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Abstract

Three marine biological tissue samples (dogfish muscle, scallops, swordfish muscle) were
gistributed to 51 Canadian and 3 American iaboratories, 43 of which submitted results.

Values were collated for the six metals for which all had been asked to analyze: copper, zinc,
arsenic, cadmium, mercury and lead. Most laboratories perform well for copper and zinc at the
concentrations studied. Performance is also generally good for cadmium and lead where the metal
concentrations are respectively greater than a few tenths and several mg/kg of dry tissue.

Less than forty percent of the labs produced satisfactory results for cadmium at the 0.08
mg/kg level in dogfish, and less than twenty-five percent for lead in swordfish at the 0.3 maska
level. Less than fifteen percent could cope with the even lower level of lead in the scallops.

A good part of the difficulty lies in the insufficient sensitivity of flame atomic absorption
and plasma emission procedures for these metals.

Those that analyze for mercury (less than half the participants) generally do weil at leveis
greater than 1 mg/kg but only a small number did well with the scallops sampie at 0.05 mg/kg of
mercury.

About haif the iaboratories submitted results for arsenic with generally good performance.

With but few exceptions, sample preparation techniques appear to be adequate for the six
metals in the three samples. Except for low level mercury and cadmium, performance is comparabie
to recent International Council for the Exploration of the Sea studies.

Results for sodium, calcium, chromium, manganese, iron and nickel are also tabulated.

Resume

Trois échantilons de tissus biologiques marins (muscle de chien de mer, pétoncle et muscle
d’espadon) ont été distribués & 51 laboratoires canadiens et 3 américains, dont 43 ont soumis des
résultats.

Des valeurs furent collationnés pour les six métaux gue I'on avait demandé d’analyser: le
cuivre, le zinc, i arsenic, le cadmiu., '= mercure et le plomb, La plupart des laboratoires réussissent
bien pour le cuive et le zinc, aux concentrations &tudiées. La réussite est aussi, en général, bonne
pour le cadmium et le plomb dont la concentration en métal est supérieure & guelgues diziémes, et
plusieurs miligrammes par kilogramme de tissu sec, respectivement.

Moins du quarante pour cent des laboratoires sont arrivés 3 des résultats satisfaisants
pour le cadmium qui se trouve autour de 0.08 mg/kg dans le chien de mer; et moins de vingt-cing pour
cent ont réussi pour le plomb se situant autour de 0.3 mg/kg dans 'espadon. Moins de quinze pour
cent ont pu descendre 3 la concentration de plomb encore plus basse de 'échantilion de pétonciles.

Une bonne partie des difficultés réside dans la sensibilité insufficiante des méthodes
d’absorption atomique & flamme et d’émission & plasma pour ces métaux.

Ceux qui déterminent le mercure (moins de la moitié des participants) ont généralement de
bons résultats pour des concentrations supérieures a 1 mg/kg, mais seulement un petit nombre a
réussi avec 'échantillon de pétoncles possédant une concentration autour de 0.05 mg/ka.

Environ la moitié des laboratoires ont soumis des résultats pour I'arsenic avec, en général,
un bon rendement.

Sauf guelgues rares exceptions, les techniques de préparation d’échantillon semblent étre
adéquates pour les six.métaux dans les trois échantillons. Mis a part les cas ol les concentrations
de mercure et de cadmium sont basses, les résultats sont comparables & ceux de récentes études
réalisées par le Conseil International pour 'Exploration de la Mer.

On donne également des résuitats pour le sodium, le calcium, le chrome, le manganeése, le fer
et le nickel.



INTRODUCTION

At its eighth meeting in November 1983, the Committee on Marine Analytical Chemistry, the
advisory body to the National Research Council’s Marine Analytical Chemistry Standards Program
(MACSP), recommended the implementation of two Canadian intercomparisor exercises for trace
metals: one to be concerned with marine sediments and the other with biclogical materials. The
purpose of these exercises would be to assess the capabilities of Canadian laboratories and make
recommendations, where needed, for improvements.

The marine sediment intercomparison, designated as NRC MS1/TM, was carried out in 1984
and a final report has been issued as a MACSP document (Berman and Boyko, 1985).

As opposed to marine sediments where there is a necessity to comply with the provisions
of the Ocean Dumping Control Act (ODCA) which controls the dumping of substances harmful to
the marine environment, there is no legal compulsion in Canada toc make measurements of
compositions of marine biological materials. Health and Welfare Canada, within its responisibility to
protect Canadians from poisons and harmful substances through the Food and Drugs Act, issued
maximum toierance levels for heavy metals in marine and freshwater animals in 1970, These were
revoked in 1979, except for mercury which is at 0.5 mg/kg based on a wet weight of total edible
tissue. The identification of areas of increasing deterioration above background is apparently a
voluntary responsibility of Fisheries and Oceans Canada.

To our knowledge, there has been no previous large scale Canadian intercomparison exercise
regarding trace metals in marine biological materials. The only extensive studies to date have been
carried carried out on an international scale by the International Council for the Exploration of
the Sea (ICES) through its Marine Chemistry Working Group, but with little Canadian participation,
ICES is currently in the midst of its seventh exercise for trace metals in biological tissue (Berman,
1984), 1t was hoped that the present study would attract a sufficient mumber of laboratories
across this country so that there would be a good statistical base for conclusions.

PREPARATION OF SAMPLES

Sample D is dogfish muscle material which has been acetone extracted and freeze dried.
This sample had been prepared under the direction of Dr. Robin Law in the Fisheries Laboratory,
Burnham—on~Crouch, England. The trace metal concentrations in this material were rather higher
than originally anticipated but the result was a good sample for this first intercomparison exercise.
Samples E and F were obtained from stocks of marine biological tissues prepared at the Technical
University of Nova Scotia in Halifax for various NRCC MACSP projects. Sample E is prepared
from freshly frozen scallops purchased commercially. The material was thawed, homogenized and
spray dried. Sample F is swordfish muscle. The sample, originally in the form of thick steaks,
was homogenized and spray dried.

These materials were thoroughly blended and packaged in 18-20 gram quantities in 60-ml
bottles. Randomly chosen bottles were analyzed to assess interbottle homogeneity. The
materials appear to be relatively homogeneous with respect to copper, zinc, arsenic, cadmium,
mercury and lead. The homogeniety is largely reflected in the results of Labs 41A and 41B where
replicates were taken from separate bottles.

SAMPLE DISTRIBUTION AND RECEIPT OF RESULTS

The respoﬁse to a preliminary guestionnaire, which promised anonymity to participants,
greatly exceeded expectations. Of some 90 laboratories poiled, §1 Canadian laboratories indicated
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& w::i'ngness to participate in this exercise which was designzteo as NRC MA WCSF BT 1
was AaisS 3 request from tnree Mational QOceanic and Aitmospheric Admimstration MIOAL;
iaboratores in the United States for carticipation.

Zets of samples were sent to these jaboratories in August 1934 with tne deaaline for
receipt Of results set at December i85, The Dartu:lpaﬂt: were acked Lo analyze 6 replhcates of
each sample for the six metais, copper, zinc, amsenic, cadmium, mercury and lead, and to report the
resuits on a “gry weight® basis, not “as r-ermved" R‘esuits for other elaments were weiccme,
Tha lanoratories would uss their methods of chowce.  Oata regarding the analytical proceduras
used were reguested.

Resuits were received from =bout 30 isborateries by mid January, 1935, The O
maile did not heip the accumuiation of results.  “eceipt of resuits was 4|r\all\ cut off B =
of February with forty-tnree iaboratcries participating. A number was assign ed to each of the
respcndents.  Three jaboratories submitted more than one set of resuits for some of the metais

RESULTS

It is pleasing to note that a good majority of the respondents supplied most of the 3ats
reguested of them, These included sample orying techniguss, decomposition and dissolution
cracedures, analytical methodoiogies, calibration techniques and imits of detection for the anasta
siegments.

All results, except = few very cbvious outliers in some sets, were tabulated {pages 2¢& to 48,
The numter of significant figures in submitted data was reduced in many cases o & maximum of
three for tabulation and computation.

An evaluation has been made for the resuits for the six core metals of this study (Cu, Zn,
As, Cd, Hg and Ph). The data has also been tabulated for those elements where thres or more
sets of results were received (Na, Ca, Cr, Mn, Fe, and Ni}.

A £ test at the 95 percent confidence leve! was applied to the means of ail the vaiues
submitted (e.g. Liteanu and Rica, 1980}, Means wera successively rejected (as many as 13 in the
case of copper in Sample F) until @ normally distributed set of wvalues was pbtaired,. This, of
course, impies a normal distribution of results, which may not te a valid assumptiorn. An overail
mean, standard deviation and relative standard deviatior: (RED) were calcuiated for the remaining
values. This mean and stardard deviation are plotted on each graph. The smail discrepancy
sometimes apparent in the RSD is the result of rounding off significant figures in reporting th
mean and standard deviation.

The reason for this approach to the treatment of the data is an attempt to estabiish
reliable consensus values as well as describe the performance of the participants.

An attempt has been made to represent all the data received for the six metals on the
individual graphs for each sample:

The range of results from each laboratory (usually 4} and their mean
are plotted. Two laboratories submitted two sets of results and one
laboratory three sets of results for some of the elements in the
samples. These have been plotted seguentially and the term “labs” in
this section refers to the number of sets of results, not the number
of individual participating laboratories,

A range continued by a forward arrow - beyond the right margin of
the graph indicates that the range exceeds this boundary.



A forward arrow <4 beginning at the right margin indicates that all
values submitted exceed the boundary.

A backward arrow & at the right margin indicates results less than a
limit of detection beyond the boundary.

A backward arrow ¢+ within the graph indicates results less than the
marked limt of detection.

A backward arrow ¢ from the left margin indicates results less than
the boundary value or a limit of detection which is less than this
boundary.

Means marked by a “#” are those that have been retained after the
rejection test and are incorporated into the overall result.
Means marked by a “+” were rejected.

The results of the various calculations are beside each graph. The total range for aj
values reported 1s presented. A mean has been calculated for all quantitative results.

The final means are the consensus values for the concentrations of the six metals in the
three samples for this exercise. And, indeed, they may be good estimates of the real
comcentrations except for mercury and lead in Sample E, where these means may be too high.

The means of the results for copper, zinc, arsenic, cadmium and lead in Samples E and F, and
mercury in Sampies D and F, have been plotted against each other for those labs that submitted
results for both sampies. The means and standard deviations indicated on these graphs are those
calculated after the regection of outlying results. This type of plot (Youden, 1948), if the
concertrations of the metals are not too different, can indicate those laboratories which
consistently produce lower or higher vaiues than the overall mean. Also, those that produce
inrconsistent resulte are readly obvious.

Copper

All but four laboratories submitted results for copper. Summaries of the results for this
element are listed beside the graphs on page 5 and the overall final means and standard deviations
are shown in Table I below. The two numbers in the final column of each table represent the
number of quantitative values submitted and values excluded respectively.

The results for the dogfish sample (D) are quite satisfactory indicating that at least 0
percent of the iabs produce acceptabie values in this matrix at the 6 mg/kg level. At the
concentration range of 1 and 3 mg/kg in Samples E and F respectively the performance
deteriorates with only 65 to 70 percent of the labs within the accepted group, but the interlab
precision of this group is good. The scallops matrix (E) appears to present the greatest

dif ficuity. The copper concentration is not that much lower than in the swordfish (F) but there
15 a significantly greater spread in results.

Table I

Copper Concentrations - mg/kg

Sample D 64 1.0 (17%) 41,3
Sample E 1.2 £ 0.2 (20%) 35, 8

Sample F 2.6 0.3 (13%) 39,10
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42 labs submitted results ranging from 0.3 to 16.4 mg/
ka.

41 labs submitted quantitative values with a range of
0.3 to 16.4 and a mean of 6.0 * 1.6 mg/ka.

A ¢ test rejected the results of 2 of these lats.

