.J. Taylor

Environmental Resources Management
METRO-Dade County

211 West Flagler St.

Miami, FL 33130

Mrs. Jana Bares

EPA

College Station Rd.
Athens, GA 30613
Mr. William McDaniel

Florida Dept. Environmental Regulation
Chemistry Section

2600 Blair Stone Rd.

Tallahassee, FL 32399-2400

Dr. Bill Coppenger

Goverment Chemical Laboratories

PO Box 594

Archerfield, Queensland 4108 Australia
Dr. Des Connell
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Laboratory for Inorganic and Nuclear
Chemistry

Ctr. for Laboratories and Research

Empire State Plaza

Albany, NY 12201

Dr. Edmond Canelli

New York State Dept. of Environment
Conservation

Hale Creek Field Station

7235 Steele Ave. Extension

Gloversville, NY 12078

Mr. Samuel Jackling

NOAA/NMEFS

212 Rogers Ave.
Milford, CT 06460

Mr. George Sennefelder

Northeast Fisheries Center
Sandy Hook Laboratory
Highlands, NJ 07732

Dr. V.S. Zdanowicz

Northwest Fisheries Science Center
2725 Montlake Blvd. East

Seattle, WA 98112-2097

Dr. R.C. Clark, Jr.

Patuxent Wildlife Research Ctr.
Stickel Laboratory. Rm A-6
Laurel, MD 20708

Dr. John Moore

Queensland Department of Primary
Industries

Agricultural Chemistry Branch

Meiers Road

Indooroopilly, Queensland 4068 Australia
Mr. George Rayment

School of Pharmacy
Faser Hall

University of Mississippi
University, MS 38677
Dr. James O’Neal

Southeast Fisheries Center
Beaufort Laboratory
Beaufort, NC 28516

Dr. P. Hanson

State of Florida
Department of HRS
1217 Pearl St.
Jacksenville, FL 32202
Ms. Tammie Stouter

Technical Service Division
State of Louisiana

8618 GSRI Road

Baton Rouge, LA 70810
Ms. Elaine Sorbet

U. Massachusetts at Boston
Environmental Science Program
Harbor Campus

Boston, MA 02125

Dr. Gordon Wallace

USEPA

Environmental Monitoring Systems
Laboratory

26 W. Martin Luther King Dr.

Cincinnati, OH 45268

Dr. R.F. Thomas

USEPA

Environmental Research Laboratory
South Ferry Road

Narragansett, RI 02882

Dr. W.S. Boothman




USGS

6481-B Peachtree Blvd.
Doraville, GA 30360
Dr. Arthur Horowitz

Water Pollution Control- 3rd Floor Lab
515 West 6th St.

Jacksonville, FL 32206

Mr. Roger Baskin

Data was not received from the following laboratories:

The Academy of Natural Sciences

Benedict Estuarine Research Laboratory

Benedict, MD 20612
Dr. Gerhardt Riedel

Division of Laboratories
Office of Public Health
325 Loyola Ave.

New Orleans, LA 70112
Mr. Louis Wales

EHNR/DEM
Laboratory Section
4405 Reedy Creek Rd.
Raleigh, NC 27607
Mr. William Edwards

Frankfurt Office Park

Division of Environmental Services
18 Reilly Rd.

Frankfurt, KY 40601

Ms. Lee Ruggles

Hatfield Marine Science Center
EPA

2111 SE Marine Science Dr.
Newport, OR 97365-5260 -
Mr. Scott Echols

Maryland Health and Mental Hygiene

201 West Preston St. P.Q, Box 2355
Baltimore, MD 21203
Mr. Al Bober

New York City Department of
Environmental Protection
Water Quality Section

Wards Island, NY 10035

Mr. Tom Brosnan

Texas Parks and Wildlife Dept.
A.E. Wood Fish Hatchery
P.O. Box 947

San Marcos, TX 78667

Mr. Ted Groun

UCLA

Institute for Geophysics and Planetary
Physics

Westwood Plaza Dr.

Los Angeles, CA 90024

Dr. 1. Kaplan

University of California - Santa Cruz
Institute of Marine Science

Santa Cruz, CA 95064

Dr. Russell Flegal

University of Connecticutt
Dept. of Chemistry

215 Glenbrook Rd.

Storrs, CT 06269-3060
Dr. James Stuart







Appendix B

DATA

B-1




K0
S0

Loro

s0'0

£900°0
£5°0
|4

¥61°0
60°0
0Z'0

PTC
LL6P0'0
80°0

6520
650°0
61’0
L0

2q - 'ms

WS« S16S  BLTS ¥I5s SL9S

(38Y

PAviAL)

809
L'y

19 (AY 19 19

o919 609 ¥ 5879

109 ¥0°9 B0 9
L 69 69 ¥o

0T¥0°0s  TBFO'0  TBEO'D  SPEO'C  B9EQ'O

¥8'%
£T9

[AAY
8 1
e

61T

99 L¥9 [T ¥5'9
5¥'9 st 0e9 €65

L9 68's LAY 1€°9
091 91 81 £S'T
¥9°'9 579 €19 §T9

£0'1 wi 11 6I'L

POLBS T 6TOTH'T OPSFY'T  96PIS'T  LT9BS'T

¥is

098°S

o'l 8Tl 6’1 S¥'1

018’ 0019 0F0'9 098's

9rTs  OPST 0BET U wrt
$65°5s  £9 e 19°¢ §€

T'Es
uEap

e 8Ty (41> 344

% IY'0 -/+ 929  1-S80d
IWONINNTY

6L1°9
9

80e9

S19
L9
€LY0'0
68'L
119

¥e
11
19

Lri

LLTLS'T

W1

064'S
0SH'T
S6T°¢
65°C

62
8T

HRJIQAESN

39953393933353533353333335333

0z
61
81
Ll
91
51
¥l
el

[ 2 = |
Ll B o Bl T =i

(A Ers

900 0e's
A SOU'S
€00 §6'S
L0 986'¢
£0'e w's
10 Y
98000 L100°0s
LT'o 959
10 5y
0 14
g1'o ar's
61'0 T¢Ts
¥0°0 Ly's

LS00 ¥08'04
EETE00  TEO00'T«

040’0 TEG'0+
SLTO 8E0°S
SE00 T96°0.
oL 8% 4
%80 9T

we( "PIS  UBIN

% 0E°1 -

14%] gTe
€T 9%es
A A vy
£6'S £6'S
Iy VEGE
s - E0s
&'y 9'¢
691070 991070
559 099
99’5 s
€S ¥
186 Le's
€0y L1
€S 1Y
0b8'0  BOLO
FI0ZO'T  TLB6S0
6b6'0 w60
0ETs 056
010’1 ES60
e 6Er
91 vee
I+ LTS

148 s
sT'S §E's
s I1e6¥
$6'S L6's
SET
608'E 896
€0'S L6y
95 95
LLTO0  SET0°0
1€9 159
Ls $§'s
TS 9%
667 667
£5' BI'T
&S 4
280 T580
97ES0'T  ETSB6D
6L60 €880
[7A NS 4 4
¥86'0 8160
sg'b oLy
85’1l 12T
N JUIUIIPaS

IWONINAOTY

ors
es

sL0'S
66°S
81’1
Loty

¥o'e
8's
¥o600°0
€89
co's

(49

s
STt
S

96L0
EPL60
1680

08L'¥
L¥6'0
90y
€9t

1€
oc
6T
8T

HA3IQER

1329393538339335339395395333333%3

12

61
81
L

—~ NN
— T

01

Rl BESE B T B = B = B}




L 00T (1,174 00z 06T 1,174
01 0l 1T F A4 £7e Tor
6°S t'lbe gZ6 0L01 096 876
6 00T, S6 6 16 1141
98’0 SPE'Ye v6'¥ o'y 19'¢ o't
T'8T L'VCTa E6r1 Pzl £'501 6071
£l 061 Loz 102 BLT 181
6L O'Lhs g8'9¢ $LID g'1v g6k
£ T'18s 56 g'¢s 008 106
1 BT» 82 8T T 6T
EST'I Z50°Ce 08EE 959 SISy et
6'C 005 e 08y TIe 'Ly
[ P01 911 86 76 1
aqA'Ms  uep
BNBW S'TT -/+ §'T07  B99ST INUS
WWNNINNTY

012

gy
6'86
0Tl
¥5¢

L'e9d

181
56t
¥rs
&3

001’7
¥er

801

62

N83498588

$335333335553535333333553335%3

it

N0 00O

€E 056
€7 018
Z1 yeb
A E56T
9% I8¢
T4 ors
1570 (A4 4
LY £Le9
0z Lee
e 089
Tl 61
61 882

6 0zl
¥ 0E?
6E90 wre
6 TIe
14 -4
A3 PIS U

68 9L6 £56
018 058 OLL
9%y 6y 8Ip
£'S6T L'161 €761
pEP £6E 0LE
£Fs 805 1€86
08'¥ 19t $6¢
SYES Sl LE
L0E WE  OEE
8L9 6L9 $99
$0z (4:1 S TA
¥61 80E 162
z€t 1w osu
0y ovr  OIF
095E 0667  0SP'T
607 £ 81z
Ty € W
3)/3u ‘g jassny

WANITAN'TY

b6
0z8

144
(45
0181
9te
8¢

POy
6'899

Sbe
el

00T
65T
1Zr
o6¥
XA
802

34

ggé
0z8

LZy
(A%
1912
£LE
o8

19
8689

Ive
6¥9

961
182
601
08t
080°C
102

444

e
1}
6T

3388 Y

2233372332392323333333233 333339

[ ot T T =T - = I ]
B R B T R R R R = |

YOO —
-




B4

SILICON

BCSS-1

SILICON

30.8 +/-1.0%

25.9 +/-4.1%

Sediment N

Mean Std.De

Mean Std. Dev.

- —
I~
v oy
ol 13
&
~ o
- &
@
o o
pud E
£
" P
a
&
B -
o «
@
) <
- A
@

=3
ﬁﬁﬁﬁﬁﬁ —

2229993993392333292323

o -
I
3 8
2 9
g 3
g 3
2=

e B B B B B

313 29.9 314 30.5 30.6 0.7

300

Q8388 &A

33333553

0.5

262 26.3 272 26,6 26.7

211

0.2

26.5 26.4 26.2

26,2

o
]

«
8

$999333333333333353333333333333




B-5

paxmbay joN anssiy esiBojorg uy wooIg




B-6

87 998 065 - SES 09 6'¥s @.mw. £ gv]

91 0'9¢ 0°¢S 4% TLs ¥'ys ALY g gv]
g 91 1528 oyl 0ET (A [t 6z 9v1 L 99 ] 99 <9 LS 59 9L - 67 dvl
LLTl T6'8be TYTY £CL9 9618 90°0¢ 8L'TE 82 dV'1 Lol LEEE g6t P12 1L°0b Lse 16'6€ 87 9Vl
9 10T L6 101 96 011 101 L7 gVl 1 8¢ Ls 8% 85 LS 65 T gv1
1671 ¥re 97 8V 1'ie 7'9¢ 9z 9V
91 ¥L811 6TLIT T1'8TT  &9°611. B0TZ1 6LLTT ST 9V w1 0TpL LySL CeeL 0L'ZL 65'vL LTl LY AN\ |
¥ kAl 671 171 811 171 Tl ¢ 9Vl i3 p'89 0'ZL 9'ZL £'89 [ 4] y'¥o ¥z d9vl
L'E 9'P6a L6 206 £06 9% 6L6 £ gVl 'l L9s 9'cs o gee 6'8S LS £ V1
T 9v'l T gV
£T L'98 678 L8 68 £'L8 6'98 12 gVl T TS 9'gs %S LS gze L'PS 12 dv'1
.w ol 9Z1 9ET1 [4£A" 921 611 0T vl 8 9c FAY) 9s 1% 15 <9 0z gv1
181 P1'6Es 16'LE wle V41 ZI6E LE'TY 61 9V 15E'0 LIE Vs SLoy ISP 6LLY (% A4 SE6'Y 61 gVl
1) 0'v6e 18 66 £16 6'16 L6001 21 9v1 T g'LS [IFAY 68 L'9S 1'LS 8'8% 81 HV'I
6 6’811 8CET 701 oSzl [ BYAS £'STE L1 g9Vl [yAR:] 6'bL 78 6'0L ¥Le 6L TrL Lt €Y1
v LEe LE LE 0f A4 1t 91 gV 1 T | f4 0t Pt A 91 HV1l
ST Hv'1 £ 65 £9 8s LS 8¢ LS ST dvl
vT gV] Pl HV']
0z T'0%« (1A T'LE Op ¥y 7’68 ¢l gvl ST o £ 98T ¥ic [ goE e0T £l 4vl
£ A 671 ¥zl fyAS 121 fral 1 gvl €1 0L 789 60 369 Tl T1L 71 9v1
11 9V 11 dv1
17 L9%e jA A 6'9¢ T'le T'iE 16t 01 gv] o1 B9 £9% 5T L'LT LT 0LT 0l gV
L¥Fo LE'GEs SL6E SL6E 9L'6E 18°0F 6L'6% 6 9Vl 650 OE'9Cs 98'ST £6'9Z LB'ST LB'ST L697 6 gv1
L'y 199 . &9 999 69 765 g8 gVl ¢l 0'0bs (AR 6L o1y gLE 9'6¢ 8 9V
0t 6'1hs g0y [ A £er &'1Y ¥ivy L gVl e CEC 0 $0g $'0g I'LE [ YA L gv
9 gvl ) g gv
g gvl - S gavi
'y S107a FOT 901 LoT L'Lé 276 P9V 1 8'L9 9'89 Y69 T8e Bo9 099 Fooavi
6'0 S'0be 9 0'6E (934 Loy 0P £ dgv1 T FA 66T 082 98 AN PLT £ a8V
9 FAR LoT 801 11t 111 1Z1 T gV kA 99 b9 co 89 L9 L9 7 gV
¥'e S Gk Ly 005 S'6y 58 %9 oLy T 9v] e L'PEs 6'LE 0’9t 9'CE Sve L6t T gv]
UD .Em cmuE .>0Q .Em cauz
SBW Y -/+ €71 1-SSO4 BBW L°ST [+ T°€9 N JuWIpag
WNINOIHD WNINOYHD




00 £l 'l £l [ [}
Al £9°0 150 gE0 ow0T £9°0
£e0 P8'0¢ 50 6I'T 050 AR
680°0 91 9'7 <1 i 1
00 £€8°T 6181 0181 79¢°1 LYA
CEQ'0 g1 £E'T 871 STl el
BEO'0 86C°T SE'l ¢H1 CE'T Lyl
0l> 01> 01> ol>
090°0 6P'T 1 SPFT W1 51
SLO> 00T 660 86'0
£e 9T s 147 T 86
-0 T'Ts LA ¢l 9T YT
£T°0 P6'0s 0L'o 0T 68°0 0’1
10 91 81 1 ¢l 91
820 I¥'Ze ES'T 8T 122 SI'T
9LT'D OFL0s 18570 L0 _T60 RAN]
oo 6904 90 190 EL0 9.0
2 .Em :muz
BBWOP') ~/+ €T BI9ST INUS
WNINOYH)D

050

68°0
i
6pS'1
£E'l
el
§T

SF1
SU0>

L't
't
51
€EET
SE6'0

SL'0

6T

833881

?EEEEE?%E?EEEEEEE?EE%EEEEEEEE

E B B R R e e

™I T VA -0 D e
-

0zT'0 95T
81'0 0Ze
£0 T
1o 9T
66070 €Ts
€20 SRl
(Al £t
190°0 197" Ts
90°0 68T
900 . SBEa
L Ll

1 [
€00 9LT
FANY 62T
00 - 08¢
't (A
6’1 (A%
T0 9T
T'0 ¥T
900 S1T
oF'0 0T
110 8F'Ta
8070 SS'Te
AR PIS uesly

BNBw g0 -/+ 78T

S8BT

1T

0e'T

0ee
(A%
0598°1
1%'T
8LE
61

I

18T
9T
89T
§7

re
9T
¥
(A%
w®e
el

591

A
e
9T

61’1

L5'T
e
IS'L
TIee
¥8e
L1

9LT
9E'T
05T
80

§'9
§T
€T
LTz
877
81

¥s'L

(444
Ele
£e

L

60T
Tt
Loyl
ta a4
S6'E
5T

[4

we
127
05T

£7
5T
£T
Lz
W1

L5

SET
LEE
¥T

£E'l

LLE
e
SOF'I
9T
s8¢
Ll

LL'T
61T
05T
Le

d 1Pssny

NNINOYHD

9T
66'T
g1

¥l

§&'1
St
'l
SET
(AT
s

T

YL
(744
05’z
e

9T
92
§T
Lre
(144
991

51

REARIHRIY8ERaAgR

292232932322733322998323333333%.

—t
—

ﬁNNVU’)\D("‘-wC\S




B-8

0 0yT 1] 4 (1] A 0rT V)24
iy 6YE0Ze TSOIT £020T TB'B6T £F 0T
96'8 8T°65C« TE69T 9L'6¥T TE9ST  6°L9T
4 8T ¥z T £z gz
S 16T+ 361 81 $81 061
Z A A 01z 112 yiT Y17
g 022 0zz €12 91T 9T
T LTT 9wt [y#4 ik 1€T
2] 61T £ 31T 60T Yot
L 197 991 051 £91 £91
A 6ET BET £ A LET 9T
o1 L'E8Te T'¥81 T'¥81 181 Ts81
B'61 LU'LLTe - 16T 998T 16T
g 67T 052 8z WL 87z
€ 9Ll 081 1A LLT Lt
£ GET 8t e kA4 €T
9 81 061 081 81 81
3 PIS  uedy

Bwst-/+ 677 1-SSD4

ASANVONVIN

o
Lot

T0'esT
6L
£61

¥1Z

122

65T
W

4 4:14
552

91z
Ll
e
€L

67
87

HR83888

9353335333333 333333335333553%3

ol WD 00O

§

8
81
oL

oSt
9
L

¥

i
9
14
(4

:14Y
TES
9%
(A4 4

¥8°685
us
9Fp

1414
oy

989

bLY
95¥

6¥Te
1954

9T
L9+

s
6TTs
L6t
10E«

‘WIS VeI

95
1223
0T¥
A% 4

86°6LS
sLs
1234

(2% 4
95F

€05

FLY
8hy

9T
(449

EIr
TrLT

[£4%
LET
L6y
1]

3y/3w €0 -/+ S6b

€25 SES (429
Y4 0cs PES
oty (1134 09
oT'Eyr  EFTEF  9TOEF
88¢C
T6'895  ETEGS  ETH9
FLS SLS SLS
144 By L¥F
(494 seb 11434
18¥ LoF 18¥
B80S 1749 €78
a8k iy 95F
5 LSy LS¥
W 682 [ 4
118 87§ 208
9T I'8ET [ A A
9692 8'9LT ¥'652
s 61% 8¥s
87T £eT T
205 T6¥ 86¥
€67 10c 98¢
N JUaWIpag
HSANVONVIA

¥es
¥Z§
Ly
61'8ck

5574
58009
9§
Sty

09%
4%
0zs

oLy
Ssv

W
05

L1¥e
9'952

(443

114
st

1€

55333 $33333335333533333

S333

5333




B-9

paambay] JoN anssi], [ed1do[o1g ul owoqaw:ﬂz




B-10

0800
100

Lr0'o
800
9110

£00
o
T000°0

2200

00
01’0
€0

oroe
TSEV00
€70
61'0

60°0
§0°0
er'o
1241
g ps

BEF'Ts
TS'Ce

9t
e
LL6BT

16T
ye
97000

we

HN'E
A
PS'Ee

A A
OE61P Ta
798'Ce
$5°Ta

we
S¥'Te
06'Ts
L6'Ta
ueapy

% ¥1°0-/+ 8T€E

EEST
05e

gi1e
SE'E
T6¥6T

8T
£t
¥200°0

0e'e

9l'e
%®T
£5°E

06'T
TLISET
¥EST
19T

74
st

S8'7
887

£6E'T B8ET 05€'T
e 5 (43
6lTt wie  9le
(19 e 1ee
6ET8T  GLLLT  $598°T
687 w67 €67
tE ¥e ¥'e
92000 LTO00 SLOO'0
0t e ve'e
Lwe 16T 80°E
e £ [Ax4
123 0s'e 95t
£re 50 (A A
69TFPT  99ESYT  B8SHPY
129°C £l0'e 86T
¥s'T 69T T
re'e yoe A%
LET SFT or'T
98T 18T £l
1Te 88 68T

1-s804d

NOUI

P57
233

EITe
8Tt
1ZL0°E

ve'T
¥e
90000

12737

10e
L4
(A

(AN 4
LEG6ET
TIre
597

60t
ST
£8C
00E

6T

S383R8EGR

33333533333333333353333333335%

e PIE 167
€00 €€ STE
0800  §627. EIET
00 6t 6IE
LY00  ¥E0E  ¥SO'C
oo LT 18T
§ST00  0889T  $799T
00 9% 197
00 0 0E
PO000'0  SZ000'0s E0000
100 €67 ¥6T
10 183 0t
W00 8T §8T
YO0 T 617
900  0ZE 1T
S00  €TT €T
1IST00  SEESEZ. S099ET
LIV0  9LLT ST
W00 64T L¥T
800 80€ ST
PO 8ET W
EI0 06T §8%
500 18T 987
A °PIS  ueEely

% 0¥°0 -/ + L6'T

HN'E FAN e
61t 9E 9'e
097°C 80T°T PLTT
8T'C 6T'E 6Lt
e
st 820t S60'E
66T w0e e
£099°T  6¥OLT  891LT
19T 97 8¢'T
0t e 0t
STO00'0 97000 TO0O')
6T 6T ¥6'C
e 0t it
[ 4 ¥8T 18'C
9T 6T ¥t
e e jrAS
S1e 627 st
9806E°T BETLET L9T0YT
LLB'T €16 LS9'T
(34 1 8P'T
60' ¥i'e e
8CT Wz T
98T 87 ET'E
6L'T 18T Pz
N JUaUIfpag
NOYI

St
YA

wre
we
9T
896'C
¥6'T
§S69°T

¥oT
670
920000

£6T

vt

€8T
1 XA
ore

T
91¥9eT
659'C
T

96'C
£
£87
¥8°C




B-11

£l

14!

6E'0
L9

¥

681

6

6"

e

£l
aJ'ms

£8Ce

08be
675
L9
58S
8cs

ZES
£ES
STha
95¥.
€S
L0%.

£95.
1290

86Fs
ueapy

HBW ST -/ + 6¢5

14
995
(184
089
8ES

vis
853
80¥
1234
6LS
80¢

865
SoF

018

S 88 8E
0 b8 66t
0§ SIS L6h
s 8y 19
IS €09 268
0vs s s
95 1149 SES
¥is €5 1443
80D 86E 89K
A T
99 WS 0L
(44 61¢ 96T
89S 965 8gS
8y Tor T9p
06v  01S 00§
B99ST NS
NOHI

g6t
|34
LAY
5%
00§
875
s
£Zs
T6€
sy
Ls
20¢

£Es
65F

08Y

62

HRJ3R8ER

$3333333555333353335333%

ammvm‘ar-uochz

LL6T

Ll

LT
0g
YEo
£6

S8R

¥

€l

62

o

56°C1S

T9¢

4314
824
Mt
6%
LLS

BIv
99¢
LLP
423

L6t

I¥Es
£8¢
9T
T6F
£0L
$9C.