The mean of the resuits of the remaining 3€ labs s
6.1 + 1.0 mg/ka. The relative standard deviation is
17 percent.

42 labs submitted results ranging from less than 0.1
to 7.5 mg/ka.

35 labs submitted quantitative values with a range of
0.19 to 7.5 and a mean of 1.7 * 1.2 mg/kg.

A ¢ test rejected the resuits of 8 of these labs.

The mean of the results of the remaining 27 labs is
1,2 + 0.2 mg/kg. The relative standard deviation is
20 percent.

47 |abs submitted results ranging from 0.18 to 9.0 mg/
kg.

39 labs submitted quantitative values with a range of
0.18 to 9.0 and a mean of 2.7 £ 1.0 mg/ka.

A t test rejected the results of 10 of these labs.
The mean of the results of the remaining 29 labs is

2.6 + 0.3 mg/kg. The relative standard deviation is
13 percent.



Three-quarters of the labs (31) empioyed an open beaker digestior: using nitric acid or agy
regia (8), or a combination of nitric acid and ancther oxidizing acid such as sulphuric (3) g
cerchioric (20) acid.  Almost all others used some form of dry ashing procedure. Two labs usg
a cicsed vessel acid decomposition (BOMB). This is in marked contrast to the ICES, largg
European, experience (Berman, 1984) where one-third of the 49 participants employed some forn
of cicsed vessei decomposition.

Slightiv more than half the iabs (22) used flame atomic absorption spectrometry (FAAS) ang
about arother iwenty-five percent (10) used inductively coupled plasma atomic emissioy
spectrometry (ICP) in their measurement procedures (in contrast to the ICES study where only ong
European iab empioyed this technigue). Seventeen percent utilized graphite furnace atome
absorption spectrometry (GF AAS), and one each used eiectroanalytical techmiques (ASV), directf.
currert piasma atomic emission spectrometry (DCP) and isotope dilution mass spectrometry (IDMS),

There is no apparent correlation between performance and methodology as there are
insufficient data for any particular procedure to demonstrate that it is better or worse than any
of the others used by the participants. Seven of the eight regected results for Sample E are
higner than the mean. Six of the eight and ten sets of means rejected for Samples E and F
respectively are from the same lacs. Qddly enough, two of the three labs whose resuits are
rejectes for Sample D do gquite well with the other two samples with lower concentrations.

COPPER E vs COPPERF
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The plot of Sample E against Sample F above shows only one set of erratic results (very
hich for one sample and very low for the other) and aptly demonstrates that the majority of labs
with problems produce high values. This may be indicative of blank control or calibration problems
in these fabs. The fact that Laboratory 3 gets the same high results using two different
measuring techniques may indicate a problem with its copper standards.

The submitted copper data are listed on pages 26 to 29 along with abreviated methodologies.
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Zinc

Only three laboratories did not submit results for zinc. The data for zinc are the best of
all the six metals studied. This is probably a refiection of the relatively high concentrations of
zinc in the samples compared to those of the other five metals. Summaries of the resuits are
jisted beside the graphs on page 8 and the overall fimal means and standard deviations are shown
in Tabie II below.

Table II

Zinc Concentrations - mg/kg

Sample D 27.9 23 (8%) 43,5
Sample E 460 3.0 (%) 43, &
Sample F 340 24 (7%) 43, 3

Sample preparation methods are identical to those for copper.

Metal concentration measurement procedures are also largely similar to those for copper,
except that in probable recognition of the higher zinc concentrations and the good sensitivity of
atomic absorption spectrometry for this metal all but two of the AAS measurements were by flame
atomic absorption spectrometry. Two labs also used inst.rumental neutron activation analysis
(INAA} which requires no sample decomposition.

ZINCE vs ZINC F
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Again there is'no apparent relation between performance and methodology. Three of the
seven and four sets of means rejected respectively for Samples E and F are from the same labs.
Two of these three laboratories also have problems with copper.  Also, the scallops matrix (E), as
with copper, appears to present greater problems than the other two matrices in that there were
more rejected resuits for this material in spite of the comparatively similar concentrations.



ZINC DATA

RATORY

LAE

[y

E 2F.a 2.3 pdey
I 38 Labs
= -
et Sample D
: e
: g e
I
- .
. e
P S
e
: e
g T
=
e T
S PRI e
I o N i i | |
5 25 35 45 55

ZINC - Milligrams/kilogram

FEETORY

8]

LAE
1

IRETORY

LAE

- o FET4E £ 3 Pyl
?4 : 37 Lahs
.._..'.'_"_"“' Sample E
D
——tzzzzxtig;:i
B '_—-ﬂ-‘.———'—"—
+ T pe—
- ol
=l
e
bt M 1 :
_ R : e
—
D e
—— _4»-—-'—5
| | il i | |
e <@ S 2] e
ZINC - Milligrams/kilogram
L P—zd4 .8 = 2.4 pa-d
By 4@ Laks
=1 Sample F [
J———
1 -t
piarronny
| :
23 @ 37 44 51

ZINC - Milligrams/kilogram

43 labs submitted results ranging from 15 to 68.4 m
kg.

All labs submitted guantitative values with a mean;
29.8 + 7.2 mg/ka.

A ¢ test rejected the results of 5 of these labs.
The mean of the results of the remaining 38 lal:-s-f;i

27.9 + 2.3 mg/kg. The relative standard deviation
B percent.

43 labs submitted results ranging from 25 to 106 m
ka.

All labs submitted quantitative values with a meant
46,0 + 11.0 mg/ka.

A ¢ test rejected the results of 6 of these labs.
The mean of the results of the remaining 37 labsi

46,0 + 3.0 mg/kg. The relative standard deviation
7 percent.

42 |abs submitted results ranging from 23 to 98.8m
kg.

All labs submitted guantitative values with a8 mean ¢
35.5 + 10.4 mg/kag.

A £ test rejected the resuits of 3 of these labs.
The mean of the results of the remaining 40 iabs!

34,0 + 2.4 mg/kg. The relative standard deviation
7 percent.

m e 3
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The piot of Sample E agamnst Sample F on page 7 shows no sets of erratic resuits.  The
general distribution is mere normal for this type of graph than that encounterad with copper.

The submitted zinc data are iisted on pages 29 to 33 along with atreviated methodoiogies.
Arsenic

Only twenty=-five (less than sixty percent of the participants) subomitteo resuits for arsenic.
Thic is probably indicative of the fact that fewer laboratories rovtinely analyze samples for tnis
metal. Summaries of the resuits for this elemant are listad beside the graphs on page 17 and the
overall final means and standard deviations are shown in Table III beiow., The two numbers in the
firnai column of each table represent the number of guantitative values sutmitied and values
excluded respectively.

TABLE I

Arsenic Concentrations - mg/kg

Sample D 30.8 * 4.2 (14%) 24,5
Sample E 5% £09 (16%) 22,5
Sampie F 40 1.0 (24%) 21,3

The almost universal method of sampie decomposition was to use nitric acid along with some
other oxidizing acid such as sulphuric or perchioric, or a mixture of ail three (although one lab used
only nitric asid and another only hydrochioric acid).  Two labs employed dry ashing procedures ang
one lab used a bomib technigue.

Half of the laboratories utilized a hydride generatiocn method followed by an atomic
absorption spectrometric measurement (HG-AAS) in order to assay the arsenic contents. Thres
labs did direct measurements by GFAAS (one with Ni as a matrix modifier), three used INAA, and
another three generated the hydride and determined the arsenic content using a siiver
diethyldithiocarbamate spectrophotometric grocedure (HG-AgDDC), Four iabs atomized the
arcenic solutions directly into a plasma for spectrometric measurement and a fifth generated the
hydride which was then introduced into the plasma.

Fourteen to twenty-three percent of the results were rejected in order to achieve the
cverall means shown above. Even then, the distribution for sample F 15 very large, a relative
standard deviation of 24 percent representing a range of almost a factor of three from iowest
io highest accepted values.

Two of the three labs which employed the AgDDC procedure produced unacceptable values.
However, one of these labs used oniy @ hydrochioric acid leach to decompose the sampies which is
insufficient to release all the arsenic. All other rejected resuits were from hydride generation
AAS methods, one-third of all values submitted using this technigue.

There is no apparent correlation between sample preparation procedures (except for the
hydrochloric acid leach) and performance. Al rejected results came from five laboratories, three
of which produced popr results for all samples.

The piot of Sample E against Sampie F on page 11 shows no indication of erratic
performance.

The submitted arsenic data are listed on pages 33 to 36 along with abreviated methodologies.
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25 |abs submitted results ranging from less than|
to 1413 mg/kag.

24 iabs submitted quantitative values with a rangeg
0.2 to 113 and a mean of 29.8 * 20.9 mg/ka. -

A ¢ test rejected the results of § of these labs.

The mean of the results of the remaining 19 labs
30.8 £ 4.2 mg/ka. The relative standard deviation )
14 percent.

25 labs submitted results ranging from 0.042 to 3§
mg/kg.

27 |abs submitted quantitative values with a ranget
0.042 to 36.9 and a mean of 6.3 * 7.2 mg/ka.

A ¢ test rejected the results of 5 of these labs.
The mean of the results of the remaining 17 iabs)

5.9 + 0.9 mg/kg. The relative standard deviation|
16 percent.

25 labs submitted results ranging from less than (
to less than 10 ma/kg.

741 {abs submitted quantitative values with a range!
0.106 to 7 and a mean of 3.5 * 1.6 ma/ka.

A ¢ test rejected the results of 3 of these labs.
The mean of the resuits of the remaining 18 labs!

4.0 + 1.0 mg/kg. The relative standard deviation
24 percent.
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Cadmium

Although only 5 laboratories did not submit results for cadmium, there were only 19, 36 and
34 gquantitative values for the three samples respectively. This is due to the inherently low
concentrations of cadmium in these materials and apparent lack of sensitivity in many of the
laboratories’ procedures.

Summaries of the results for this element are listed beside the graphs on page 12 and the
pverall final means and standard deviations are shown in Table IV below.

TABLE 1V

Cadmium Concentrations - mg/kg

Sample D 0.08%+ 0.02 (26%) 19,5
Sample E 0.48% 0.06 (13%) 36,7
Sample F 0.31% 0.06 (19%) 34,4

It is apparent, is spite of the low concentrations, that aimost three-quarters of the
participants can produce valid results at the 0.3 to 0.4 mg/kg level and that about one-third of
them do well even at the 0.08 mg/kg level.
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Sample preparation procedures for cadmium were essentially similar to those described for
copper.

About 40 percent (16) of the participants used flame atomic abscrption spectrometry
(FAAS) and another one-third (14) graphite furnace atomic absorption spectrometry (GFAAS) to
measure the metal concentrations. Nine introduced the metal solutions into a plasma (ICP or DCP},
two employed electreanalytical procedures (ASV) and one used isotope diution mass spectrometry.

However, only three of the sixteen FAAS labs were able to produce a quantitative resuit
for Sample D, and one of these was rejected. There were only two gquantitative values from the
plasma excitation labs for the same sample and both of these were rejected. This indicates that
GFAAS was the sole common and dependable measurement system capable of analysis of these
materials for cadmium at levels less than 0.1 mg/kg. The distribution of accepted results for
Sample D is relatively large (RSD eguals 26 percent) but this must be taken within the context of
the low cadmium concentration and is comparable to results achieved in the ICES study for similar
concentrations in biological tissues.

The situation changes dramatically for concentrations at and above the 0.3 mg/kg level
For these concentrations there were a dozen FAAS and seven plasma sets of guantitative values
for each of Samples D and E with only a few poor values among them. Two of the FAAS
procedures separate and concentrate the cadmium prior to measurement but neither of these labs
submitted guantitative information regarding Sample D.

CADMIUM E vs CADMIUM F
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The above plot of Sample E against Sample F shows no sets of erratic results. However,
laboratories with problems tend towards a high bias. There is no apparent correlation between
methodologies and performance for Samples E and F,

The submitted cadmium data are listed on pages 36 to 3% along with abreviated
methodologies.
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Mercury

Only one-half of the responding laboratories submitted results for mercury.

Summaries of the results for this element are listed beside the grapns on page 14 and the
overall final means and standard deviations are shown in Table V beiow. The results for Sampie
E are bracketted in order to emphasize that the mean of 0.054 mg/kg cannot be considered to be
a reliable estimate of the concentration of mercury in this sampie due to the inordinately large
distribution of values from which it is calculated.

TABLE V

Mercury Concentrations - mg/kg

Sample D 1.84 £ 027 (18%) 20,1
(Sample E 0.054% 0.030 (56%) 14,0)
Sample F 4,38 £ 0.67 (15%) 20,3

All participants decomposed the samples using an oxidizing acid medium. These ranged from
simple agua regia to mixtures of nitric with sulphuric and/or perchioric acid and other aoxidants
such as persulphate, dichromate or permanganate.

The universal method of measurement (except for one lab) was cold vapour atomic
absorption spectrometry (CVAAS) following reduction of the mercury in solution, usually by a tin
(II) compound or in a few cases by sodium borohydride. One laboratory used inductively coupled
plasma atomic emission (ICP) but did not report quantitative values.

MERCURY D vs MERCURY F
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The results for Samples D and F are good, indicating that the great majority of the lapg
that analyze for mercury do well at levels above 1 mg/kg. Performance for Sample E jg
disappointing, especiaily in view of the relatively good performance at this concentration leve| iy
the ICES study. The distribution of results from the fourteen labs is such that none of thg
values were rejected by the £ test. This is an example of a situation where there is jusg
insufficient data to draw reliable conclusions. Intuitively, we feel that the concentration o
mercury in Sample E is between (.03 and 0.04 mg/kg but this cannot be substantiated by the datg
at hand.

The mercury concentrations in Samples E and F are too disparate to warrant their plotting
in the Youden manner. For this reason the piot of Sample D against Sample F is displayed on page
15,  Only one lab seems to be consistently low for both samples.

The submitted mercury data are listed on pages 39 to 42 along with abreviateg
methodologies.

Lead

Although 40 Iaboratories submitted quantitative results for lead in Sample D, there were only
20 and 23 guantitative sets of values for the other two samples respectively. This is due to the
inherently low concentrations of lead in the iatter materiais and an apparent lack of sensitivity
in many of the iaboratories’ procedures.

Summaries of the resuits for this element are listed beside the graphs on page 17 and the
overall finai means and standard deviations are shown in Table VI below. The results for Sample
E are bracketted in order to emphasize that the mean of 0.24 mg/kg cannot be considered to be
a reliable estimate of the concentration of mercury in this sample due to the inordinately large
distribution of values from which it is calculated.

TABLE VI

Lead Concentrations - mg/kg

Sampie D %0 *241 (24%) 40,5
(Sample E 0.24 £ 0,42 (86%) 20,9)
Sampie F 0.24 £ 0.06 (26%) 23,10

Sample decomposition procedures are essentially identical to those used for copper, |

More than one-third (15) of the participants used flame atomic absorption spectrometry
(F AAS) and about another third (13) graphite furnace atomic absorption spectrometry (GFAAS) in
order to measure the lead concentrations in solution. Nine Iabs used plasma technigues (8 ICP and
1 DCP), two employed electroanalytical methods and one isotope dilution mass spectrometry
{IDMS). Three of the iabs that employed FAAS concentrated the lead by chelation/solvent |
extraction prior to determination,

Results for Sampie D are fair, indicating that the majority of the participants can analyze
for lead in fish muscle at the 10 mg/kg level.

Seven labs utilizing FAAS without prior preconcentration of the lead submitted gquantitative
values for Samples E and F. Ail of these were rejected by the £ test. One of the three that
preconcentrated the lead was rejected for Sample F.
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41 labs submitted results ranging from 0.33 to 73,5
ma/kg.

40 labs submitted quantitative values with a range of
0.33 to 73.5 and a mean of 10.0 £ 9.6 mg/kg.

A ¢ test rejected the results of 5 of these labs.
The mean of the resuits of the remaining 35 labs is

9.0 + 2.1 ma/kg. The relative standard deviation s
24 percent.

41 labs submitted resuits rangirg from less than G.05
to 64.6 mg/ka.

70 labs submitted guantitative values with a range of
0.05 to 64.6 and a mean of 4.43 £ 13.43 mg/kg.

A ¢ test rejected the results of 9 of these iabs.
The mean of the results of the remaining 11 labs is

0.24 * 0.12 mg/kg. The relative standard deviation
is 56 percent.

41 labs submitted results ranging from less than 0.05
to 60.5 mg/ka.

23 labs submitted quantitative values with a range of
0.42 to 60.5 and a mean of 3.52 £ 11.33 mg/kag.

A ¢ test rejected the results of 10 of these labs.
The mean of the results of the remaining 13 labs is

0.24 + 0.06 mg/kg. The relative standard deviation
is 26 percent.
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There were no quantitative ICP results for Sample E and only one for Sample F, which W
rejected. There was one DCP result for each of these samples. The value submitted for Sample'
E was rejected,

This leaves six and eight GFAAS values for the two samples respectively, of which nong
were rejected. One of the two ASV results survived for each sample as well as the IDMS results,

Tre obvious conciusion is that FAAS, ICF ard DCP methods are, in general, not Sensitiyg
eriough to determine lead in biological tissues when the concentration is less than 1 mg/kg unlegs
there is prior preconcentration. This is in line with earlier findings with respect to FAAS in ICEg
studies (Topping, 1782, Harms et. al., 1982},
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Wny is the distribution of results for Sample E so much worse than that for Sample F even
though the concentrations of lead in both are apparently very close? There is no evidence from
trne submitted data that Sample E is less homogeneous with respect to lead than than Sampie F.
We believe that the true value for the concentration of lead in this sampie is probably closer to
0.1 mg/kg (as indicated by the stable isotope dilution mass spectrometric results), a level at which
the sensitivity and blank problems in many labs may outweigh their ability to provide reliable results.
More data are needed substantiate this argument.

The submitted data for lead are listed on pages 42 to 45 along with abreviated
methodologies.

Other Metals

Results for 25 other metals were received. For nineteen of these there were only one or two
results. The means and standard deviations were calculated for the remaining six elements (sodium, calcium,
chromium, manganese, iron and nickel).  The £ test was not applied to these data. These are listed on the
following pages in Tables VII to XII. The submitted data are on pages 46 to 48. Note that the sodium
concentrations are in percent.
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TABLE VI
Ne Sodium Concentrations - percent
-5,
n=3
ve
isg
z Sample D 0.303 £ 0.042 { 4%)
Sample E 1.09 = 0.0 (9%)
Sample F 0.304 + 0.014 ( 5%)
TABLE VIII
Calcium Concentrations - mg/kg
n=3
Sample D 288 £ 7 { 3%)
l Sample E B2 * 35 (6%)
Sample F 231 + 46 (20%)
n
m
TABLE IX
0
h Chromium Concentrations - mg/kg
5
n=4
d
Sample D 0.86 * 0.28 (32%,
Sample E 1,02 = 043 (13%)
o Sample F 1.36 + 0.35 (26%)
I’ 1
i The chromium results for Sample D from lab 34 were arbitrarily removed from the above

calculations, There are only 5 sets of results for this sample.
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TABLE X

Manganese Concentrations - mg/kg

=4
Sample D 3.94 % 0.95 (24%)
Sample E 0.88 * 0.20 (23%)
Sample F 0.51 + 0.09 (19%)
TABLE X1

Iron Concentrations - mg/kg

n=é
Sample D 125 =+ 9 (7%)
Sample E 16.2 = 1.0 (&%)
Sample F 29.2 2 23 (8%)
TABLE X1

Nickel Concentrations - mg/kg

n=3
Sample D 237 + 146 (49%)
Sample E 1.23 & 0.59 (48%)
Sample F 140 * 0.33 (30%)

There are too few results for any of the above metals to warrant serious general
conclusions. The sodium and iron results for all samples and the calcium concentrations for
Samples D and E are probably valid concensus values.



SUMMARIES

The results for the six core metals in the three samples are summarized in Table XIII on page

Table XIV on page 25 is an attempt to show the pattern of results achieved oy each
jaboratory for the six metals in the three samples,

The list of participating Iaboratories is on pages 22 and 23.

CONCLUSIONS

This exercise has demonstrated that the good magority of the participants can produce
comparable and accurate data for the trace metals copper and zinc at levels found in marine
piological tissues. There are also generally good capabilities for cadmium and fair for lead whera
the respective metal concentrations are greater than a few tenths and several miligrams per
kilogram of tissue,

Less than half of the labs (19) produced guantitative results for cadmium at the 0.08 mg/
kg level. Three guarters of these were quite satisfactory. Flame atomic absorption and plasma
emission spectrometric technigues are generally not sensitive emough for this concentration for
cadgmium.

Also, orly about half the labs (20-23) submitted quantitative values for lead at the less than
0.3 mg/kg level. Of these, only about one half (13) produced valid results for lead in Sample F and,
we feel, about six labs for lead in Sample E whose comncentration may be around the 0.1 mg/kg
level. As in the case of cadmium, the flame atomic absorption and plasma emission methods are not
sensitive enough to analyze for lead at these concentrations without prior concentration.

Less than sixty percent of the participants generally analyze for arsenic, However,the
maJjority of these can apparently analyze for this element at the concentrations present in marine
biclogical tissues.

Less than fifty percent of the labs submitting results analyzed the samples for mercury.
Performance was very good at levels greater than one mg/kg of mercury but only atcut a third
of these were able to cope with the low level mercury concentration of less than 0.05 mg/kg in the
scallops sample (E).

The mercury and iead means calculated for Sample E should not be considered as reiiaole
estimates of the concenirations of these metals in the sample. Other consensus means are
probably fairly reliable concentration estimates,

Sample preparation techniques used by the participants, with but few exceptions, appear to
be adequate for the six metals in marine bioclogical tissues. It is possible that there are
contamination prablems in some laboratories that obviate good lead and cadmium anaiyses at the
levels of occurance in the scallops sample.
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GAMPLE E

Toiai range
ko, of iabs

Tiuant, values
Ng, of 2bs
Mean

Afier ¢ test
No. of labs
Mear:

RSD

SAMPLE F

Total range
No. of labs

Guant, values
No. of igbs
Mean

After £ test
No. of labs
Mean

RSD

Copper

0.48-%
42

0.48-9
39
271210

1-3.68
2.6+03
13%

TABLE XIII

SUMMARY OF RESULTS

miligrame per kilogram

zinc
15-68.4
43

15-68.4
43
98472

18-50

38
21923
g%

Znc

25-106
43

25-106
43
46,0 + 110

33.7-57.5
27
46,0 * 3.0
7%

Zinc

23-98.8
43

23-98.9
43
35.5 £ 10.4

26.9-43.8
40
34.0% 24
%

Arsenic

<0.1-143
25

0.2-113
24
29.8 £ 20.9

20.5-42.2
19

30.8 % 4.2
14%

Arsenic

0.042-36.9
25

0.042-36.9

-
22

6372

Arsenic

<0.4-<10
25

0.106-7
21
35% 1.8

1.2-7
18

40 £ 1.0
24%

Cadmium Mercury
{0.02-4.4 £.88-<4

41 21
0.04-4.4 {.B8-2.49
19 |

0,32 £ 0.24 1.80 £ 0,32
0.040-0.25 0.88-2.49
14 19

0,08 + 0.02

6%

1.84 £ 0.27
15%

Cadmium [Mercury
0.03-5.4 <0.01-<4

42 20

0.03-5.4 0.018-0.13
36 14
0.64£0,73  0.054 £ 0.030
0.2-0.84 0.018-0.08
29 14

0.48 * 0.06 {0.054 * 0.030;
13% 56%
Cadmium Mercury
€0.02-4.2 1.47-6.59

41 21

0.48-4.2 1.47-6.59

34 20

0.44 £ 0.63 4,03 £ 1.07
0.18-0.54 3.0-6.59

30 17

0.31 £ 0.06 4,38  0.67
19% 15%

Lead

€0.05-64.6
41

0.05-64.6
20
4,43 % 1343

0.05-0.603
11

{021 2042
56%

Lead

<0.05-60.5
41

0,42-60.5
23
3.52 £14.33

0.12-0.4
13

0.24 £ 0.06
26%




=

-
VONOGADWWN- \m
W T o

—
Q

L
3 -

“

LT N S Sy S
ONOA bW

194
198
20
21
2z
23
24
25
26
27
28
29
30
31
32
33
34
35
3é
37
38
39
40
41A
41B
41icC
42
43