9t

‘A PIS  UBI

(2544

08°005

§9¢

108
163
96't
6LS
B8S

00b
65%
1234
£33

oy

L9t
L9§
15¢
6Zs
919

e

0LS

99y

Ll 414

95E

08y
9z9
BY'¥
bLY
FLS

Siv
895
Liy
888

[£:12

66t
0ss
44
(1749
ELL
8t

0cs

DfBW TLY -[+ SLS

19 ek
66567 19°65S
6LY
65 TE
86b 65b
589 969
8y 1Ty
69 878
85 895
0% 86¢
€19 £bs
€8y 88p
€65 9€5
$9E e
L9€ Lz
€19 685
%4 98z
09% 06¥
L £69
$9€ 19¢
095 0zs
d [ossny

NOYI

85t

16°ETS
19

8BE

¥8y
Log
69°¢
8TL
€LS

o1p
SkS
6Ly
98

€6t -

S6T
S68
¥t
0Ly
SO0L
8rE

005

[~ N O -0 S h & o

— NM VW

avl

av’l
v
vl
gV
avl
g1
gV
av
av]
0]
av1
avl
gV
gv]
gVl
av7]
av]
av]

avi
gVl
gv1
qav]




9E1
£0
Hal
(4]
50

90
¥o
0
o 'ms

0T
E0E.
(YA

¥591
Lyl
0¥l

691

e
Y A
£81
Ele

roT
6Tl
L6l
$6Ts
(44!
LO91
(A2
0E'94

89t
05T
s
Sl
UBIW

0z
962
¥Ll

0191
¥8l
'+l

$'9
0z
Loyt
LU 4
st
£l

g0z
8
60T
L'1e
6'¥1L
¥9'51T

B6'S

1)
st
(44

(43!

0z
9280
Ll

#9991
¥8l
Sl

891
61
16'81
1T
¥'al
A

€0z
1

661
it

7610

€591
L[
€59

Ll
¥yl
(44

§'5T

0z
e
'Lt

STLL
§8t
el

gLl
0T
yO'LT
e
6Ll
vl

174
£l

0T
(i1
P34
E97
T
189

991
oSt
12

g5l

/8w L7 -/ + §°8T
YAIdOD

0T
zle
Ll

0591
§'1Z0
¥rl

691
61
86'L1
0z
L8t
1A

80z
£l
L8l
(44
[ 34
U9t
092
66'S

LT
§5L
|14

st

1-8804

0z
Soe
TLL

0c91
£'81
48

891
61
PSLT

€81
zl

Lgt1
9tl
6t
Toe
124
19
9T
154

91

€51

5l

53

qY3Q8KA

999993392393322932333

P s s B s T e e
- = v v e o o O O

F«NWTPV!‘OF(DO\‘?‘

Emmnm

66

o

Tt
-

£9'T

i

YGENGB - on
r'-‘_;"‘ﬂ

91

¥
¥
1]
£l

A PIS UBIW

LA
st
orl
SEbs
Sel

5681
A
611

A
671
T Ovs
941
£6bl
14141
(XA
L2148
911
I€1
Lot
(748
18911
¥est
TE9

17A
YA
LET
el

9¢l
611
orY
12v
0Z1

65°0vI
0zl
(43}

Tel
(A4}
Seey
0sT
8Tt
€It
811
¥el
31
pEl
AR
498
18°LT1
9851
789

LIt
YA
0ET
iTA S

L11
41!
orl
1484
94

LEPST
Lzl
LI

(A
82}
TT8E
oF1
Lt
481
[£AS
8yl
0Z1
ot
0F01
(412
PEOTT
TLST
g'0L

9l
82
Sel
>Al

B 97 -/+ 671

ddddOD

o1l [ZA
Sit [i7A
0s1 081
iy 244
6Z1 STl
FEl
BT'8TT  LT9EL
AN XAl
[AS 811
A £11
8l 7zt
88'8¢ FANAS
061 £rL
9'¢et TIs1
611 L1l
STl LZ!
sl (A4S
01t 901
621 1A
0901 Lo
9zl 1Z1
8TCIT 18811
8151 9peT
£'99 e
1Z1 211
(1] 611
9zl Lyt
Sel 911
N JUSWIPIS

A
8ol
051
LZv
951
9¢1
1T8el
¥44
671

¥l
1Al
78'8E
BE1
byl
801
sl
124}
91
el
0901
or1
EFoTl
FeEl
£'89

ozt
[£A¢
Lyl
16T

1€
0t
6T

ARIAKRRE

(] (2] oWV~ 0h oo
av—':vﬂgv—'v—i-—‘v—!ﬂHNN

LB B ot B T B~ B i~ 4]




B-13

[1 L

¥'e ¥'Ess
[ P19
I 89
8TL  LY'BS,
90 093
(4488 (A
4 (A

T (42

90 9't9
¥6'0 S919«
£t L'19
Lo 900
¥l L85
! B
71 1324
60 19
¥ vy
a'MS  ueapy

/B gy -+ €99

1A

§T9
69
599
§'59
Lo
£9

1L
L'e9
$9'19
909
509
§'6s
Ls

§T9
£

&9

(£ 69 [#A
Els £95 678
¥es £'19 TE9
69 89 L9
81'65 LLE9 1765
o9 9% +'99
T §0L 689
19 79 09

1L 1L €L
&9 TE9 T'+9
<'e9 88’19 9L'19
Te9 85 0'g9
L'68 <19 ¥09
1'6S 665 rse
8¢ 85 65
0'¢o 759 L't9
05 L'19 8’19
9 T'ss 99

B99ST IS
YAILOD

EL

0es

¥'09
69
¥5F9
59
969

(4
879
5609
§'e9
19
L%
95

09
879

09

SRE2REAQ33IRL’GERA

333337932293399333333235932233

™
~—

Ll B B ol BT - - B N )
e

120 €L £6'L oL
[ 341} STL Yo'l 0L
9€°0 956 £6 118
Hm.a L9 0L 1€'9
870 1£¢ or's £0'S
o £L ¥l 7L
6'0 68 (3 §6
5’1 8eTl. 9T'1 FAAAN
910 19°L oL'L (YA
0 e wi $6'L
91> 91>

1 L L 8
91L'0 ¥S11 <01 T
T0 L8 8 L's
gT0 0£'9 9 9’9
620 6L'L gL 05t
(1) 66 g6 00t
o ¥'L 89 FAfA
1Z'0 SE9 Lyo FAN
Lo L9 £9 19
T0 £6 6 £6
0E'0 0E6 0’6 se'e
(XA 'S 89°% e
JAN] 1L el STl
AR PSS VBRI

3/3wr L0°E -/+ 18°L

dddd0D

008  06L
L 6L
€6 66
9 169
08
9Ts LS
€L ¥i
§'6 £8
A BTN
YL ELL
06L 08
91> 91>
8 L
cuovn
L8 L8
619 $99
008 008
€0T 66
Tt 6L
€29 199
59 99
76 T'6
168 6
09 265
STL T
d [9SSnA

¥8'L
24
£6

18'9
gL

os

eL
5L
586
SEL
9L
Si>

9Tt
L8
L6's
00’8
66
[£:]
we
8L

e
S09

STL

1€
oe
6T

ARIQALER

E33323E%E?EE??%EEE%%%EEEEEE%EE%

<k VIO o
L R ]

H I WO 00D ™
o=t =




B-14

0e
YA
90
aJ 'ms

011
9Ll
oL

SBETL
611
£0T.

011
SOl
910'T.

(44
184

(AR
$'98s
8Tl
L'S0Ts
T 060
8664
0°L5Te
90T

011
L'06s
687«
§'C6s
uEIN

B LY -/ + 611

0Tl
£6°CZ1
sot

96°eTl
611
901

601
66
1107

orI
08

{931
988
0zZ1
rott
¥'v8
¥L'86

£01

Lot
6'68
00¢
556

oLl (1194 011
65°LIT  vLETT  TEITT
66 4118 I
POVIT  OULIT  LEOLI
611 L1 8I1
66 L6 E01
011 601 11t
S01 90T - 601
L70'1 S000°T  LIOT
oLt ¥It 811
6L s8 58
oT1 FIt 911
£08 9'88 768
911 194 811
0'86 T'601 LA
0’16 8'eo 056
VT THOOT 00T
bZol 991 891
501 s01 011
(44 911 901
6'L8 8'C6 9't6
91 91 wy
756 V96 £'56

1-5504

ONIZ

(1181
E0TIT
1) 8

(444!
0zY
801

601
$01
ST0'T

1188
bl

ot
8’58
021
7901
0'L8
8’66
T8l
Lot

.T66

00y
6'b6

6T
82

%§§§§§§§§§§EEEEEE?EE?%EEE?%?E

oy WO 0

i,
ELLT
01

oy

gl
919

= O O T

(A4

SE'T
91

91
s
s§
14

W90 PIS  UBIl

£he
1237
80E
IT'E9E
9Ze

22
ore
Tit

ste
04>
FAy AN

gee
¥z
Y43
95t
6LT
SEE
F1vie
98¢
¥LSTE
05¢
[1}%>

e
¥82
65E
¥0E

38w §§ -/+ STE

¥rE
1233
062
81'05¢
0EE

08'¥ee
6et
£IE

8Tt
e
16'€1

Stt
e
¥t
Stt
6L
£EE
g'BsT
§6T
59 46
g'ELE
ge

SEE
[4:04
85t
S0E

THE 25 A%
Z8E SHE ¥9€
0zE 01€ 0l¢
80PSE  OT'RSE  LY'9SE
£EE 61 £1f

FAL
YE'TLE  6LOEE  EE0EE
9€E S¥E 0¥
176 00 61%
9¢ 9%g fki)
£EE e i
LETL 5661 66T
L7E EEE 9€E
657 692 [~
€IE 4 1€
£vE L¥E IS¢
€87 £LT 087
¥EE SEE (1) A
§09T  0LeT . 08l
82 582 76T
65°VIE  9ESTED SE9IE
TE9E  T69E  TTSE
67¢ 6EE L2e
#43 LEE 61
£87 88z 0627
ZIE e 9Fg
00 0TE 667

N JuRuwIrpas
INIZ

e

1453
01e
66°09¢
9EE
11g
89°'¥Ee
6ge
50¢

9¢e
11
A

¥EE
192
£EE
05t
8Lz
(A%
$eR
L
88'91E
9ee
£TE

L6g
8LT
(4%
¥0e

8>
0t
6T

H83QARRY

-E33%33%?%%%%333%333?%%333%33%3?

ool T o o = o -
gv—iv—!r—(v—(!—!‘—(g

I T VIO S
e T




B-15

€T 619,
1€ 808

£l 158
850°0 ¥19'8
AS ¥58

€ IE8

JA S 6ELs

6 058

L £08
LB 9TLLs
iy 6L

g8 [A3]

9 0964
11 Y9Le
T 159
[AS 8LL

9 S6L
2 MS  ueIp

33w 1§ -/+ 0E8

L78
798
98
[A%]
%8
8L

or8
818
6'0LL
818
124
€56
Lt

989
S6L

S6L

LA 6L9 ¥b9
OLL 661 6¥8
098 Ly8 1£8
L6578 $05°'8 8598
i58 098 898
£E8 §e8 0c8
BEL 120 61L
858 658 £8
018 208 w03
0'98L  899L L
8e8 05L 808
878 [A4] £E]
96 896 §g6
SiL 9L SSL
£L9 €79 €59
OLL 18l ¥oL
LBl 6L 708
B99ST INUS
IONIZ

69

S6L
558
o8
&8
ies
S9L

08
w8
8eoL
¥l
ves
196
£5L

059
6LL

L6l

e
[1:%
6T

H838S8RY

$333353333335555553555353335333%

1%

61

Ll
9l
ST
14}
£l
(A}
a1

ﬁNmVﬂ\DFNO\a

<o

50€°0

‘T

TN NN A o

~

Mo M

T

‘A PIS  UBIY

14
24"
081

(44}

(1746

4!
191
5904
Bl
Ul
621
s¥1
19t
¥l
6cl

| ArAq
6El

£6T1
ol
8ET1
£91
9ET
80T,

43}

3Y/3W 6] -/ + 9pY

(24!
€l
081

9¢1

741

6¥1
Lot
A KA
ser
TLY
gET
4"
91
(A48
8EL
Sl
LET

[A&Al
0Ll
e
S9T
8ET
801

1278

162 SR S 23
2 S0 ST
081 01D 08l
SP1 48 9r1
L€t
91T sl wl
5 SRS 1 -1
ST L1 091
6650 6650  650'1
81 sl 8st
wr o 1Lt
AT 4 SR
oL SPL LT
WL 6T sst
e WD gpl
8L 66l LET
C6ET 0P SThI
WL el %l
TIL osTl LUl
WLE 691 EL
(/A S S
9T 1 091
9E1 €1 opl
0T LT 601
7 S R
d [essny

ONIZ

(24

orl

081

orl
9€1

[7A

brl
FAY S
6650
831
£28
£E1
SHl
91
il
1341
STt
9€T

TEIT
FLL
6r1
091
91
801

181

i€
oc
6T

HR3Q8RY

$55535335553553335333333355533333

12

o1
81
i
91
ST
¥l
El
Al
4}
o1

N N0t~ 00O




B-16

7o
£o
70
€0
LAl
¥5'0

€071

15°8

65°8s
(At
A
001
(1}
S

0zl
¥'8e
601

€8s
LT81s
ST8s

T1ELs
¥l
€8s
¥7'%
ueap]

MBW Y [+ T'TT

¥ot1

58

ire
I
L1
£0t
911
£s

gl
98
80T

¥'8
'8l
Lyl

89
Lt
£8
1e9

$OT €01 €0l
808 808 599
€98 €68 £¥8
(A u 14
Lré @Ol L6
¥OL  T0I 68
YIL O 9IT yoL
8 09 09
gL 971 7T
¥'8 L8 '8
g1 TIL T
98 8L '8
98T 69Ul (88T
0U8 068 58
5L 0L 1L
L 7L L
7L vL o ¥6
€9 €9 sEs
1-8804
JINISHY

o1

86'8

6h'g
(4
L6
o1
(A8
gs

in

80T

8
9081

S6'8

i
880
6
0T'9

6T

23233333329333592293322333323

aﬂmvn‘or-mcxg

§0

§0

e
w60
€8T

8E0
(4
12
Lo
‘a3(g

DINISYY

TeT 6'ET yee T'Ed 1t
0% Y LR 61 9.
991
081  TBL T8I gLl 98l
VT 01z 80T 661 £0T
o1 ST o1 91 L
S0 SOTZ §97T IS0 L6l
€80 ¥ 1% T8 99T
SEL 8W 9% SE 9
e €I e Z p1
€ P € z sz
SIL ®0Z  SIL 0 61T
€ &9 €Ll ULl 6L
A A R
981 L7z 89T 081 8l
612 SSTT W VIR 95T
COELL SE9L  86YL  v69T  £9TZ
91 L9 THL €91 8l
S8 98l §81 8l g8l
4 PR 2 SR SR 2 G
(31} 9T 91 91 6'F1
.ﬁ.—m .—uﬂuz
M/Bw g's -/+ §6T N IUDWIPIS

¥ie

£
891

081

g6l
ST
eoT
'z
(474
1]
£z
§1z
LA
(A4

691
§6'02
6591

490
681
801
9t

€
ot
62

dR388KY

2393333933293229333223233333333

I o VI D00 S
LI B B B I ]

T WO 00 D e
e




B-17

0L'e

§0

¥9°0
2q°PIg

01

BL'Le
L'0Te
(Al
LA
(a4

4 41
&le
EET
¢EL
Lyl
09'0T»
el

1811
L'TLe

61°6s
ueapy

el

601
s1
bl
phl
e
el
st
551
6011
ral

TerD
611

616

NBwW Y -+ b1

e € €1
BCL . 98 €9
801 §01  sol
st yi0 SL
SEEL LTIl sgul
S¥L ¥EL  6ET
AT S 4 S 4 4
89 0L r9
TEL gel Vel
CXASN 3 | SRA 4
151 SR -3 A
Wor  POTL oT0l
Al st £1
668 86F 980
S ¥iL TH
W8 S0l IS8
89951 SUN
JINISHY

£l

FLL
891
s1
6L'11
) 48
£El
1
¥el
8El
¥sI
pL01
€1

ET0
s

556

6T

4833Q8R7

33%33?%3333%?%3333%3%333333?E

NM‘I?‘V‘\\D!"‘-CDO\g
L I e I A e

— 0 VD00 D
Al o

z0 LTl £11 81T
01 00’01 98'8 £6'6
Y00 FAN 4 w07y Ty
9T°0 £5°L 08'L Sl
g 6 €10 11
B8L0 99 96°L £€°9
80 9'01 901 801
T0 001 L6 g6
60 09 8y 'L
so 0c (%Y 9'y
£0 $'01 801 S01
£0 T6 £6 e
090 (AN 06'6 6
T 66 06 96
650 LL'L ¥I°L LrL
£0 0'Cl 071 611
T0 ¥é g6 76
F A T9%s 6T kA
g0 8¢ A 8¢
670 009 B88'S 695
.>UD .“zw :ﬂuz
/8w 'S +/+ 95°8

L

o'y

6L
1
£Le
8Tl
(A
rs
Ly
ol

9Te

¥ii

508

g1l

Lo
§e

665

L1t

1

Iy

Sv'L
A8
61’9
ot
001
09
rot
68
68’8
68
§0'8
0zt
4]
w5y
6's

96's

d 1essny

OINHSHY

611

§01
68

or'8
§71
1’6
66'0
L9

8¥'9

Ie
o€
6T

2232332233323

vamwr-—eoms.—c
o e v o e e o~
%

NN T VWO 00D
-

$3333355333355353




B-18

100 S0.
800 9504
£910 990
S0 Sp'O
100 6¥0
P00 920
€00 Zv0
6LT0  ¥I50a
aqPIg  UBIN

¥$'0

$5°0
go>
0Z¥'0
Ly'0
001>
e
90
SFo
L1 &g
60>
0T0>

¥OE'0
50>

810>

/3w 9970 -/+ €0

90 550 95
L7
80 S¥Y0 950
g0> 0> 80>
S9¥0 0690  6ETO
90 60 L¥0
001> 001> 001>
0S0  6V0  6b0
o o LTo
(€0 E¥0  EvO
n ) € S g £
60> 60> 60>
00> 070>  0T0>
0L90  ¥RGO 6620
§0> 50> §0>
80> 810> 8TO0>
1-8804
NWNINTTAS

5o

LS50
80>
8150
¥0
S¢>
790D
[AR)
0F'0
01>
60>
o>

SOF0
§0>

810>

99933923232292399392393355313

Lan it o B B o B = e < )

s0'0 1 i

¥0'0 98’1 el

910 981 £9'1
(4 €1 i
8820 0Tt 60T'T

ST'0 jrAs 621
991>
00 9T 91
Loo o'l 6e'T
$¥0°0 79704 95°0
£0°0 Se'l 91
70 | A §T
1>
s1'0 LY'0a 6E°0

LEO'0  £el’0«  00L0
610 L0 50

200 79°0. 850
A PIS  UBIW

BABW QL0 ~/+ bS'T

FASS 6e1 181
61 ®T 16’1
¥l
£0'7 DIgehd 641
(A [ el
Ler'1 9ET'T LOF'L
rl 701 611
991> 991> 991>
) o1 o1
¥l 1 &1
1970 290 99'0
SF1 Lz’ 8e'T
| A4 61 0T
g1> g1i> 1>
650 890 gt'0
SLLO 80L°0 01L0
¥9°0 oL'e ¥8°0
(AA] ¥9°0 650
NELEL X
WNINITIS

151

£8'1
€1

£6'T
&1
6LL

W
05>
O¥'10
11
%0
o't
1T
81>
£€0

Lo
01

55'0

42
0E
62

HRlJ3U8EY

E?E??EEEEEE%EEEEEEE?%E%EEEE%EEE‘

vawmhmo\g
— v o et

L B B e T =R - o - W ]
™




B-19

0 12 FAra (A4 | A 0T
£1o oA YA A [ A& A [£AS £
70 07 L'l (A 7T 0z
LEQ L8l Po°1 L'l £9°1 8'1
£2°0 L CAA 08T b A 81 0ET
00 1T (1] A jr 61T Y1z
[171] =g Wi> 001> 00T >
00 T 1z 1T 1z T
80°0 [17Ar 4 0T B80T wT 08T
£0 b A e [ (A4 6T
6070 951, o1 65°1 01 65'T
FA ] T T 0T 0T |44
'8 78 YAITA ¥z 6y 6'L
£0 Tle 1 fA 11 610
[A4] ££T &7 §€T 1£7 11T
WPS uespy
BBWHT0+/+ 1TT  ©99ST JNUS
WNINTTIS

BF'T
07

(A4
1£7
(A%
byA-d

£T

A}
£

e

67

HRl3%858R

E??EEE?}?E§§§§§§§§§§§§§§§§§?3?

c.—cﬂmvh‘ohmag
L i B I R e R

Ll e B o B LT TV Lo e N

0£'0

¥i'o

€10
¥'0
o
06'0
810
)
2)
10
50°0
60
60°0
o
{810

96°cl
(4

o

A PIS  uesy

6TE ore Pi'e
§T A 97
PEE 8r'e e
SEE e T5E
6T &e L&
081 50T 69'1
66T e e
W05, £0's 96'v
991> 991>
B4 oy 8¢
6'7 8T 87
¥6'T 6LT 87
89T [t ¥9T
6T 9t (4
€0 68'T e
Lt Lt 6t
9T 9t T
9E'9T, {48! LLe
07 g1 g1
$9°7 BF°C Lo
BBW 0T'L -/+ 98°C

ST 0T
X4 &/
see IIg
FEE S
e vz
0T 5wl
PEE 181
s ElS
991> 991>
0 1§
15> 8¢
867 90
9T 97
67 0P
W 907
8€ SE
67 $T
TSE 1z
07 (44
P €97
d [9ssny

WNINATAS

80'¢

et

€A
L7
o'l
AR
oLy
(At
'y
0t
we
9LT
02
60T
8t
9T
9'0¢
e

vL'e

€
0e
62

8328 Y

SN TN OOy S
L e B B I e R e e s B |

O VWO~ 00 O

qv1
gV
av
gv1
gV

av

gv]
qv]
gV
gV
gV
av1
gV
qv7]
gv]
gv7]
gvi
gv]
V]

gv1
gv7]
gv
gv7]
gV

gy




B-20

paambay] JON SIUIWIPIS UI JIA[IS




B-21

00 81
Wo ¥
0o 691
0600 0651
WO 6ETe
o E91
500 09T
500 ST
0T 80
%00 (91
10 $'Te
oUT  Bihe
510 L§0e
€0 890,
°QPIS VBN

;8

BF'1T
o'y
wid
€91
¥

8l

68'T
51

oLy
9L'0

o

DYBW ST -/ + 89'1

81 8 g1
051 W 91
Wrowr w1
65T 18T L§9T
67 Wl (g1
- S TR SR8
(ST WL 651
9T 6T 0T
13 0> 5T
61 6 681
ST ! $1
08 8BTS €T
90 $90 10
860 080 7SO
B99ST NS
JIATIS

Lo

¥S'E
¥l
€70
8e']
981
991
ELT
£7
Wi
¥l

W1
1¥0

00

67

49348888

93399399999393333333333333333

ﬂﬂmvmwhmmg
— vl vl o vt o ot o

ﬁnmvmehwaa

80°0
0o
90°0

PO

o
£0°0
1L0°0
£90°0
L1000

¥0'0
£0°0
[AINU
£0

€0
o

Lo

$0°0

A3 'PIS  UBIN

/B £S7'0 -/ + L3S0
HAATIS

°L0
6EL0
650

svo

150
0.0
wro
805'0
5650

L5'0
18°0
0L
L
090
8’0

LOT

¥ro

180
&l
850

st'o

EFO
990
670
0850

150
800
89°0
LT
90
1]

oW
§0>

iro

¥9'0
AT
£9'0

o

050
890
S¥e'o
1234
P50

£5°0
950
L9'0
¢z
LSO
9%'0

L06'0
§'0>

80

790 #L0
€8L0  0EL0
29'0 $9°0
%0 §P0
160
oo SY0
oo €0
L0 LLKO
7190 ELKO
6650 9950
§S0 €90
80 080
Lo 0o
e €7
W0 (S0
670 6¥0
67 91T
50> 50>
80 660
d [9ssnA

Lo
0690
610

e
£8°0

Ly
¥L0
68¥°0
e
0550

650
180
o
st
(A4
§0

61
0>

L0

e
oc
62

NN PSR RS

L0 VDT 00O e
o Y

NS VIS 0O
— =t

qv]
av]
qv]