*i

LD
RT

Copper anc
EFE KR X¥ *%
¥ KW X% *%
x% RT *=x *%
XX X¥ E¥ *%
*¥ RT RT * %
*% LD RT * %
%% XE H¥ *%
*¥% RT RT ¥* %
EE KX X *%
X¥ XX ¥¥ * %
** LD LD x¥%
—_— —— - *%
*% *¥% RT RT
XE KX X¥® *%
XX XX X¥ *%
EE EE X® *%
E¥ EE X¥ *%
RT LD RT -=
*% RT *» *¥
%% LD %% *%
X% XN ¥* *%
EH EE E® * %
XE EF ®® * %
*E XX X% *%

RT %% % RT
E¥ KW X® *%
*% LD LD * %
RT *x %% *%
LD LD LD *%
*¥% RT RT * %
XE KE XX *%
XX XX X% RT
—_— = - *%
XX KX X% *%
HE KW X *%
*¥ RT RT *%
¥*%¥ RT RT RT
*% LD %= *%
XE KE X® *%
EE XW X¥ *%
XH KX XR *%
Xk KX XX *%
*% *¥ RT *%

TABLE X1V

Arsenic

RT
*%
*%
*%
*%
%%

RT
*%
*%
* %
*%
*%

Results reported and accepted by a ¢ test.
Results reported but less than a limit of determination.
Results reported but rejected by a ¢ test.

No results reported.

PATTERN OF RESULTS

C admiurn

LD
* %

LD

RT
*3%
*3%
LD
LD
*%
RT
%%
RT
LD

LD
RT
*%
* %
* %
* %
LD
* %
*%
* %
LD
*%
*%
*%
RT
* %
* %
* %
* %
* %
LD
RT
RT
RT
*%
RT
* %
* %
* %
%%
%%

*%
*%
*%
*%
LD
LD
*%

¥* %
¥* %

RT
*3%

LD
*%
%%

Mercury Lead

XX HX K¥ RT LD
XE KX X% *¥ LD
XE KX E® *% X
—-_— == == *% LD
X% EX ¥¥ *¥% LD
XX XX X% *% LD
*% LD %% *% RT
*¥% %% RT *x LD
%% %% RT % LD
*% LD %% *% LD
—_— - - *% RT
% X% EX *% *¥
-— —— == *% LD
-— = - *% LD
XX KX E® *% H¥
XX X E¥ *x LD
—_ - - *% X%
*E XX E¥ X% X¥
x% LD %% *% LD
-— = - *% LD
-_— == == *%x RT
-— —= = RT RT
-— —— == *¥ RT
*% LD %% *% RT
- = —- LD LD
-— —= - RT LD
E¥R —— XX *% RT
_— = - %% *¥
—— .- == *¥% ¥¥
LD LD LD *%¥ LD
—_—— - —— *% LD
—_ —— - *¥ X%
-_— = - RT LD
—_— —— == XE X%
RT LD RT x% RT
XX XX XX *¥% LD
¥ EH ¥ X ¥R
- == == *% LD
—_— - - X% XN
XX KX XX *% LD
-_— == == RT RT

LD



1o Mean RSO
1
7.3 15.7
1.0 0.0
3.0 0.0
&.F 131
1.3 15,8
Z.8 2
34
6.8 10.2
1.9 10,0
2.3 6.7
2B
7.0 1G.6
1.7 ¢.e
3.2 E.E
4
1.5 24.8
4,7k B.E
B.487 11,1
5
5.0 12.6
1.5% 3&.5
6
5.6 16.9
1.3 10.9
2.8 19.5
7
Tl .1
3,187 7.4
4,18 8.1
8
5.6 5.8
1.7 1.3
2.4 1.9
g
5.7 4.0
1.2 &1
2. 8.9
10
57 241
11
1z
7.2 8.7
1.4 391
4.0%7 22.4

COPPER DATA

HCI-HNO3-HCIOy/HF —HCI-F AAS
8 8 &

1 1 1

3 3 3

HNO3=HCIO,~FAAS

63 42 51 &5 7.2 1.5
1.5 13 40 1.2 1.5 1.5
25 26 29 30 29 2
BOMB/HNO;/HCIO.-GF AAS

69 WO 79 &0 61 bb
19 1.9 24 1.8 21 16
34 32 30 35 30 3.4
EIOMB/HNO,/HCIO-1CP

727 4 66 59 1.5 65
15 1.9 1.5 1.7 1.6 1.8
35 30 3.2 3.2 34 34
HNOa/HCIO,-F AAS
57 &5 65 106 68 89
42 44 51 50 43 49
54 45 56 57 63 54

HNO3-HCIQy-FAAS
E 4 66 & § §
Less than 1

22 1 1 1 2

“

HNO3/HCIOy/Mg(NO3);~HCI-F AAS

50 7.3 48 &2 51 54

11 13 15 1.3 12 14

26 32 25 24 25 38
HNO3=-HCIDy-F AAS

B.Z24 6,96 6,38 666 692 128
3.09 346 352 288 3.20 272
441 441 427 442 370 370
HNO3/HCIG-ICP

524 499 5,45 572 5.7 555
1.64 169 146 1463 1.64 164
251 242 245 244 247 237
HNO3-GF AAS

5464 595 5.83 eyt

149 422 149 126 1.05 116
237 271 2462 296 244 233
HNOB/stoq'Hgoz'FAAS

6 6 6 6 7T 3

Less than 2

L.ess than 2

NO DATA

DRY ASH=-HNO3/HCI/HCIOy-F AAS
T 7T 8 7T 1 7

2 1 414 2 1

5 5 4 4 3 3




Lab Mean RSD
13

ES5 3.3

1.3 8.4

2.1 g.2
14

6.1 14,3

1.4 11.8

.5 41
15

5.5 17.4

1.4 31.3

2.5 9.9
16

4.4 g8.5

0.9 32.2

1.9 6.9
17

0.481 20.9

0.281 3B.b
18

4.0 6.0

2048 8.3

3.2 7.7
19A

4.4 Z6.6

2.2 39.6
103
20

4.0 18.8

1.3 31.6

3.0 22.4
21

52 11.2

1.4 17.0

2.3 8.1
22

74 19.1

1.0 14.5

2.8 1.2
23

8.3 20.4

1.3 19.7

2.9 8.2
24

7. 5.6

7.4 5.7

4.9/ 7.5

COFPFPER DATA

H'\IC’B/HISO;-H;OZ-F'A\IA\S

57 &6 53 53 57 55
1.2 13 143 41 4Z 14
4 20 23 i 20 20
HNO;=DRY ASH-HNG;~ICF

50 646 54 55 b6 1.2
1.2 43 1.0 10 12

25 25 2.4 27 26 25

HNO3-DRY ASH-HNO;-ICP

58 170 42 B5Z 49 56
11 14 44 ZZz 1.3 14
28 24 EEF 24&6 24 2.3
HNO,-FAAS

39 48 42 47 4.3

1.3 40 GE 40 007 07
18 418 20 20 2.4 1.8
HNCi3-H,0,-HNO;-GF AAS

c48 G026 030 0F4 038
Less than 0.1

021 020 0.2 048 0.41

HNO;‘HC]OQ-FAAE

F44 E£.95 .28 B5.%7%  6.39
225 225 193 193 .24
308 297 3461 349 3.08
PLASMA, ASH-HCI-ICF

36 30 44 64 45 4.5
Less than 0.4

39 418 18 419 45 23

NO DATA

HNO;-HCIO4-F AAS

448 551 647 599 76
127 134 1.82 081

346 368 231 255
HNC;-DRY ASH-HNO:-FAAS
540 632 471 485 5.12
150 134 1.89 426 1.26
249 250 245 245 221
HNO3-H,0,-1CP

7.80 578 932 450 7.20
097 085 102 088 1.21
3.01 254 245 2.80 3.00

HNO;-FAAS

112 744 7747 651 9.09
119 146 120 119 1.30
284 285 2.61 267 3.04
HNO;‘HNO;/HzSOq—HNO;'FAAS
73 B84 vE T 69 U5
69 64 W5 74 7.0 7.3
51 50 43 47 B2 45

4,98
1.32
2.08

5.82
3.04
8.21

1.83
24



L_ab Mean RSD
=5
1447 46,2
1.5 13.3
2.& 13.3
26
£.8 15.0
0.7 18.2
2.5 17.2
4,4 11.3
=B
2.9 201
1.1 24,3
2.2 45,7
]
30
5.4 13.2
24K 20.2
4,081 16.8
21
5.4 127
1.4 14,8
2.3 7.2
5.9 13.6
141 36.6
2.5 214
33
=4
35
36
4.5 10.0
1.2 13.4
2.7 10.1
37
5.2 20.6
0.8 3.6
2.8 258
38
1.8 7.6
0.281 14.0
0.3 13.9

COPPER DATA

HND:_;/HCIC‘QI/HESDQ-DCF'

164 &3 10.3

1.7 1.3 1E

28 2.8 Lz
HNO3/H; 504 -HNO3-H,;0,-F AAS

74 BB7T 537 490 1744 5.44
0.84 068 0657 0.89 059 076
1,78 244 2,81 244 322 27
AQUA REGIA-H,BO.-FAAS

50 38 47 446 38 4.3
Less than 1.5

Less than 1.5

HMC3/H; S04 —HNO3-H,0,-GF ALE
1.94 375 305 290 285 272
129 441 161 097 (0.88 079
343 3468 4122 137 178 1.464

DRY ABH-HNQ;-FAAS

l_ess than 8

Less than 1

ress than 3
HNO3-HCIO-ICF

61 64 B4 &0 7.8

27 24 20 416 20 417
34 38 38 34 50 4.7

DRY ASH-HNO;-F AAS
696 556 495 729 6.08 538
136 153 470 136 1.87 1.87
291 74 308 257 274 2,57
HNO3=HCIO,~ICP

64 49 50 LB &5 6.0

12 045 076 15 1.6 085
30 24 29 20 18 3.0

NO DATA
NO DATA
NO DATA

ORY ASH=-HNO3;/HCIOs-HNOy~ASYV
591 7.49 673 598 682 591
136 4147 118 140 146 111
276 .61 253 326 262 256
PLASMA ASH-HNC;-HCIOy-FAAS
4,40 bB.69 4,09 475 510 703
0980 41.055 0.836 0.938 0.276
203 4.99 374 342 294 259

HNO3/HCIOy-GF AAS
788 7.19 672 .49 851 808
0.26 026 025 049 020 021
032 034 030 031 029 022

0.642




COPPER DATA

Lab Mean RSD

L4

39 HNO:-F AAS
6.7 - 6.7
3.5% - 3.5
1.6%7 -— 1.6
40 HNOQ;-HCIO4-ICP
4.2 18.1 5 4 3 4 5 4
———- - Less than 1
2.0 3.6 i 2 2 3 2 2
414 FUMING HNO;-HNQO3/H,0;-GF AAS
5.9 7.2 600 o602 451 581 587 549
1.2 104 1.23 4145 4.28 145 41,04 1.39
2.8 13.3 283 351 2,30 ZBe 253 244
418 DRY ASBH-HNO;-ICP
5.2 6.3 R4 59 5B 6Bé6 AF 6.3
1.2 1914 1.00 143 4106 099 453 1.23
2.6 10.4 25 25 30 Z3 29 258
44C HNO3;-EFP-IDMS
51 5.4 5,64 508 4,99 499 504
3.9 3.8 098 091 091 091
2.7 5.2 283 2.9 255
42 HNO3-HCIOy/H,S04—GF A AS
&.4 28.0 50 74 9.0 48 48 1.6
1.3 13.3 1.5 14 413 4141 4.3
2.6 4.9 26 27 2F 25 25 28
43 HNO;-H,0,-FAAS
7.5 23.5 11 7 7 1 7 6
1.5 3&.5 2 2 1 1 2 1
4,08 57.6 3 2 3 4 3 @9
ZINC DATA
Lab Mean RSD
1 HCI-HNO;-HCIO4/HF -HCI-F AAS
25.7 8.1 25 2B 24
44.0 2.2 47 46 45
33.3 4.6 33 35 32
2 HNO,-HCIOy-F AAS
28.6 3.6 2885 27 28 29 30 29
49.2 Z. 48 B0 49 48 B0 50
37.5 2.8 38 37 36 37 39 38
3A BOMB/HNO3/HCIOy-F AAS
324 '+ 5.4 329 304 308 350 320 345
46.4 1.6 45,8  47.2 4462 47.2 464 4546

361 1.0 364 355 366 3641 360 360

|




3.