B-22

8200
00
L10°0
£0°0
wo
109
[AsLi)]
0100

FALNI]
Te00

0100
81°0
100
S000

10°0

81°0
SO0
T
2q"PIg

¥81'0s
¥Z'0
§8T0
£90
ST'0
0E0e
pLETD
970
EST'O
§T0
L9370
FEQs
A

0LT 0

61°0s

1#'1a

AN
0Z'0s
uTspy

(A48

0
190

YA
0E0
B0BE0D
870
#9570
o

5520
o
8co
oo
01>
910
100>
610

151
§0>
oe'0
(441

/W $0°0 -/+ ST'O

6LT0  S6T0 6170
Y0 810 00
LSTO  65T0  ET0
190 £90 €90
sTO ST0 WO
0E0  8T0  IE0
S9ETO 61720 65120
0 L0 20
0STO  ¥STO €920
o soe 170
90 90 LT0
00 8¥0 €20
620  8T0 620
o> 0r0>  OF0>
(O S 01>
970 ELTO  ELT'0
91000> 910>  910°0>
810 610 70
WL s Tl
$0>  §0> §0>
0E0 00 0§D
woe 60 0Z0
1-SsD04
NINAYD

581°0
£€°0

Lo

690

{0
0£'0
¥5¥20
YA
LA
o

870
650
80
or'o>
[
EL1o
91070~
81'0

148
§o>
0¥'0
610

A

Hd83a883

?&2§§§§§§§§§§§§§§§EE§§§§§§§§§

= WO~
ﬂgrﬂrﬁﬁﬂﬂﬂﬂ

Pl B B A TR I
—t

o 10¢
01’0 98'1
Yoo 81
8r'0 961
£50°0  T007T
9r'0 (A%
800 Lt
1'o £T
E9PT0  ¥SLY'O
0510 STT
Lro Ve
e g7
o [ YA
600 607
10 &1
500 we
XAl 6L'1
§0 §T
(ALY 7T
£0 6Ca
w00 se'1
wo 05t
900 89°1
0 T
610 98’1
‘A 'PIS  UeSW

S6'1l
[A:0

817
98t

986’1
(A ¥4

10
T
99ls'0
9T
59
81
[4
[41KA
&'l
157
902
61
0Tz
(A4
9e'l

sre
91
(44

T

/3w g5°0 -/+ €0°7

(444 00T (A8
i1 t0T 98l
60T 81 ¥oL
L't 26’1 661
£
SLET (ALK 880°C
W SPT v
€0'T 107 91T
£ £t (A4
POFE'D  6BOS0 8TOE0
A T TET
%Ke £9'c 62'C
91 8T 61
0T [ &4 e
00'C 60T ET'e
17 g1 U1
Sye %4 ¥5T
S8l 0L'1 Sl
X4 Le TE
BT 0TT ¥
gt Ty 8t
¥e't el el
e 18T 1397
Wt 191 Lt
(44 (4 (47
ot LT S0
N JUU[pag
WAINAYD

S6'1
€8l

6L'T
§TT
€7
156'T

91z

917
£T
£TP90
50T
£EE
07
0T
@
61T
157
06'T
Lt
Tee
9E
«©'l

68°C
91
(A4

£l

4%
e
6T

S3I8RRE

WO 00O v O

ﬁvaln\or-oocxa




B-23

0 £y 4 134 144 1744
P10 (A4 - 87t [A4% 127
vy 6BE SS9t §E 9&e  6TTF
400 §0°% Iy 86°¢ oy (154
i1 e 6t 6t #ed 6t
88110 6vSK'0. €00Y0 89060  STES'O 07190
E10 05’y vEy ES'y Ly 55y
£ro Lry 6E'F £ (484 &y
9'0 8'Fe [44 gy Ls o
800 LEY 135 4 BE'Y oy Iy
§0°0 wy 134 0 1y 37
9o 98EY  LEV 59 1wy 'y
¥o [47) ve [4” 0t oy
10 Fea 9t 9E e 9t
150 1132 6EY £33 222 09t
10 oy 14 6t 'y iy
6T°0 Loy L5y 65y 80 Wy
500 wey 18 vt 6LE we
PEO 58 TE or'e 6V'E E5E
9 'PI§  umsly
BBWRE'0 -/+ STy BIIST NS
WNINAYD

6t

¥e
908y
STy
6't
6ETH0
¥y

90y

5y
N 44
80y
L7A 4
£t
L't
1£:37
't

01
oLe

pL't

67

39999922229333392233222333322

0w WOt 00 O

F1°0
¥0°0

650

L0'0
£E9'0
1o
0
£0E0°0
P00
60°0
¥0
(4!
oo
(4!
500
£0
(A

0
£0°0
o
e
020
900

€070

AR 'PI§  Usay

60y 06’ 0ty
90y Yo'y Lo'y
(94 (44 9y
80°¢ so'e 98'T
sF't SPE SE°E
8se'e 7967 68L'¢
eIy 0Ty 90y
T (1R 4 (184
S8IF' 0.  TLYPO 96680
ce'y [ %4 S6'y
Ly g9 ey
6t 9E §e
oy 0y o'y
19t 80t ey
6t 9t oy
Py AN 'y
0y o'y G8'E
ot £t e
0'c It 1t
e 05'c e
oy I o'y
o'y L'y L'y
1504 sTY POy
$6T S6T FO'E
0Lt 0Lt L9t
DBWHT'T [+ 96°E

AS T 1
Ly
oy 9'r
v 187
v
6VE S5
oLYT 5
YUY B0
8% 0F
T1Z6£0 95510
06 10°C
S9F  LLh
rr o'r
LE Ty
I
8°€ 6
A B
A B 4
6t LE
0t TE
£E e
oy 0y
oy b
6Ly LS
187 967
SLE  L9E
d [Pssny

WATAAYD

'y
wy
'y

ST
0y

£S'e
TE0'%
13 4
(44
6L6C0
9%’y
58'v
8t
(A4
6
oy
1494
Ty
g€

LT
(247
'y
9y
12 44
b6'T

we

1€
0c
6T

SO3388R

VIO 00O O o

v—(NN‘d‘W‘O("‘-CGO\‘?‘

gV
avl

gv]
g1




B-24

8L'0 9 A
970 860+
10 (AN
1£'0 85" Ts
¥0 61T
L0°0 86'1
0’0 o981
010 EL'Te
00 BF0s
Lo UZe
§9°0 L¥le
o1 L'Tle
3PS UBRy

3YBUW 070 -/+ S8'T

wi
irt
(44

wl
e
1671

¥a'l

e

0>
S¥'0

¥6'0
0el

161

¥§°0
17
9BL'l
EET

0>
1% ¥8'1
1t £60
€T 1T
YAl 6Ll
LET 66'T

61D 61 €T

LBt
00T
0F>

80
01

16'1
et

£9'10 ¥8'1
wr 0T
o> 0>
90 8o
(4 97
680 86T
L gl
1-880d

NLL

0>

Lyt

4%
[4A

[4:98
¥z
w6l
(ZA

0>
%0

17
601

6T

SR3INL’SA

EE333%?EEEEE?EEE%%EE%?EEEEE?E

WO T 00 Oh

HNN‘W\O\DFMQ\‘?‘

Sy 969 ¥'SL £19
LT g'¥9 Yo 'e9
F0'S 00'88 8¢S 6E'7S
(x4 T'6Ty 9T 1'6T
9 SL sL 99
6210 74 R 06’y
T 8L &6'6L L'l
¢S 99 FA /A 65
0t 59 65 L9
(94 L9 £'69 (A
77 69¥ 6y 0’8y
850 6F'8C 1$°8¢€ 7668
L't SEL ¥'SL 0L
ST ¥95 LULS 6'LS
€7 . £5T it e
WIS uBIy

B T'GT -/+ +'S9

¥'L9 6'0L
6's9 999

¥9
119 F1'85
% A
08 EL
BLS'Y LI9'Y
L' Vst
T'r9 169
r8 19
809 Th
9'9F gLy
6LLE ¥'iE
¥El LS
&% L¥s
99T LBT
N JUSUIPIS

NLL

veL
809

6§

£5°Y9

91e
[+)
Yo'y
8L
59

19
P89
vey

PE'8E
voL

L'9s
897

i€
0t
LA

dR8388AR

[ I B i s Y- -+ I N ]
R I I I I o i |

Ll e B L T~ == B R
-




B-25

0r1'0 XA 8T we

Lo £5°T A 6¥'1
090 59'Ce 66T 8L't
1o | & 1T 0z

050 0LEs 660t £6'¢

7%0°0 95€°0s 0570 01+'0

£0'0 1L'Te 891 691

€0 wT T e

o> o>
£0 $Te 9l 8’1
£> £>

BE0 96T w®T 00'e

3q°PIS  uealy

INBWLT0 +/+ 81T

60T e
66'1 0
13T A4
12 (44
98'T o'y
80 £9€°0
6L'1 69’1
9T HT
(1} 24 or>
o1 ¥l
£> £>
87t 0z'e
B99ST NS
NLL

1€7

€T
Ve
1T

9t

0LE0

89'T
Lre
0F>
s

£

we

— 0T M WO 00 ON

$33333333333335355355333333333

00 1910
£00 SE0
61'0 ST
(AU 81’0
6900 TLL0s
2200 0920
00 £T0

W3 PIS  UBSW

NBW 7L0°0 </+ T6T'0

w10

6€°0
£l
Lro
T80

£57°0

o>

L0

or>

0>

£>

§>

Loro

£E0
LA S
61’0
$L9'0

A

To>

w0

o>

oT>

£>

et

ELTO £91°0
8E'0 1E°0
(I 171
[ANY 8T'0
LoLo 808°0
SLTO ET0
o> 70>
120 y2'0
o> oy>
01> 0>
£ £>
g §T>
Jd Pssny

NLL

191°0

SE0
S8'0
1770
§'10

8970

0>

9T0

o>

£

g

1€
0
67

48343888

533333333

"‘N(ﬁ‘@mwhmmz

5333

$33553333%

m
-

v

5333

533




B-26

€990 Il 9 €50 L60 Lo

850>  $50> 90 550>
900 550 0o 650 8’0 80

010 65°0 ¥9°0 Lo wo Y50

2Q'PIs  ueIN

DBW YY) -/+ 650 1-SSDY
ANOWLINY

160

590

090

090

Pl R B A BB - -

33993933333533333333333333335

50°0 L1t A

L6 65t e

ST (AN or

w00 950 68

1 6T'1 (48 Ll

¥ ool 0e'T L6T -

oL>

IS 68°0 160 (/AR

0 LL'o Lo Lo

6P0°0  TEB0 08L0 9280 Lig0 8680

T'o §1 91

‘A 'PIS  UBIy

91 ¥l 91

3/Bur ‘N JudwIIpag
ANOWLINY

11
65°¢

0g>

051

8L'0

1880

1

oo
[ B o]

RITKRER

e ¢N <t WV WO~ a3 — 0
:r-‘v-iv—tv—ln—l-—lw-lﬂgNN

i Tl AR N )

5333353

avl

gV
avl

gyl
gv7l
gV




B-27

paambay joN anssiy, [edtdojorg ur Luowrnuy




B-28

¥20°0 (AR (S 4] 6020 SST°0 95T°0
FANI) 6704 8¥°0 81°0 0T0 YD
£0°0 £T0 £2°0 Yo €20 920
1000 0r1°0 6ET0 10 6ET'0 10
01> 960> 960> 960>

1070 SL10 ¥91°0 Lro (AN LLTO
0100 LSTO 091°0 851°0 091°0 6E1°0
600'0 6F1°0 geEro $ET1°0 A1) (% §1]
LEOD LY AN LET0 6ET0 S01'0 9510
1070 fAR] €10 1o FAN" ro
£10°0 (904 99z LETO 0520 ¥eT0
800'0 810 E8T°0 B81°0 (AN 8170
£000 Yel'0 BET0 LETO £€T°0 10
00 T0e 70 0 T0 T0
01070 SETO 1200 0520 SET0 SET0
9E0°0 510 0p1°0 0Z1'0 081°0 0Z1'0
70070 SOT'0 Y070 LOT0 ¥0T0 L0T0
S10°0 LLTO Y810 89170 9810 ¥81°0
EX0 ST0 ST'0 610 <10 $1'0
100 90°0» - 50°0 100 900
UD .Em :wuz

DBW Y800 -/+ PLI0  I-SSOU

AdNO¥AN

0810
sT0
6t'0

oFT'0
wi>

7020
9910
1510
Loo
o
¥eo
1610
0ET0
o0
SETO
0
T

610
Tl

500

6T

A8332A8KAR

3?3E%3?%33%333333333%333333?}3

Nﬂﬂ'iﬂ!bt‘-l:ﬂd\g
e v e o

— ] 0N W WD - 00O e
—

$00 8¢l %€t se Wl o'l
L0 Wi wi wi YA ES'T
870 Y90 540 L $£°0 V0
110 Lyl §9'1 7'l BE'T Er'l
¥E'1
o 01 ¥l ve'l LA 60’1
tE0 06'Te 21T LT w1 ik
6ET'C S0ET'T 6071 S0¥'1 el EFLl
Lo o't TO'T 560 896°0 8960
o A ge'l 60'1 611 0g'l
690070 9SET'0. BETI'G  PRPL0 9IFT0  SZETO
2 4 81 €61 st $.4 sTl
r'o LA ¥l ¥ 91 1
Lo0 wi el 11 (A1 0e'1
LEo wi 6’1 091 951 i
800 1£'7 1 L2 6¥'1 ¥l
S0°0 e w1 6E'1 'l el
o (A 'l £ It [
£90°0 wr't £8P°1 S62°1 wor't 8I¥'1
o £6'0 rL'0 60 Tt (A
oro 991 581 SL1 101 JA
SO0 PO'T 129! 68670 EO'L £0'T
LAY SE'1 80°1 oT't 6’1 ¥l
£1o el &e'1 i £E'T 60’1
‘A 'PIS  usaly
B/BUL L0 =/+ PET N IUSWIPag
X4NOYANW

£0'1
¥l

8Tl

1€
0t
67
8T

av]
avl
av1

av]

qav
v
av]

gV
gV
vl
av]
v
av]
gv]
gv]
avl

gv'1
av
avl
vl
gV
av]
gV}
av1
gVl
V]




B-29

¥00°0

820°0
£00°0
100°0
SET0°0
£00°0
£00°0
€000

$00°0
££00°0
00’0
£00'0
e

LIT00
P10
100
°J°Pig

8L0°0.

EL00w
19008
8500
PLFO Qe
1500
0500
L20'0.

100
52900
Lo'¢
650°0
S0

104070
PIL0.

50°0
ueap

1L0°0

(2% 1L
LS00
LE0'0
6500
6250'0
¥50°0
¥50°0
Yoo

L0
049070
Lo
oro>
9950°0
90°0

SELOO
860°0

o0'0

/3w £900°0 ~/+ 7190°0

1800 6400 6000
o> £r0>  £ro>
1900 $L00 €500
o0 6E00  S00
8500 LS00 850°0
EEE0D 82500 T950°0
P00 LS00 650%.
6500 10 7900
5200 TE00  920°0
S0 UKD SL0O
K900 61500 9090°0
Lo L0 L0
0T0>  0T0> 010>
96500 67900 00900
PO SO0 500
L8800 T0S0°0  £150°0
B0 6ZI0 8010
SO0 900 £0°0
B99ST JAIIS
AdNDAAN

8L00

Lr'o
(441
1900
Ls00
6190°0
150°0
950°0
920°0

0L0°0
LBS0'0
400
oro>
L9500
90°0

L90°0
so1°0

800

60

48383888

$333553333333333353553335333335

1T

61
81
L1
91

bl

S NN
— gy vt

M T VO 0O O

800°0
6000

0100

or10'0
¥00°0
000
"8800°0
600'0
600°0
5§00
e
£00°0
e
o0

00

100
¥00'0
100
10°0
00
5T

£0°0

‘A3 'PIS  UtoW

811°0

E0T'0

910

FET'0
¥10
¥or°0
860"
9170
8120
80°0

oT'0

s8I0
8r'o

€10

§0s

£9T1'0
6210
s1°0
g1'0
HTo
9L'0s

Lre

e
$1T0

08170

120
o
S¥1'o
5910
rARNY]
091°0
¥12'0
(11 81]
§T0
081°0
Lro
el

§0

w10
SET
L1o
510
00T'0
01

tr'o

Lo
A

PL1O

10>
6r1'0
LT
19770
12600
pAN
[AYAH
9T'0D
910
6810
8T°0
FET'O

50

8L
AN
FL°0
£T°0
50770
%0

ST'0

/B $90°0 +/+ 65T°0

AdNOUHN

9110 LOT'C
6810 1070
9sT0 1910
LT
AN E ARV
PST0 L9T0
SPI'0 LbT0
WB10 991
12600 ST60'0
ELT0 810
1T £170
o 0T
e STo
810 9810
Lro 610
EEI0  STI'0
50 50
PLIO  ZST'0
0EI0  6TT'C
sTe ST0
Ltre  Lro
80Z'0 610
160 640
80 0z0
d [9ssnyf

ver'o

0T

9910
oLt'e

o>
651°0
SrL'o
£91'0
12010
991°0
LA
0T'0
910
¥81°0
Lo
Lo

091°0
%ro
a0
90
e
SL0

Lo

e
0c
67

S8398&y

LB BN B s T - - < I R
— e v o

ﬂﬂmvm\or--ooc\g




B-30

= @9
D.o =3
o
@
£9 &
< &
b
o ©
«~ o
P2 <
[-Yi]
S5 s o
5E < S
—
=B
é% = <
==}
~ —t
« o
= P=
o @
] ©
=1 =
MHOTNereaS NN ENR2RANIIRENRRA
299959339388%9393333533533335%
£ 8 29
mgo P=1 3
=
=8 5 28
E §g 3 93
n =
-
< D =t o oon
' o % [
¥ ° =
[ =]
EO\ -+ [ @
s 3 3 gd
= < ° s<
3
éz < 2 b
- = — © =
= o
3]
E o — Wy
) T < < =«
b = - Iy} Q=
3 vd
w3 - o o
v o =) Pl o
< = < X o
v P

p=r R R i R R e |

%%%?333?3E%%E?EEEE%EE%%%EEE%%%%




B-31

paxmbay] J0N anssi], [ed15ojorg ur wnifjeyry,




B-32

1 X

91 e
Lol YA
Lo L0T
a1 81°61s
01 1'ie

1 1> A
990 902
60 9L

1 Ll
§0 Y4
80 ¥ile
60 6'¥T
(A} LT
(A 6027
[N §S0E.
91 0ZEs
ST TLle
LT 9.
90 80T

£ YA
71 00T
(I 'MS Uy

DB HE [+ L'TT

LT

80z

0681
1oz
6s'sl

612
¥l
80'1T

g1
ST

T'Ee
el
(A4
(4174
s
1o
(A4S
881

L8t
1 A
¥e

10z

% 5T @
R EAE Y A 34
LE6T L0 s8Iz
£ 661 €12
SBBL  OSLT 9602
Loz 81z I'tZ
€ % 74
8e0T ¥5°02 0L'61
CR AN - A 44
u 61 81
' oTe sw
BEL €SI €51
0T P vw
0 I T2
yél 60 T0Z
6L U6 WIE
0¥ 0% T,
gsT 08T LUl
08E 08 ¥SE
g6l 01T 6'0Z
0 5T 9
T 01T L0z
1-850€
aval

9
(A {

sL0T
1 (A
86'81

6Tt
¥T
it

91T
LE

et
8¢l
3
T
Pz
LEOE
¥t
¥'s1

I'ee
(AL
8T

0'81

— 2 N VO O O

33%29399223999993329333333333

[A!
8
¥l

wri

A
6

11
¢

¥l
€T

A 'PIS  UBIy

#0T 961 761 012 we
61 g8t 061 607 €61
0Ll 091 081 051 081
9T £44 112 L9 (4%
£0Z
S6TIT  89'IPT PSTOOT  ®TIT TL6IT
F6l €8l L0z 561 061
961 081 061 102 661
002 802 861 Z61 617
24 EET (444 [AXA 61¢
Le'ote  STLL 1oz e 60°12
9T (257 L8t 505C LY ATA
881 961 6L1 £LY ElZ
Le (44 yee 172 [454
34 57 w0 LST
¥8l €61 §81 891 081
L LTy 8ET L7 44
L1811 §861  S'T6T 0081 0oyl
6L1 oLl 581 061 991
09’661 09'B0T 80961  SET6L  TL'e0T
L'vET 55T 9eEr U 9EIT
92z 9T 92T 0T 68T
67T 174 [4/ 612 g1z
12z 121 617 74 0z
L 90T et 42 LeL
[4¢ 681 vET T © 86
BBW 9y -/+ YT  NIudWIpag
avat

it
61
081

LeT
0zz
TH167
S61
602

¥81
0ZT
orie

€81
8Ll
207
T
961
fhid
gLl
281
LL'T0Z
LI
0ez

itz
61T
91z
861

e
0t
74

938888

| ¥4
4
6l
81
TAS
91
5t
43
£l
A
11
61

L o B ot B ol e B =T a i =)




B-33

900 820
wo 9T0.
1200 192°0.
¥Io 9t
200 0E0.
vLO 0F 0t
0z0'0 BSE0
$90°0 ¥oE'0
80°0 T80
£0°0 0F0s
100 90
k0’0 YE'0e
e 08'Se
F0'0 90
910 SIE0s
3J'PIS  uesy

5T0
6¥2°0
Lr'o
0E'0
Froe
§9€°0
88’0
8T'0

o
90

S'y>
£l

1€0

589
9E'0

120

AW 100 -/+ TLE0

520 Le'o 1€0
Y4 e -~ s
1820 TWT0 €1T0
61°0 0 wo
10 760 A
U6  EE0E  SLOE
€960  LEE'0  BEED
o 80 0
2} LED Lo
£70 o 90
¥'0 9E'0 8E0
Sp> Sy g
90> §1 90>
> 0l oL
€0 SE'0 oF0
£6F 143 05
1€0 6€°0 ¥E'0
67°0 660 LE0
B99ST IS
aval

Le'o
SE'0
1
90>
01>
¥eo

096
0r'0

W10

62

NR83188KY

ﬁ3EEE?EEEEE?EE?EEEEE%EEEEEEEE

- 0 o
garxnEnRasg

Lo BRI L B ol - ]
o

€00
oo
810

00
00
£0
Lo
900
o0
80
¥
10
Lo
¥6'0
o

66'0

£33
581

551

197
ST1
ST1
1
Lre
seT
91
16T
8ET
L8'1
1'Es
1
g1
851
AT
Pl

€T

W PIS U

393U £9'0 +/+ SL'T

96’1
181
L1

91

¥l
Wl
160
1

[ Xikg

4N A
¥l

€61
6E'T
16'T
§v>
e
Tl
61
181
179
¥l

8t

SLT
981

¥9'1

L'l
51
Ay
£1

¥l

aval

LWy g6t
€81 691
g1 Lt
09T #9T
§8'1
09l €91
At TR A
TN Al
91 51
o> 1o
T e
€07 LT
€l 07
z (4
BT SET
LT e
61 sgl
SP> s>
bz 9E
Tt 61
81 L1
ot T
§59 IS
¥l Pl
86€ €81
d [essapy

181
¥8'1
&1

'l
91

A
'l
06’y

8Ll

LBl s B o B = - N )
—

k

533333333533

$5333

3333333







*Si

*Mn

Fe

Se

Cd

Sn

*Sb
Hg

Pb

Sed N
BCSS
Sed N
BCSS
Sed N
BCSS
Sed N
BCSS
Sed N
BCSS
Sed N
BCSS
Sed N
BCSS
Sed N
BCSS
Sed N
BCSS
Sed N
BCSS
Sed N
BCSS
BCSS
Sed N
BCSS
Sed N
BCSS