ZINC DAaT.Aa
Lab Mean RSD
g BOMB/HNC3/HCIO-ICP
31.3 4,3 330 308 308 294 320 3320
446.8 2.3 459 472 46,7 4B.6 455 447
35.7 1.1 3&E5  35.4 362 362 353 354
4 HNO3/HCIOy-FAAS
28.9 10.8 282 326 262 268 265 330
44.0 &0 46,7 46,7 454 456 468 444
35.0 1.6 354 352 354 357 345 340
5 HND;‘HCIOQ"FAAS
253 8.2 26 23 28 27 28 23
36,367 4.1 35 37 37 3B 37 34
30,5 4.0 31 31 31 31 31 28
& HNO3/HCIO4/Mg(NO;);~HCI-F AAS
26,2 14.4 24 30 22 27 23 A
39.3 4.2 39 37 40 3B 41 41
30.0 a1 31 30 30 30 29 30
7 HNO3~HCIOy-FAAS
28.3 1&8.5 288 261 383 2346 254 279
47.8 3.6 448 474 475 50.0 484 487
3G.7 5.3 334 9.4 294 308 29.5 317
8 HNO4/HCIO~ICP
25.8 135 22, 26,6 288 237 30,8 222
47.0 1.5 46,7 465 466 473 46,7 483
34.4 24 347 347 344 335 337 355
9 HNO3-F AAS
28.0 6.9 28.0 275 265 318 27.0 27.2
49,9 1.2 50.6 498 496 498 50.7 494
37.0 2.4 36,9 387 367 364 370 363
10 HNO;/HzSDq‘HzDz-FAAS
25.0 124 21 30 25 23 25 26
44,2 6.8 39 47 43 44 47 45
34.3 9.0 29 38 33 35 35 36
11 INAA
28.8 10.9 28,2 259 295 267 339
49.6 1.3 48.8 495 494 498 50.7 494
35.9 3.6 35,7 337 375 358 3712 354
12 DRY ASH-HNO3/HCI/HCIOy-F AAS
44,78 9.6 50 42 50 41 44 41
28.3% 10,14 29 26 26 26 33 30
33.7 2.4 35 33 33 34 33 34
13 HNO3/H,S04—H;0,~F AAS
32.7 6.9 35 33 33 35 30 30
58.8% 1.7 60 60 58 58 58 59
39.2 4,7 37 37 40 41 41 39
14 HNO3-DRY ASH-HNO;-ICP
27.3 B.7 271 282 30,7 235 284 263
461 1.3 45.3 464 4468 464 455 459
33.7 27 33.5 334 3246 348 348 334




ZINC DATA

Lab Mean RSD

15 HNO;~-DRY ASH-HNO;~ICP
26.5 19.4 34 3 30 20 24 28
42,0 3.7 43 41 40 44 43 41
33.0 3.8 3z 35 33 3z 34 37
16 HNO3-F AAS
217 21,7 19.9 216 309 293 234 360
35,847 1.8 352 354 361 350 352 366
29.4 2.0 2.9 294 306 290 289 29.2
17 NC DATA
1§ HNO3=HCIO,-F AAS
30.0 5.1 28,7 287 292 29.8 314 324
51.4 1.9 B0 514 498 514 524 524
38.7 2.5 393 39.8 393 382 372 382
194 PLASMA, ASH-HCI-ICP
24.7 5 256 6.8 240 224 227 274
49,4 5.4 50,4 462 486 541  43.3 483
36.5 4.4 39.6 255 359 365 351 364
198 NO DATA
20 HNO;=HCIOy-FAAS
31.0 11.3 270 30,7 367 306 30.2
47,0 1.5 AT 477 4T 46T 4L
26.8 .0 380 361 364 368 367
1 HNO;-DRY ASH-HNO;-F AAS
24.4 14,2 24,2 3.8 220 248 300
42,3 3.8 417 404 422 419 450 429
31.1 B.9 353 7.5 330 300 313 294
22 HNO;=H;0;~1CP
23.6 g1 227 44 224 267 220
45,4 4.6 44,2 487 432 450 457
33.0 6.3 324 298 323 327 355 350
23 HNOs-FAAS
29.8 13.4 365 258 293 9.4 28.0
41,0 0.8 41,2 442 405 40.8 441 414
33.4 1.5 335 33.7 330 333 323 342
24 HNO3~HNO3/H;S04-HNO;-F AAS
37,84 5.4 406 38.6 389 354 37.3 340
46,2 11.9 489 496 541 436 399 414
44,501 4.5 46,6 429 474 437 443 422
25 HNO3/HCIOy/H,S04-DCP
36,37 39.8 53 27 29
52.3 7.7 48 53 564
33.3 16.5 36 37 27
26 HNO3/H,804~HNO3—H,0,-F AAS
29.4 4.9 314 8.7 31.0 284 274 293
52,4 12,4 566 48.5 53.6 575 41,0 554
33.4 14,2 269 344 319 332 362 374
27 AGQUA REGIA-H;B0,-FAAS
28.3 10.5 264 30,3 239 324 289 279
44.7 1.0 446 449 442 443 454 449
33.6 1.4 335 544 332 336 337 334
|

[#1]



Lab Mean RSD
28
3:.8 19.5
47.9 9.2
37.5 2.7
29
28.9 251
45.5 1.8
34.1 2.4
20
27.9 9.6
42,2 10,3
33.8 1.4
28.7 5.2
42.0 5.8
32,6 1,7
34,187 1%.5
44,9 &0
34.4 7.9
33
24
277 15.8
45.6 3.4
33.4 4.0
35
36
25,0 44
44,4 4,6
31.2 4,9
27
25.6 8.5
43.6 2.7
33.9 2.9
a8
29.5 17.4
474 4,0
314 4,0
39
&8.4%7 —-—
10647 s
9.0k ——
4C
28.3 9.9
44,7 2.3
31.3 3.9
44A
24.8 10.5
447 2.7
33.3 3.5

ZINC DATA

HNO;/sto4"HNO3-H202-FAAS
27.8 356 274 363 425
51.0 55.6 450 449 45.2
4382 353 34B 373 363

DRY ASH-HNO;-FAAS
42,3 229 270 2246 25
45,2 442 452 460 46,
340 344 344 38 33
HNC3=HCIO4-ICP

277 250 278 268 323
36.4 477 463 413 430
354 37.0 360 310 317

DRY ASH-HNO;-FAAS
297 287 274 =218 27.8
44,3 441 440 435 337
31,9 322 332 344 334
HINO3=HCIQ4~ICP

294 411 374 256 411
42,9 427 425 451 432
324 328 337 381 380

NO DATA

INAA

32,5 244 262 Z21.0 3346
441 475 462 471 444
322 336 3346 3B 324
NG DATA

DRY ASH-HNO3/HCIO4—-HNO3-ASY
250 325.0 232 264 252
484 42,9 433 4326 440
323 20,7 294 3143 304
PLASMA ASH-HNC3-HCIO4—F AAS
237 216 262 223 2641
43,2 45.6 420 43.2 440
319 339 345 341 341

HNO3/HCIO,-GF AAS
275 355 250 363 250

450 475 475 475 50,0
32,5 325 315 3.8 295
HNO;-FAAS

68,4

106

98.8

HNQ,;-HCIO-1CP

26 24 31 29 31 29
46 44 45 43 45 45

31 33 32 37 30 30
FUMING HNO3-HNO3/H,0,-GF AAS
268 244 285 254 247
448 469 432 443 444
337 33.4 344 343 313

38.8

3.2

314
42.4
33.1

0.2
48.2
3.7

22.7
44,2
35.9

24.9
45.6
33.5

297
43.5
34.6

27.5
45.0
30.8

22.3

44.8
32.8




ZINC DATA

Lab Mean RSD
418 DRY ASH-HNQ,-ICF
28.5 8.2 294 269 284 28B4 326 25.8
46,5 1.7 45,7 45,0 446 461 45,3 453
36.4 2 358 37.2 377 36 348 3&5
41C HNO;-EFP-IDMS
279 7.0 24,7 30,2 2646 2B 284 297
42.9 1.3 42,4 42,9 435
341 4.8 318 352 353 342
42 HNO3-HCIO4/H,S04-F AAS
27.0 11.4 28 25 25 2/ 32
43.3 e 43 44 43 43 44 43
32.3 2.5 33 33 32 3¢ 31 33
43 HNO3-H,0,-F AAS
28.5 58.7 15 4148 50 50 19 419
27.8%7 8.6 2B 8 28 26 32 25
23,50 2. 24 Z4 23 23 23 24
ARSENIC DATA
Lab Mean RSD
1 HCI-SnCl;-HG-AgDDC
0,387 34.6 04 04 0.2
g. 7 34.3 07 05 1.0
0.g% 12.5 08 07 0.9
2 HNO3;-HCIQ4~-HG-AAS
26.2 8.3 24,6 260 238 300 27.0 25.8
4.8 3.2 47 44 47 47 49 4.4
31 5.3 31 314 34 33 28 3.0
3A INAA
3514 5.9 33.2 347 377 325 357 370
6.6 6.4 58 69 646 69 69 6.6
4.6 8.7 43 48 47 4.0 50 5.0
3B BOMB/HNO:/HCIO4-1CP
33.5 2.2 33.8 343 328 338 338 32.4
6.8 3.5 69 7.2 69 67 65 67
4.8 3.8 47 50 47 54 4.7 4.7
4 NO DATA
5 HNO3-HCIO4-HG-AAS
23.2 8.2 22,5 22, 205 235 255 250
4,2 10.7 45 49 44 39 38 3.8
2.5 13.4 22 22 29 29 23 27
-] ' HNO3-Ni-GF AAS
32.8 6.8 34 30 31 36 32 34
5.6 22, 64 69 45 4.6
3.9 12.8 39 44 34

[¥1]
V%)




L_ab Mean RSD
7
a
G
316 8.6
5.7 6.4
5.3 9.9
40
32.9 EB
4.5 4.5
44 g.4
14
8.5 6.8
5.8 3.4
3.3 1.6
12
13
4,677 4.6
0.487 146.4
0.4F7 5.3
14
35.5 e
6.7 0.0
4,6 24
15
16
17
18
27.3 16.4
4.7 6.7
3.7 15.6
194
34.5 48
7.3 6.9
6.0 19.2
198
20
21
23
24
z5
10,387 44.4
.28 0.0
21 40,7
26
0.40 8.1
0.2m 38.8
0.z2m 17.8