Lab

LX
LX

* optional element

APPENDIX C
Laboratory Evaluation for Sediment Analysis

Lab Lab Lab Lab Lab Lab
2 3 4 5 6 7

EX LG- EG  -- -- .-
LX LG GG  -- -- --

LG LG GG -- -- LX
EG EG EG -- -- LG
HG LG EG - -- LG
GX EL EG -- -- EG

-« LX LG  -- -- --
-- -- HX -- -- .-
EG EG HG  -- -- LG
HG -- HG  -- -- LG
HG LG  -- -- .- --
HG LG  -- -- -- --
-- EX EG  -- -- EG
-- EG EG  -- -- EG
EG EG EG  -- --  EG
GG EG HG  -- -- LG

Lab

LG
LX

Lab

LG
LG




*Si

Cr

*Mn

Fe

Zn

Se

So

*Sb
Hg

Pb

Sed N
BCSS
Sed N
BCSS
Sed N
BCSS
Sed N
BCSS
Sed N
BCSS
Sed N
BCSS
Sed N
BCSS
Sed N
BCSS
Sed N
BCSS
Sed N
BCSS
Sed N
BCSS
BCSS
Sed N
BCSS
Sed N
BCSS

Laboratory Evaluation for Sediments

Lab
13

LG
LG

Lab
14

EG
EG

Lab
15

EG

Lab
16

Lab
17

EX
EG
EG
EG
GG
GG
EG
EG
EG
EG
EG
EG
EG
EG
EG
EG
EG
GG
HG
EG
EG
GG
GG
HX
GG
EG
EG

Lab
18

GG
HX

Lab
20

EG
GG
EG
GG
GG
EG
EG
EG
EG
EG
EG
EG
HG
LG
EG
EG
EG

EG
HG
GG
HG
GG
EG

GG
EG
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Cr

*Mn

Fe

Se

Sn

*Sh
Hg

Pb
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BCSS
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BCSS
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BCSS
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BCSS
Sed N
BCSS
Sed N
BCSS
Sed N
BCSS
Sed N
BCSS
Sed N
BCSS
Sed N
BCSS
BCSS
Sed N
BCSS
Sed N
BCSS

Lab
21

EG
EG

Laboratory Evaluation for Sediments

Lab
22

Lab
23

Lab
24

Lab

GG
EG

Lab
27

EG
EG

EG
GG
GX
EG

Lab
28

EG
LX

EG
EG
EG
EG




Cr

Fe

Se

Ag

Sn

Hg

Pb

MUSS P
SRM
MUSS P
SRM
MUSS P
SRM
MUSS P
SRM
MUSS P
SRM
MUSS P
SRM
MUSS P
SRM
MUSS P
SRM
MUSS P
SRM
MUSS P
SRM
MUSS P
SRM
MUSS P
SRM

Laboratory Evaluation for Biological Tissue Analysis

Lab

7G
LG
LG
LX
LG
LG
EG
LG
LG
EG
EG
LG
EG
LG

LG
EG
GG

HG
HG
HG
EG
GG

Lab
4

?7G
LG
GG
HG
GG
HG
EG
EG
EG
LG
HX
LX
HX
HX
HX
LG
EG
GG

GG
GG
HX
HX

Lab
5

?2G

Lab

G
LG
EG
EG
LG
LG
EG
LG
EG
LG
EG
GG
EG
EG
EG
LG
EG
EG

LG
EG
LG
EG
LG

Lab

?7G
LG
EG
HX
LX

LG

EG
LG
EG
EG
EG
LG
EG
LG

Lab
10

G
LG
GG
HX
LG
LG
EG
LG
EG
GG
EG
GG
EG
GG
HG
HG
EG
LG
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Se
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Sn
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Pb
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SRM
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SRM
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MUSS P
SRM
MUSS P
SRM

Laboratory Evaluation for Biological Tissue Analysis

Lab
11

Lab
12

G
GG
EG

EG

EG
EG
EG
EG
EG
EG
EG
GG
EG
EG
EG
EG

EG

EG
EG
EG
EG
EG
EG
GG

Lab
13

?7G

Lab
14

Lab
15

Lab
16

Lab
17

LG
HG
EG
EG
EG
EG
EG
EG
EG
EG
EG
HG
EG
EG
EG
EX
EG
GG
LG
GG
GG
EG
GG

Lab
18

7X

EG
EG
G X
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EG
EG
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EG
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EG
GG
EG
GG

Lab
19

?7G
LG
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HG

Lab
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G
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Laboratory Evaluation for Bioldgical Tissue Analysis

Lab Lab Lab Lab Lab Lab Lab Lab

21 22 23 24 25 27 28 29

Al MUSSP ?G -- G -- .- 2G -- 2G
SRM LG -- LG -- -- -- -- EG

Cr MUSSP GG -- LG - -- EG -- EG
SRM LX -~ LX -- -- -- “- EG

Fe MUSSP EG -- LG -- -- EG .- --
SRM LG -~ LG - - -- -- -

Cu MUSSP EG -- EG -- -- EG -- EG
SRM LG - LG -- -- -- .- GG

Zn MUSSP EG -- EG -- .- EG = -- GG
SRM EG -- LG -- -- - -- --

As MUSSP EG -- EG -- -- EG -- -
SRM LG -- LG -- .- -- -- GG

Se MUSSP EG -- -- .- -- EG - EG
SRM GG -- -- -- - -- GG

Ag MUSSP EG -- -- -- -- EG = -- EG
SRM GG -- -- -- -- -- - EG

cd MUsSSP EG GX EG -- -- EG -- EG
SRM EG GG LG -- -- -- - EG

S MUSSP HX -- HG -- -- -- - .-
SRM HX -- LX -- -- - - --

Hg MUSSP EG EG -- -- -- EG - EG
SRM LG HX -- -- -- -- - HG

Pb MUSSP GG EG EG -- -- EG EG

SRM GX LG LG  -- .- -- -~ LX




APPENDIX D

D-1

Sediment Analysis Procedures -

Lab. # Sediment Dissolution Procedure Instrumentation

1 03g GFAAS - As,Cd,Cr,Cu,Mn,
-HNO, Pb,Se,T1
-closed vessel, microwave heating FAAS - Al,Fe,Zn

2 0.25¢ FAAS - Al Cr,Cu,Fe,Mn,Zn
-HNO,/HF/HCLO, GFAAS - As,Pb,Se
-open beaker

3 -1.0g ICP - Al,Cd,Cr,Cu,Fe,Mn,Sn,Zn
-HNO,/H,0,/HCl GFAAS - As,Pb,Se
-reflux

4 -0.25¢ ICP - Al,Cr,Fe,Mn,Sn,Zn
-HNO,/HF ICP (IC interface) - Cd,Cu,Pb
-microwave heating HGICP - As,Se
-transfer, HNO,/HCV/H,,0,
-open beaker

5 -not determined
-not determined

7 -1.0g GFAAS - Cd,Cr,Cu,Fe,Pb
-HNO; FAAS - Zn
-closed vessel, microwave heating
-filtered

8 -10¢g ICP - Al,Cd,Cr,Cu,Fe,Mn,
-HNO,/HCl Pb,Sn,Zn
-open beaker GFAAS - As,Se

9 -1.0g
-HNO,/H,0,
-open beaker
-filtered

10 05¢g ICP - Al,Cd,Cu,Cr,Fe,Sn,Zn
-HNO,;/H,0 reflux GFAAS - As,Pb,Se
-H,0,
-HCI reflux

-filtered




Lab. # Sediment Dissolution Procedure _ Instrumentaﬁon

11 -1.0g FAAS - Cd,Cr,Cu,Pb,Zn
"I'INI)g/HzOz
-open beaker
-filtered

12 0.2g GFAAS - As,Cd,Cr,Pb,Se,Sn
-HNO,/HF FAAS - Al,Fe,Mn,Zn
-closed vessel

13 0.75¢ GFAAS - As,Cd,Tl
-HNO,/HF or HNO,/HCl ICP - Al,Cr,Cu,Fe,Mn,Pb,Zn
-closed vessel, microwave heating | HGAAS - Se

14 -0.12 g GFAAS - As,Cd,Pb,Sn
-HNO,/HF/HC] FAAS - Al,Cu,Fe,Mn,7Zn
-closed vessel, microwave heating | HGAAS - Se

15 -HNO,/HF/HCLO, FAAS - Cu,Pb,Cd,Cr,Fe,Mn,Al

HGAAS - As,Se,Sb

16 0.5¢g ICP - Cr,Cu,Pb,Zn
-HNO, reflux GFAAS - As,Cd,Se
-H,;0,
-HCl

17 05¢g GFAAS - Cr,Cu,As,Se,Cd,Pb
-HNO,/HF/HCl HGAAS - Sn
-closed vessel, microwave heating FAAS - Al,Fe,Zn

18 0.25¢
-HNO,;/HF/HCLO,
—closed vessel, microwave heating

19 -1.0g FAAS - Al,Fe
‘HNOg/HzO/HzOz GFA.AS - AS,Cd,Cl’,Pb,Se,Sn.

20 02¢g GFAAS - Cd,Se,Sb
-HNO,/HCLO,/HF XRF - Al,As,Cr,Cu,Fe,Mn,
-closed vessel Pb,Si,Zn

ICPMS - Sn

21 05¢g ICP - Al,Cr,Cu,Fe,Mn,Zn,Pb

-HNO,/HF/HCLO, GFAAS - As,Cd,Se,Sn

-open beaker




D-3

Lab. # Sediment Dissolution Procedure Instrumentation

22 05¢g GFAAS - Cd,Pb
-HNO,/H,0,
-open beaker

23 05¢g
-HNO,/HF
-closed vessel, microwave heating
-HCI/HNO;

24 045¢g FAAS - Al,Cr,Cu,Fe,Mn,Si1,Zn
-HNQ,;/HCI/HE GFAAS - Pb
~closed vessel

25 -02g GFAAS -Al,Cd,Cr,Cu,Mn,Pb
-HNO,/HCI/HF FAAS - Fe,Zn
—closed vesssel, microwave heafing

26 -1.0¢g GFAAS - As,Cd,Pb,Se,Sn,Tl
-HNO,/H,0, ICP - ALSD .
—-open vessel

27 -HNO,/HCLO,/H,SO, ICP - Cr,Cu,Zn
or HNO,/HCL (Hg,Pb) HGICP - As,Se
-pelleting (XRE) DPASV - Cd,Pb

XRF - AlLFe

28

29

30 05¢g IDICPMS - Cr,Cu,Pb,Zn,Cd,Sn,
-HNO,/HE/HCLO, T1,Sb
~closed vessel, microwave heating | ICP ~ Al,Fe,Mn

31 0.25¢g GFAAS - Cr,Cu,Pb,As,Se
-HNO,/HF/HCLO, FAAS - Fe,Mn
-closed vessel, microwave heating | XRF - Al, Si




Appendix D

Biological Analysis Procedures

Lab. # Biological Dissolution Procedure Instrumentation

1 03¢ GFAAS - As,Cd,Cr,Cu,Mn,
-HNO, Pb,Se, TI It
—closed vessel, microwavve heating | FAAS - ALFe,Zn

2 -not determined

3 -1.0¢g ICP - Ag,Al,Cd,Cr,Cu,
-HNO,;/H,0,/HCl Fe,Sn,Zn
-reflux . GFAAS - As,Pb,Se

4 -025¢ ICP - Al,Cr,Fe,Zn
-HNO,/HF ICP (IC interface) - Cd,Cu,Pb
-microwave heating HGICP - As,Se
-transfer, HNO,/HCI/H,0,

-open beaker

5 05¢g FAAS - Al,Cd,Cu,Fe,Sn,Zn
-HNO, (Cr,Zn,Cu,Cd,Pb,Fe) GFAAS - Cr,Pb
-HNO,/HCLO/H,SO; (Se, As) HGAAS - AS,Se
-open beaker
-ashing 450°C /HNO; (Al)

6 04¢g ICPAES - Al,CD,CU,Fe,Sn,Zn
-HNO, ICPMS - As,Cr,Hg,Pb,Se
closed vessel, microwave heating

7 05¢g GFAAS - Ag,Cd,Cr,Cu,Fe,Pb
-HNO, FAAS - Zn
-closed vessel, microwave heating

8 -10g ICP - Al,Cd,Cr,Cu,Fe,
-ash 550 °C Pb,Sn,Zn
-HNO,/HCI GFAAS - As,Se
025¢g
-HNO3/H202 (AS,SC)