ARSENIC DATA

NO DATA
NO DATA
HNO3/V305~H,S04/HNO;~HG~AgDDC
355 30,7 273 323 330 310
525 644 582 570

588 449 4.45 558 567 555
HNO3/H, S04 ~HCIO4-HG-ICP

30,5 311 339 345 323 352
66 67 60 67T 65

44 38 35 43 42 45

INAA

361 408 3546 384 423 383
B.66 5.8 414 565 B.B9  5.68B
3.84 3.68 379 3467 377 3.6

NO DATA
HNC’g/HzSOq"HzoZ—HG—AAS

481 4.3 48 431 4.38 4.6°
0.656 0.563 0763 0.788 0.532
0.413 0.407 0375 0.419 0.438
HNO2/Mg(NO3),-DRY ASH-HG-AAS
350 364 367 350 350 350
67 67 &7 6T 6T 6T

45 45 47 45 47 47

NG DATA

NO DATA

NO DATA

HNO3-HCIOy—HG-AAS

281 254 325 227 3285 227
514 471 4.49 4,49 514 449
321 471 340 372 349 393

PLASMA ASH-HCI-ICP

34 35 32 35 34 37
T 7 1 &

5 7 &8 7

NO DATA
NO DATA
NO DATA
NO DATA
NO DATA
NO DATA

HNO3/HCID4/H,S04-HG~AAS
18 7 &

02 02 0.2

22 12 29
HNO3/H,S04~HNO3~H,0,~HG-AAS
0.435 0.513 0408 0427 0.446
0.042 0.455 0183 0473 0.153
0486 0.145 0106 0154 0.439

0.594
0.394

0.442
0.218
0.155




Lab Mean RSO
27
z8
29
30
31
30.0 0.0
33
2841 7.3
4.7 22.4
31 3.0
24
33.8 4.5
&4 7.2
4,2 26
35
24.9 34
5.0 26,9
3.7 6.4
36
37
38
39
1138 e
36,98 ——=
40
33.2 3.5
41A
321 4,7
5.8 12.0
3.6 9.4
418
25.5 10.2
4.5 7.0
3.8 7.3
441C

ARSENIC DATA

NO DATA
HND;/HzSOq-HNO3"H2‘Dz-HG“AC_JDDC
Less than 0.1

Less than 0.1

Less than 0.1

NO DATA

NO DATA

NG DATA

HNQ3-HCIOy-ICP

30 30 30 30 30 30

Less than 10
Less than 1C

HNO3/HC!OQ/HzSOq"HCl"HG-AAS

256 284 308 94 2468
537 524 288 488 5.3V
3.22 322 303 303 312
INAA

320 318 346 345 340 356
474 674 4620 683 5.60 4637
423 4,02 432 442 442 A2

HNO;—=HCIO4(D/E)-DRY ASH/MgiNO;);

~-COPRECIP(F)-GF AAS

24,0 256 260 250 243 246
257 558 559 552 554

382 392 3.80 3.38 349

NO DATA

NO DATA

NO DATA

H,504-HNO;-HG-AAS

113

36.9

Less than 1.5
HNO;~HCIO4~ICP(D)-HG-AAS(E/F)
33 3% 32 33 34 32

l.ess than 0.1

Less than 0.4

FUMING HNO3-HNO3/H,0,~GF AAS

306 299 334 331 3214 336
5.63 490 702 6.04 5.63 5.67
330 329 340 3.81 369 415
HNOg/HClO;/HzSOq"HG"AAS
29 26 23 26 22 N
66 &1 59 6% 66 T4
42 40 3B 38 35 35

NO DATA



3.

ARSENIC DAT.A

Lab Mean RSD
42 HNO;=HCIOy/H; S04 ~HG-AAS
26,9 17.4 294 310 304 288 240 208
7.0 71 65 &5 67 77 .0 4
51 11.2 58 43 50 49 57 48
43 NO DATA
CADMIUM DATA
Lab Mesn RSO
1 HCI=HNO;~HCIOy/HF -HCI-F AAS
- ——— Less than 0.5
- ——— Less than 0.5
e el Less than 0.5
2 HNC=HCIOy~GF AAS
0.11 18.8 010 040 045 040 040 G10
0.80% 18.3 090 050 085 090 0.64 058
0.40 10.0 0.40 040 045 045 036 036
3A BOMB/HNO;/HCIOy-GF AAS
011 8.1 012 041 042 040 041 040
0.49 51 045 047 049 050 0.50 052
0.26 6.9 031 034 030 029 030 034
3B BOMB/HNO;/HCIOy~1CP
——== ———- No data
0.50 10.8 049 058 043 046 0,53 053
- == No data
NO DATA
HNO;-HCIOy-F AAS
0.10 0.0 061 G1 01 01 01 04
0.60 14.9 65 07 05 086 046 07
0.43 11.9 04 05 04 04 05 04
6 HNO:/HCIO4/Ma(NQ3),-HCI-F AAS
- - Less than 0.05
0.5z 9.1 0.46 052 051 06 049 051
0.41 16.0 0.41 039 039 054 039 035
7 HNO;-HCIO4-F AAS
= = Less than 1
T A Less than 1
e e Less than 1
8 HNO;/HCIO~ICP
- ——=- Less than 0.13
0.53 4.8 0514 054 057 051 051 G51
0.39 114 034 041 044 043 034 037
9 HNO;-GF AAS
0.08 20,5 007 0Q0O7v 008 041 007 0.07
0.54 7.0 0.50 0.53 0.49 058 056 057
0.33 2.6 033 031 032 033 033 033




Lab Mean RSD
10
0.43 11.9
0.28 14.4
11
12
13
0.47 10.7
0.25 8.9
14
0.45 12.2
0.30 0.0
15
0.43 11.9
0.25 21.9
16
17
0.09 16.2
0.0687 42.8
18
0.05 0.0
0.48 22,
0.28 14.8
19A
0.57 18.2
0.32 23.8
198
0.10 78.6
0.50 14.5
0.32 2.7
20
0.37 39.6
0.28 224
21
041 26,1
0.59 25.9
0.32 1.7

[
ra

CcCADMIUM DATA

HNO3/H;504-H;0;-EXTN-FAAS
Less than 0.2

65 04 05 04 0.4 04
63 02 03 03 03 0.3

NO DATA

DRY ASH-HNO3/HCI/HCIO4-F AAS
Less than 1

Less than 1

Less than 1
HNO3/H,504—-H;0,-EXTN-FAAS

Less than 0.05

044 051 054 050 040 047
027 024 024 023 025 0.29

HNO3-DRY ASH-HNO;-ICP
Less than 0.1

04 04 04 05 05 0.5
g3 03 03 03 0.3 0.3

HNO3;-DRY ASH-HNO;-GFAAS

Less than 0.1

04 04 04 05 04 0.5
g2 02 02 03 03 0.3
NO DATA

HNO3-H;0;-GF AAS

008 009 006 04 009 0.09

040 0.04 008 0.07 0.03 005
Less than 0.02

HNO3-HCIOy-GF AAS

0.054 0.054 0054 0.054 0.054
0.59 054 043 059 043 0.32
032 027 027 027 024 032

PLASMA ASH-HCI-ICP

Less than 0.2

Y 05 05 05 07 0.5
03 03 04 04 02 023

PLASMA ASH-HCI-GFAAS

0,06 0.25 006 0.058 011 006
057 046 045 046 062 046
032 031 031 033 031 031

HNO3;-HCIOy-FAAS

Less than 0.1

036 0.2 022 0.58 0.44
020 026 031 D0.34

HNO3;-DRY ASH-HNO;-FAAS

008 044 044 0.09 0.09 0.09
0.48 0.84 0.48 0.2 0.62

035 034 030 030 031 029
HNOg‘HzOz—ICP

Less than 1

Less than 1

Less than 1

37.



o
[n ]

Lab Mean RSD
23
0,678 10.6
24
3.80 i1.8
4,887 8.2
4.0/ O
25
0.47% 49,5
0.90m 111
.40 Q.0
z6
.40 BT
0.21 12.8
27
0.88x 17.3
0,756 17.4
2B
0.04 6.6
0.39 21.6
0.28 27.6
29
0.41 12.4
0.25 7.6
20
0.37 58.9
0.20 0.0
31
.51 0.0
0.34 0.0
32
0.50 17.9
.30 29.8
33
34
0.08 12.3
0.52 6.4
0.33 8.0 -
35
36
047w 3.6
0.48 8.9
0.28 41

CAaDMIUM DATA

HNC-FAAS

Less than 0.42

0.5 0.70 0.59 0.60 0.78 0.59
Less than 0.5
HNC’;‘HNOB/stoq—HNC);—FAAS

44 346 35 42 35 33

44 4% 54 43 46 51

42 41 44 29 38 37

HNO3/HCIO4/H,504-DCP

g6 0.6 0.2
pg 09 1.0
0.4 04 04

HNO3/H2509’HND;‘H202_FAAS
Less than 0.16

0.38 0.37 041 042 042 038
048 049 022 049 0.24 24

AGQUA REGIA-H;BO:-FAAS

Less than 0.5

097 093 1.02 0.49 0.69 100
1,03 0468 072 072 0,70 0.3
HNO3/H,S504-HNO3-H;0,-GF AAS

0.046 0.045 0.040 0.040 0.044
0.364 0.498 0.353 0.477 0.283
0.425 0.245 0,282 0267 G279

DRY ASH-HNO3;-ASV

Less than 0.02

043 039 033 045 0.45

g26 024 025 022 0.22 028
HNO3-HCIO,-GF AAS

Less than 0.1

g3 03 02 03 0.3 0.8

g2 02 02 062 062 02
DRY ASH-HNO;-FAAS

Less than 0.17

051 051 051 051 051 051
034 034 034 034 0.34 034
HNO3-HCIOy-ICP

Less than 0.4

04 04 05 06 05 0.6

03 02 02 04 0.3 04

NO DATA

HNQ3;-GF AAS

g.078 0.087 0.07v3 0.066 0.077
0.5z 0,52 0.56 046 0.54 052
0.3% 031 037 032 0.32 030

NO DATA
DRY ASH-HNO3/HCIO4—HNO3;—-ASY
0.474 0474 0464 0461 0164

0.524 0.438 0451 0531 0.485
0.297 0.278 0.262 0275 0276

0.343
0.213

0.093

0.462
0.434
0.280




CADMIUM DATA

Lab Mean RSD

37 PLASMA ASH-HNQ;-HCIOy-GF AAS
0.09 18.7 0.072 0.083 0077 0411 0106 0.106
0.46 5.8 0.459 0.449 0489 0.442 0495 0.427
0.27 7.7 0.269 0.257 0304 0.296 0.258 0.257

28 HNO3/HCIO4-GF AAS
0.07 16.2 G.06 006 006 007 009 0.06
0.44 11.7 0.37 043 045 052 045 0.40
0.27 4.1 027 029 027 027 026 026

39 HNO3-F AAS

et — Less than 0.07
——— ———— l.ess than 0.07

0.451m —— 0.45
40 HNO3;-HCIO,-1CP
i ———— Less than i1
———= ———- Less than 1
= e ——— Less than 1
41A FUMING HNQ3-HNO:/H,0,-GF AAS
0.0& Z8.3 0.064 0.068 0.084 .046 0.046 0.041
0.43 6.0 0.458 0.417 0.453 0.389 0.424 0.443
0.28 7.2 0.3140 0.300 0293 0.264 0.263 0.269
418 DRY ASH-HNO,-ICF
0.228 27.6 0146 021 04% 024 047 033
0.52 11.0 0.47 059 049 056 054 0.45
0.36 20.0 037 032 048 032 044 028
441C HNO;-EP-IDMS
0.07 11.9 0.060 0.077 0.062 0.077 0079 0.077
0.57 17.5 0.597 0.485 (.483 0.691
0.34 7.5 0,300 0.355 0.347 0.349
42 HNO3-HCIOy/H;504-GF A AS
25K 19.2 023 0256 031 025 023 0.23
0.768 69 g8 073 075 0.79 075 0.70
0.53% 7.4 g.52 050 054 048 0.59 0.55
43 HNO3;-H,0,-FAAS
———- ——— Less than 0.1
0.53 38.4 25y 049 051 0.89 0.0 0.41
0.35 1341 028 034 035 042 036 0433

MERCURY DATA

Lab Mean RSD

1 HNO3/HCI-SnS04~-CVAAS
1.35 1.7 1.36 1.34 432 1.38 1.34
0.106 0.0 0.406 0406 04106 0.406 0.106

3.00 0.0 3.00 300 300 3.00 3.00




40,

Lab Mean RSD
1,72 124
0.050 0.0
4.00 11.2
3A
2141 3.2
0.067 7.0
4,83 0.7
3B
240 2.4
0.038 13.7
4,30 6.5
&
1.468 8.4
0.02% 16.6
3.88 2.8
7
1.34 8.2
591 6.0
g
1.48 12.4
0.061 21.6
Z.a20 16.5
g
1.60 13.4
0.045 15.0
2,54 1.8
10
2.03 2.5
4,95 4,7
11
12
13
1.58 2
0.040 41.8
3.98 1.9
14
15
16
17
18 .
1.87 5.4
0.0z29 18.0
3.83 9.7

MERCURY DATA

HNO;-HCIO4-SnClL-CVAAS
200 470 480 190 41.42 4160

0.05 0.0 0.05

480 4,40 390 340 3.80 23.80
HNO;/K;S;O;-SHCIE—CVAAS

206 241 205 243 2.06 2.23

0.069 0.067 0.073 0.061 0.062 0.065
483 485 4,79 4846 4.78 4.85

NO DATA

NO DATA
HNO3/H;S04/K;5;05/KMNOy—NH,OHHCI-SnS04-CVAAS
180 200 225 230 200 225

0.030 0.030 0.040 0.040 0.035 0.040
4,60 4,40 4,20 390 4.35 4.0
HNO3/H;S04~KMnOy—NH;OH-HCI-SnS0,~CVAAS
14 1.6 1.8 17 1.6 1.7

0.022 0.024 0,025 0026 0.020 0.032
38 38 41 37 39 40
HzSOq"HzOz_KMan—CVAAS

194 178 4.0 4181 2.04 185

Less than 0.14

659 bB.45 B.462 581 594 586
HNO;/H,504/HCIO4-SnCl,-CV AAS

142 451 1,54 157 1.54 1.44

0.075 0.058 0.0414 0.074 0.062

248 245 261 184 178 1.86
HNO;/H;804—KMNOy~NH0H.HCI-SnCL-CVAAS
145 195 1.36 148 149 1,49

0.032 0.046 0.044 0.051 0.045 0.049
257 257 253 259 248 249
HNO3/H280§—KMnOq-KISZOg_NHon"SnCh"CVAAS
20 24 24 20 20 20

Less than 0.1

50 45 49 54 54 B4

NO DATA
NO DATA
H;504/K,Cr07-CVAAS

17 47 16 15 15 1.5

0.03 0.08 003 003 005 0.07
39 3.9 41 40 40 40

NO DATA
NO DATA
NO DATA
NO DATA

HNO;-HCIO4-CVAAS

189 4184 170 2.00 1.87 1.93
0.022 0.022 0.032 0.032 0.032 0.032
3.66 329 425 3.82 425 3.72




MERCURY DATA

Lab Mean RSD

19 A HzSOq"H;Oz"HNO;‘NHzOH_Snc,'!z"CVA,A\S
1.35 21.4 1.8 148 088 1.4z 414 41,50
0.123 8.4 043 041 041 043 043 043
3.83 13.3 44 44 33 33 4.0 3.6
198 NO DATA
20 HNO3/HCI-K;5;0,-CVAAS
1.90 4.8 1.79¢  41.82 4192 4.93 2056 1.91
0.045 46,14 p.04 005 002 0.08 0.05 0.03
5.06 2.2 4,92 492 544 547 542 544
21 HNO3/H, 804 -KMNOy—-CV AAS
2.08 10.9 231 194 229 .26 182 1.8B
-——— —— Less than 0.01
4,82 4.6 450 479 483 481 4,783 5.20
22 NO DATA
23 NO DATA
24 NO DATA
25 NQ DATA
26 H.8504-CVAAS
241 14.3 202 480 2.09 2.258 4197 249
—— ———= Less than 0.02
3.77 13.0 296 445 3,72 397 3.1 3.93
27 NO DATA
28 NO DATA
29 HNO3/H,804-CV AAS
2.07 g.0 219 245 1.85
———- —-———- No data
4.65 5.0 4,77 480 4.38
30 NO DATA
31 NO DATA
32 HNO3—HCIOy-ICP
Ese S Less than 4
——— —— Less than 4
= e Less than 4
33 NO DATA
34 NO DATA
35 NO DATA
36 NO DATA
37 NO DATA
38 NO DATA
39 H,S04~-HNO3;-NaBHs—CVAAS
1.04% - 1.04
—-—— - Less than 0.02
1.47¢ ——— 1.47
4( ! H504/HNO;~KMNO4/K3S5:0—NH,OH-SnCl,-CVAAS
1.946 3.9 2058 206 4193 190 1.88 41.93
0.070 15.6 0.06 006 006 0.08 0.08 0.08

4,73 14 468 471 476 476 480 4.47




MERCURY DATA

Lab Mean RSD
41 A HNQ3/H,S04-NaBHy-CVAAS
247 6.9 23 24 L0 214 24 24
0.029 21.5 0.032 0.029 0.023 0.022 0.029 0.029
4,27 z.4 44 43 44 42 44 45
1B NO DATA
41C NO DATA
42 HN03/HISOq‘KMﬂOq/K;SzOg—NHzOH"SHC'z_CVAAS
2.00 £.9 204 4193 228 4178 41.87 2.09
0.028 40.5 0.034 0.023 0.018 0.020 0.045
4,54 12.3 497 3.,B8 4,38 4.8 4,60
43 NO DATA
L.EAD DATA
Lab Mean RSD
1 HCI-HNQ;-HCIO/HF -HCI-F AAS
2.0m 0.0 2 2 2
—-——— ———— Less than 2
——— ] Less than 2
2 HNO3-HCIOy-GF AAS
2.9 2.4 10.0 40.0 100 40.0 400 9.5
——— —_—— Less than 0.4
0.22 14.9 020 025 020 0.25 G20 0.20
3A BOMB/HNO3/HCIO4-GF AAS
51 4.8 b1 B2 52 47 53 4.8
0.10 17.% g.08 009 009 043 041 0.0
0.30 144 035 032 0.33 25 025 032
3B BOMB/HNC;/HCIO4-ICP
5.0 17.0 60 54 5B 40 446 4.2
——— ———- Less than 3
— —— Less than 3
4 NO DATA
5 HNO;-HCIOy-F AAS
10.3 7.9 14 10 40 44 411 ¢
——— ——— Less than 1
——— —— Less than 1
6 HNO3/HCIO4/Ma(NQ;z);—HCI-F AAS
2.9 17.8 88 411 92 9.0 13 8.4
———- - Less than 1
s e l.ess than 1
7 ’ HNO;-HCIOy~-F AAS
124 10.4 1440 4118 435 1413 4112 139
6,227 12.8 541 0B 5856 7.9 641 584
5.54k1 13.3 28 490 6.64 BT 4,62  5.87




Lab Mean RSD
8
10.0 9.5
9
14.2 7.4
10
7.8 7.6
11
12
11.2 6.7
4,517 12.2
5.0r7 20.3
13
6.2 5.3
0,18 14.4
0.34 9.6
i4
2.7 12,7
i5
1.7 10.4
2,53k 2.0
16
17
18
10,0 11.2
0.26 19.5
0.14 15.6
19A
8.3 19.6
198
2.0 18.1
0.15 73.5
0.16 8.7
20
2.8 6.8
019 38.0
0.25 43.3

LEAD DATA

HNO3/HCIO~ICP

9.27 41402 4106 114 930 893
Less than 2

Less than 2

HNO3-GF AAS

104 448 10.6 110 11,3 123
LLess than 0.5

Less than 0.5
HNO3/H3; S04 —H,0,-EXTN-F AAS

g 9 & 7 71 8

Less than 1

Less than 1

NO DATA

DRY ASH-HNO;/HCI/HCIOy-F AAS
11 10 11 11 12 42

5 5 4 5 4 4

5 &6 6 4 4 4
HNO;/H)SOQ—Hzoz—EXTN—F,A\IA.S

63 63 63 63 646 56
0486 0.188 0188 (0483 0.188
0.369 0.313 0313 03313 0.375

HNO3;~-DRY ASH-HNO,-ICP

124 88 90 92 94 94
Less than 0.8

l.ess than 0.8

HNO3-DRY ASH-HNO,-ICP

88 67 74 84 7.4
Less than 0.2

25 26 2F 28 25 26
NO DATA

NO DATA

HNO3-HCIOy-GF AAS

10.8 893 119 952 9.31 9.53
027 027 024 020 032 0.32
046 046 046 042 042 042

PLASMA ASH-HCI-ICP
8 B 6 8 9 14
l.ess than 2
Less than 2

PLASMA ASH-HCI-GF AAS

78 B1 7.7 86 10.2 118
0.09 0.09 040 031

016 045 014 046 045 048

HNO;-HCIO4-EXTN-FAAS

9.54 104 9.04 105 9.29
0.27 047 0.3

013 028 0.34

0125
0.375



44,

Lab Mean RSD
21

8.3 &9

10.4 114
23

11.0 19.0

1,700 1.4

1,220 15.1
24

68 7.2

gim g

Ly &t
25

8.0 0.3

1,370 33.0

0.25 ———
26

12.7 16.2

3420 14.0

2.630 7.9
=1
z8

0.481 16.3
29

12.3 21.6

1.82% 22.8

1.884 27.2
30

4,9 10,2

27 30.6

0.32 31.0
kY

10.2 7.0

0.47 9.2

0.670 20.3
32

1.5 10Q.5

LEaAD DATA

HNO;-DRY ASH-HNO;-FAAS

8,00 821 913 8.0 751 849
Less than 0.2

Less than 0.2

HNO3-H,0,-ICP

10,2 10,3 105 8.4 110 119
Less than §

Less than 4

HNOs-F AAS

105 9.5 147 104 10.0

17 15 147 47 49 4.7

1.2 14 14 1.0 13 10
HNO3~HNC5/H: S04 —HNO;—F AAS

735  63.8 663 69 607 434
57.4 617 446 579 604 638
5¢.4 605 53.4 530 568 502

HNO3/HCI04/H, 504 -DCF

&7 37 4.7
05 1.4 18
0.2 03

HNO3/H,S04—HNO3~H;0,-F AAS

10.4 44,2 4150 114 153 42.8
3,04 272 2462 356 3.068 370
251 277 232 289 255 274
AGQUA REGIA-H;BO-FAAS

Less than 10

Less than 10

i_ess than 10
HNCO3/H,804-HND;3—-H;0,-GF AAS

0.41 043 040 033 0.46 054
Less than 0.05

Less than 0.08

DRY ASH-HNO;-ASV

155 105 13.8 12Z& 8.80
22 2 24 LE L6

17 26 13 18 1.5 2.4
HNO3-HCIO4—~GF AAS

46 43 54 51

02 02 02 03 04 0.3
03 02 02 04 04 04

DRY ASH-HNO;-EXTN-FAAS

114 404 924 97 103 407
0.43 051 043 043 051 051
077 077 0.9 0.43 0.60 077
HNO;‘HCIOQ“ICP

69 70 65 B0 80 85
L.ess than 3

l.ess than 3




Lab Mean RSO
33
34
8.4 10.5
0.20 5.8
25
36
2.2 B.&
.33 48.7
0.27 21.5
37
3.3k 21.3
38
7.8 7.6
.23 14.0
0.30 12.9
39
6.7 ———
3,5RT e
1,687 ———
40
11.7 24,6
41A
2.3 13.2
0.06 141
0.19 24,5
41B
8.7 9.2
41C
2.9 8.2
0.10 3.6
0.22 5.4
42
7.0 29.6
43
15,28 20.5
3.00¢1 474
1.83k1 22,