9 -not determined




Lab. #

Biological Dissolution Procedure ‘Instrumentation
10 05¢g ICP - Al,Cd,Cu,Cr,Fe,Sn,Zn
-HNO; reflux GFAAS - As,Pb,Se
-HCI reflux
-filtered
11 -1.0¢g FAAS - Cd,Cr,Cu,Pb,Zn
"HN03
-open beaker
-HNO,/H,0,
-filtered
12 0.2¢g GFAAS - Ag,Al,As,Cd,Cr,
-HNO, Pb,Se,Sn
~closed vessel FAAS - Fe,Zn
13 075 ¢ GFAAS - Ag,Cr,Pb
-HNO, ICP - As,Al,Cu,Cd,Fe,Zn
~closed vessel, microwave heating | HGAAS - Se
14 03¢g GFAAS - Ag,As,Cd,Pb,Sn,Se
~-HNO, \ FAAS - Al,Cu,Fe,Zn
—closed vessel, microwave heating '
15 -HNO,/HF/HCLO, FAAS - Cu,Pb,Cd,Cr,Fe,Mn,Al
HGAAS - As,Se,Sb '
16 05¢ ICP - Cr,Cu,Zn
-HNO, reflux GFAAS - As,Cd,Se,Pb
-H,0,
-HCl
17 05¢g GFAAS - Ag,Cr,Cu,As,
-HNO,/H,0, Se,Cd,Pb
-closed vessel, microwave heating | HGAAS - Sn
FAAS - Al,Fe,Zn
18 -0.25 ¢ GFAAS - Ag,Al,As,Cd,Cr,Cu,
-HNO,/HCLO, Fe,Pb,Se,Zn
~closed vessel, microwave heating
19 -1.0¢g FAAS - Al,Fe

_HNO,/H,0/H,0,

GFAAS - As,Cd,Cr,Pb,Se,Sn




D-6

Lab. # Biological Dissolution Procedure Instrumentation

20 03¢ GFAAS - Ag
-HNO, XRF - As,Cu,Fe,Se,Zn
—closed vessel, microwave heating ICPMS - Sn,Al,Cd,Cr,Pb

21 05¢g ICP - Al,Cr,Cu,Fe,Zn,
-HNO,/H,0, GFAAS - As,Cd,Se,Sn,Pb
-open beaker

22 -05¢g GFAAS - Cd,Pb
_I'm03/ H202
-open beaker

23 02¢g
‘HNO3
-open vessel, microwave heating
-closed vessel, microwave heating

24 -not determined

25 -not determined

26 -1.0g GFAAS - As,Cd,Pb,Se,Sn,Ag
-HNO;/H,0, ICP - ALSb
—-open vessel

27 -HNO, (Se), HNOy/HCLO, (As) ICPMS - Al,Fe,Cu,Zn,Ag,Cd,Pb
or HNO, HGAAS - As,Se
-closed vessel, microwave heating GFAAS - Cr

28

29

30 -0.25¢g IDICPMS - Ag,Cr,Cu,Pb,
~-HNO,/HF/HCLO, Zn,Cd,Sn,
~closed vessel, microwave heating | ICP - Al,Fe

31 0.25¢g GFAAS - Ag,Cr,Cu,Pb,As,Se
-HNO,/HF/HCLO, FAAS - AlFe

-closed vessel, microwave heating

ICP - Zn




Digestion Procedures for Mercury Determination

Lab. # Sediment Analysis Biological Analysis
1 0.4¢g -4:1 H,S0,:BNO,
-10 I'l'lL I'INO3 "K28208
-closed vessel, microwave heating
-KMNO,,K;5,0;
2 -not determined
3 -02¢g 05¢g
-HNO,; H,S0,, KMNQ, -HNO;, H,SO,
-autoclaved 121 °C -waterbath 60°C for 2 hr.
4
5 -not determined -HNO,/HCI/H,SO,
6 -not determined
7 -1.0g 05¢g
-HNO, : -same as sediment
-closed vessel, microwave heating
8 -0.25¢g -same as sediment
-HNQ; reflux
9 0.2¢g -not determined
-ANO,/HCI/H,O
-KMnO;
10 02¢g -same as sediment
-H,S0,, HNO,, KMNO,,K,S,0;
11 -not determined 20¢g
-HNO,, H,S0,
-waterbath 70°C, filter
-KMNOQO,, K,5,0,
12 -0.4 02¢g
‘HNO3,HQSO4,KMNO4,K28203 ~-Same as sediment
13 -05¢g -same as sediment
'HNO3, H202

“KMNO,,K,S,0,




Lab. # Sediment Analysis Biological Analysis
14 -HF,HCI,HNO, -same as sediment
15 -HCIL,HNO, -not determined
16 03¢g -same as sediment

-H,S0,,HNO,
-waterbath 30 min @ 60°C
-KNINO4
17
18 -not determined 03¢
-HNO;, HCIO;
-closed vessel.microwave heating
19 -KMNO,,K,S,04 -same as sediment
20 02¢g 03¢
-HNO,, HE, HCIO, -HNO,
-microwave heating
23 05¢g -same as sediment
-V,0; catalysed HNO,
22 05¢g .
-H,50,, H,0,, KMNO,
23
24 -not determined
25 -not determined -not determined
26 -10¢g -not determined
-HNQO,
-hot plate, open vessel
27 0.7g -not determined
-HNO;,HCl
-2 hr. steam bath
28 -not determined
29
31 -0.25 ¢ -1.0g
'HNO3/HCLO4/H2804 'HNO3/HCLO4/H25 04




APPENDIX E
TABLE E-1 o
Comparison of Previous Participants to New Participants
Sediments
Previous New Accepted or
Element Sample Participants, Participants, Certified
mg/kg mg/kg value, mg/kg
Sediment N | 5.37 + 0.56.(%) 2.72 £ 2.19 (12) 527 £ 1.30
Al(%) BCSS-1 6.28 4+ 0.41 (7) 3.12 £ 2.41 (11) 6.26 4 041
Sediment N | 62.1 4 7.2 (11) 41.9 4 16.7 (13) 63.1 + 15.7
o BCSS-1 115 £ 17 (8) 59 + 29 (13) 123 + 14
Sediment N | 491 4 43 (11) 369 + 139 (9) 495 + 103
Mn BCSS-1 228 + 10 (8) 201 +31(9) 229 + 15
Sediment N | 2.95 + 0.21°(10) 2.67 + 0.37 (12) 2.97 + 0.40
Fe(#) BCSS-1 3.04 + 0.44 (9) 2.74 + 0.47 (10) 3.28 + 0.14
Sediment N | 132 + 11 (11) 115 + 28 (15) 129 + 26
o BCSS-1 18.8 + 2.3 (9) 16.8 + 5.4 (14) 18.5 + 2.7
Sediment N | 336 + 16 (I11) 311 4 35 (12) 325 +£ 55
o BCSS-1 131 + 60 9) 105 + 19 (13) 119 + 12
Sediment N | 21.2 + 4.4 (9) 18.5 + 3.1 (11) 19.8 + 5.8
As BCSS-1 104 £ 150 9.02 £+ 3.57 (10) 11.1 + 1.4
Sediment N | 1.47 £ 0.23 (6) 1.10 £+ 0.61 (9) 1.54 £+ 0.70
> BCSS-1 0.48 £ 0.06 (4) 0.45 + 0.13 (4) 0.43 + 0.06
Sediment N | 2.31 1 0.44 (10) 2.16 + 0.67 (14) 2.03 + 0.58
« BCSS-1 0.279 £ 0.128 (8) 0.269 + 0.129 (11) 0.25 + 0.04
Sediment N | 63 + 14 (9) 54 + 15@) 65.4 + 19.1
Sn BCSS-1 1.93 + 0.44 (7) 1.41 + 0.67 (7) 1.85 + 0.20
Hg Sediment N 1.47 + 1.32°(8) 1.24 4+ 0.26 (14) 1.34 £ 0.47
BCSS-1 0.163 + 0.044 (7) 0.179 £ 0.057 (13) 0.174 + 0.031
Sediment N | 193 + 69 (9) 196 + 55 (14) 211 + 46
i BCSS-1 229 +2.1(9) 22.8 + 6.4 (14) 227+ 34




E-2

TABLE E-2
Comparison of Previous Participants to New Participants
Biological Tissues
Previous New Accepted or
Element Sample Participants, Participants, Certified
mg/kg mg/kg value, mg/kg
Al Mussel P 645 + 276 (8) 307 + 125 (8) -
SRM 1566a | 95 + 62 (6) 62 + 30 (6) 202.5 + 12.5
Mussel P 2.55 +£0.79 9 1.20 £ 033 (7) 2.52 + 0.75
C SRM -1566a | 2.24 1 0.47 (9) 1.58 + 0.75 (13) 1.43 + 0.46
Mussel P 567 + 109 (8) 460 + 127 (11) 575 + 172
" |'srms66a | 5112640 464 + 96 (7) 539 + 15
u Mussel P 6.93 + 2.24(10) 8.02 + 1.91 (11) 7.81 + 3.07
SRM 1566a | 65.5 + 6.1 (8) 615 +2.009 66.3 + 4.3
- Mussel P 151 4 17.5 (10) 140 4 16 (14 146 1+ 19
SRM 1566a | 807 + 72 (7) 787 + 81 (9) 830 + 55.7
As Musse! P 9.33 +£ 245 (8) 8.79 4 3.06 (13) 8.56 +£ 5.0
SRM 1566a | 12.6 + 2.3 8) 11.4 + 2.2 8) 14+ 1.2
Se Mussel P 3.21 + 0.78 (8) 2.79 + 0.74 (10) 2.86 + 1.20
SRM 1566a | 2.16 + 0.10 (6) 1.93 + 0.48 (6) 2.21 +0.24
Ag Mussel P 0.621 £ 0.093 (9) 0.535 £+ 0.15 (6) 0.587 + 0.257
: SRM 1566a | 1.64 + 0.11 (7) 1.38 + 0.62 (6) 1.68 + 0.15
cd Mussel P 430 £+ 0.44 (%) 3.73 + 0.53 (14) 3.96 + 1.14
SRM 1566a | 4.10 + 0.34 (8) 4.01 + 0.40 (10) 4.15 + 0.38
Sn SRM 1566a | 1.82 + 0.74 (7) 272 + 1,12 (3) 2.18 £ 0.27
He Mussel P 0.165 + 0.075 (8) 0.222 + 0.182 (14) 0.159 + 0.065
SRM 1566a '| 0.0616 + 0.0115 (7} | 0.0634 £ 0.0238 (9) 0.0642 4 .0067
- Mussel P 1.77 & 0.29 (10) 1.87 £+ 0.54 (11) 1.75 + 0.67
SRM 1566a | 0.335 + 0.049 (8) 0.318 4 0.041 (5) 0.371 + 0.014




TABLE E-3

Summary of Statistical Comparison of Means
Between Previous and New Participants

Elomont Sediment Evaluation Biological Evaluation
Sample f test F test Sample t test F test

Sediment N Y Y Mussel P - -
Al BCSS-1 Y Y SRM 1566a N N
Sediment N Y Y Mussel P N N
cr BCSS-1 Y N SRM 1566a N Y
Sediment N Y N Mussel P N N
re BCSS-1 N N SRM 1566a N N
Sediment N N Y Mussel P N N
Cu BCSS-1 N Y SRM 1566a N Y
Sediment N Y Y Mussel P N N
Zn BCSS-1 N Y SRM 1566a N N
Sediment N N N Mussel P N N
As BCSS-1 N Y SRM 1566a N N
Sediment N N Y Mussel P N N
5 BCSS-1 N N SRM 1566a N Y
Sediment N N N Mussel P Y N
« BCSS-1 N N SRM 1566a N N
Sediment N N N Mussel P - -
S BCSS-1 N N SRM 1566a N N
Sediment N N N Mussel P N Y
fe BCSS-1 N N SRM 1566a N Y
Sediment N N N Mussel P N Y
£ BCSS-1 N Y SRM 1566a N N
Mn (sed) Sediment N Y Y Mussel P N N
Ag (bio) BCSS-1| Y Y SRM 1566a | N Y

*1.S. GOVERNMENT PRINTING OFFICE: 1995-286-543/25410 4