ll

LEAD DATA

NO DATA

HNOL-GF AAS

.5 &8 82 BB 7.1 B4
Less than G.1

024 021 021 020 0.48 20
NO DATA

DRY ASH-HNO3/HCIO«—HNO;3;-ASY
9.20 837 967 8143 969 101

0.373 0.312 046 0,479 0.603 0.353
0.351 267 0,258 0205 0.205  0.304
PLASMA ASH-HNO;-HCIO4-GF 8 AS
3.48 444 256 2.89 254 3.9¢
Less than 0.5
Less than 0.5
HNO3/HCIOy—GF AAS
7.88 779 472 7.69 851 8.8
026 0,26 025 049 0.20 021
03z 0324 030 0314 029 022
HNO3-F AAS
8.7
3.5
1.6
HNO3;-HCIO—-GF AAS
i4 ¢ 12 416 9 410
Less than 1
Less than 1
FUMING HNO3-HNO;/H,0,-GF AAS
945 843 752 4107 405 9.8
0.064 0.067 0.0 0.061 0,068
0477 0434 0259 0487 482
DRY ASH-HNO;-ICP
80 84 %2 846 404
Less than 0.9
Less than 0.8
HNO3;-EP-IDMS
853 104 931 103 10,5 1046
0400 0.103 0.103 0Q.095
0,211 0.224 0.235
HNO3-HCIO4/H,504-GF AAS
63 19 4.6 105 69 5.4
Less than 0.3
Less than 0.3
HNO3-H,0,-FAAS
12 18 14 49 12
5 4 4 3 3 2
1 2 2 2 2 2

e




45,

SOoDIUM DATA

Lab Mean RSD
194 PLASMA ASH-HCI-ICP
0.316 R 0.316 0.348 03114 0.315 0.309 0.329
1.48 4,2 148 4.413 4145 27 148 145
0.317 1.8 0,326 0.309 0214 0321 0311 0324
27 AGIUA REGIA-H;BO;-FAAS
g.30z 2.3 0.314 0,299 0.293 0G.302 0.303 0.303
0.987 0.6 0986 0986 0.989 09278 0.990 0.995
0.306 22 0.321 0.304 0308 0.210 0.290 0.305
24 INA A
0.292 0.5 0292 0.289 0.293 0294 0.290 0296
1.40 1.6 1,08 4144 440 143 41.09 1.09
0.289 2.7 0.289 0.294 0297 0281 0.294 ~278
CALCIUM DAaT.Aa
Lab Mean RSD
14 HNO:-DRY ASH-HNO,-ICP
250 2 252 257 49 243 243 248
558 3.9 534 532 §E34 550 583 564
189 &4 171 4196 192 204 187 182
19A PLASMA ASH-HCI-ICP
263 6.4 266 261 242 275 248 287
529 7.8 606 bHe0 5B9 688 578 54a8
280 26.2 236 22 264 372 243 372
27 AQUA REGIA-H;BO.-FAAS
253 71 287 239 255 260 243 241
529 3.0 542 513 549 b34 528 H40
223 &7 208 204 249 238 231 209
CHROMIUM DA TA
L.ab Mean RSD
14 HNO3;-DRY ASH-HNO.-ICP
0.7 28.6 09 06 07 04 06 07
1.0 10.0 1.2 44 410 40 0.8 1.0
1.1 18.2 12 42 4142 42 08 14
1? HNOg‘HzOz‘GFAAE
=== -——= Less than 0.43
0.77 . 22,5 081 051 096 078 0.3 093
0.80 27.0 oB1 072 058 057 0.99 14141
19A PLASMA ASH-HCI-ICP
Q.7 33.8 114 066 05 07 05 0.6
114 19.8 08 412 069 14 14 14

1.5 19.3

14 47 12 17 12 19



CHROMIUM DAT.MA

47,

Lab Mean RSD
23 HNO3-F AAS
1.27 8.7 1.46 4123 145 127 4147 4134
1.40 6.4 1.35 141 425 1.43 141 1.54
1.40 5.5 1.06 41.24 407 1.08 1.13 1.02
27 AGIUA REGIA-H;BO;-FAAS
= e e Less than &
e i l.ess than b
S RS Less tham &
34 INAA
2.04 12.4 188 232 244 165 220 208
1.0G 21.6 1.0 1.28 447 147 082 0.54
1.43 10.2 1.62 1.62 490 1.64 1.47
41C HNO;-EP-IDMS
0.77 132.6 068 0,76 092 071
1.14 32.3 1.02 074 4149 1.6%2
1.73 16.4 240 142 174 1.64
MANGANESE DATA
l_ab Mean RSD
14 HNO3-DRY ASH-HNO;-ICP
3.6 8.3 34 40 34 40 35 35
0.9 1141 10 410 08 410 0.8 1.0
0.5 146.0 04 05 04 046 05 0.4
198 PLASMA ASH-HCI-GF AAS
4,27 ig8.1 445 bB43 328 3467 395 5411
1.02 5.0 1.05 4.04 098 140 41.00 0.9
0.57 10.7 0.8 052 056 057 051 059
21 HNO3;-DRY ASH-HNO;-F AAS
2.82 11.0 290 249 282 287 247 3.38
0.69 8.5 062 0.3 0.3 051 051 0.5
0.37 24,3 030 0.34 034 055 0.34 0.34
23 HNO3;-FAAS
5.05 21.8 698 437 432 547 3.97 547
1.01 2.0 098 41.03 0.99 4.02 4.00 1.01
0.58 1.7 057 059 057 0460 057 0.58
IRON DATA
Lab Mean RSD
14 HNO3;-ORY ASH-HNO,-ICP
123 16.3 107 4130 159 144 4108 122
17.3 9.3 19.9 200 4187 16,6 14.4 143
29.2 3014 244 454 23,7 333 232 251




IRON DATA

Lah Mean RSD
194 PLASMA ASH-HCI-ICP
121 21,7 147 158 93 4106 103 148
16.8 10.2 194 15,6 164 176 17.4 145
27,7 g.4 29.8 260 319 264 252 24.6
23 HNO:-FAAS
129 20,9 180 4149 4108 134 109 123
15.4 .6 14,8 15,6 457 1Bz 457 15.3
27.4 7.2 264 260 2B3 272 255 309
27 AGQUA REGIA-H;BO,-FAAS
143 17.7 139 493 41241 140 134 133
17.0 8.4 163 4119 4148 190 417.0 4168
275 9.9 316 259 295 272 265 240
34 INAA
124 17.8 126 4138 115 94 4157 442
15.6 15.4 17 19 415 14 413
az.4 23.0 43,3 29,2 257 260 284 378
36 DRY ASH-HNO:/HCIQy—HNO;~ASY
122 6.6 143 120 4127 4419 130
147 194 175 428 124 155 15.4%
30.0 10.0 318 283 30,9 324 248
NICKEL DATA
Lab Mean RSD
19A PLASMA ASH-HCI-ICP
——— ———- Less than 2
===5 =ess Less than 2
—_—— —_—— Less than 2
23 HNO3;-F AAS
1.99 134 245 147 490 209 197 1.86
1.45 7.6 135 41,66 4131 1.54 145 152
1.47 4.8 1,42 4149 151 4140 1.40 1.59
27 AGIUA REGIA-H;B0O;-FAAS
—ees ——— l.ess than 5
i —— l.ess than §
——— i Less than 5
441C HNO3-EP-IDMS
1.44 22.4 1.68 149 4176 114
0.56 35.0 037 046 058 082
0.94 21 083 0.B& 0.83
43 HNO3-H,0,-FAAS
3.67 22.2 4 5 4 3 3 3
1.467 48.9 3 1 414 4 2 2
1.00 0.0 1 1 41 1 1 1

il




Mandat du Comité

Son rdle est constituer un forum qui réunit les diverses opinions
sur les sujets se rapportant & la chimie marine et de les transmettre
au Conseil national de recherches; de coordonner les activités de
recherche en ce qui a trait aux problémes d'analyse et & la mise au
point de nouveaux standards. De fagon plus précise:

- vérifier au besoin la situation de la chimie marine au Canada et
en particulier l'effort national dans le domaine de la chimie
analytique marine.

- coordonner la mise au point constante de standards, de méthodes
d'analyse et de systémes de comparaison entre les laboratoires.

- prévoir les besoins et les exigences a long terme du
développement de la chimie analytique marine autant dans le
secteur privé que public, établir les priorités et évaluer les
ressources nécessaires pour répondre a ces besoins.

- favoriser les échanges entre les groupes qui étudient la mer et
la chimie analytique, aider 1'échange des reseignements, et
proposer des methodes d'améliorer ces échanges.

- étudier des problémes particuliers a la demande de divers
organismes qui s'intéressent & l'analyse d'échantillons marins.



- to anticipate the long term developmental needs and requirements
of marine analytical chemistry in the private and public
sectors, recommend priorities, and estimate the resources
required to meet the needs.

- to promote communication between marine and analytical chemistry
groups, assist in the exchange of information, and recommend
mechanisms for improving liaison.

- to study specific problems at the request of various agencies

concerned with the analysis of marine materials.

Comité de chimie analytique marine

1985 Membres

Dr. M. Waldichuk; Laboratoire de Vancouver ouest, Pé&ches et océans
Canada (président)

Dr. H. A. Gillis; Laboratoire de recherches de l'Atlantique, Conseil
national de recherches (secrétaire)

Dr. S. S. Berman; Division de la chimie, Conseil national de
recherches

Dr. J. M. Bewers; Institut océanographique de Bedford, P&ches et océans
Canada

Dr. S. E. Calvert; Département d'océanographie, Université de
Colombie-Britannique

Dr. W. D. Jamieson; Laboratoire de recherches de l'Atlantique, Conseil
national de recherches

C. W. Ross; Mobil 0il Canada Limited, Halifax, N.-E.

Dr. H. Samant; Service de protection de l'environnement, Environment
Canada

Dr. J. F. Uthe; Division des sciences halieutiques et
environnementales, Pé&ches et océans Canada

Dr. A. Walton; Sciences et levés océaniques, P&ches et océans Canada

Dr. P. J. Wangersky; Département d'océanographie, Université de
Dalhousie

Dr. M. B. Yunker; Dobrocky Seatech Limited, Sidney, C.-B.
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Dr. M. Waldichuk; West Vancouver Laboratory, Fisheries and Oceans
Canada (Chairman)

Dr. H., A. Gillis; Atlantic Research Laboratory, National Research
Council (Secretary)

Dr. S. S. Berman; Division of Chemistry, National Research Council

Dr. J. M. Bewers; Bedford Institute of Oceanography, Fisheries and
Oceans Canada

Dr. S. E. Calvert; Department of Oceanography, University of British
Columbia

Dr. W. D. Jamieson; Atlantic Research Laboratory, National Research
Council

C. W. Ross; Mobil 0il Canada Limited, Halifax, N. S.
Dr. H. Samant; Environmental Protection Service, Environment Canada

Dr. J. F. Uthe; Fisheries and Environmental Sciences, Fisheries and
Oceans Canada

Dr. A. Walton; Ocean Science and Surveys, Fisheries and Oceans Canada
Dr. P. J. Wangersky; Department of Oceanography, Dalhousie University

Dr. M. B. Yunker; Dobrocky Seatech Limited, Sidney, B. C.

Terms of Reference

To provide a forum for the synthesis of advice to the National
Research Council on matters pertaining to marine chemistry, and a
mechanism for the coordination of research activities related to the
provision of reference materials and analytical problems of marine
materials. More specifically:

- to review as necessary, the status of marine chemistry in Canada
and particularly the national effort in marine analytical
chemistry.

- to coordinate the continuing development of standard reference
materials, standard methods and interlaboratory calibrations.




