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REPORT OF THE
ICES FOURTH ROUND INTERCALIBRATION
FOR

TRACE METALS IN SEAWATER

by
J.M. Bewers, J. Dalziel, P.A. Yeats and J.L. Barron

Atlantic Oceanographic Laboratory
Bedford Institute of Oceanography
Dartmouth, Nova Scotia, Canada B2Y 4A2

ABSTRACT

This document constitutes a final report of the Fourth Round
ICES Intercalibration for Trace Metals in Seawater conducted
on behalf of the Sub-Group on Contaminant Levels in Seawater
and its successor, the Working Group on Marine Chemistry.
Forty three laboratories in fifteen countries participated
in the experiment and returned analytical data to the organ-
isers by May lIst, 1979. Substantial improvements in both
analytical precicion and agreement between laboratories are
demonstrated by the results. Sufficient participants have
adequate analytical capabilities to justify the conduct of
the ICES Fifth Round Intercalibration for Trace Metals in
Seawater which involves the examination and comparison of
commonly-used sampling and sample storage procedures.



INTRODUCTION

A series of intercalibrations, among laboratories in ICES member
countries, is being conducted to assess and improve the general capability
for trace metal analysis of sea water. The objectives and plans for these
intercalibrations are discussed in a recent ICES paper (Bewers et al., 1980).
Three intercalibrations involving the distribution of (1) high level standards
containing Cr, Fe, Mn, Co, Ni, Cu, Zn, Cd, Pb and Hg (2) sea water .and spiked
sea water for mercury analysis and (3) two unspiked sea water samples for Cr,
Fe, Mn, Co, Ni, Cu, Zn, Cd and Pb analysis have been completed (Jones 1976,
Olafsson 1976, 1978, Jones 1977 respectively). After review of these ex-
periments the ICES Sub-group on Contaminant Levels in Seawater proposed the
conduct of a further intercalibration to determine analytical precisions for
metal analysis of sea water. The detailed design and conduct of this experiment,
designated the fourth round intercalibration for trace metals in sea water, was
undertaken by the Bedford Institute of Oceanography. Sets of six filtered sea
water samples were distributed to participants in acid-washed low density
polyethylene bottles in April 1978. Each sample set comprised four (4) re-
plicate sea water samples, one spiked sample and a dummy sample. Sets were
distributed by air freight in frozen or acidified form to 63 laboratories in 17
countries (see Appendix 1). Sample information provided to participants was
restricted to the methods of collection and the salinity range of the sample set.
The closing date for receipt of results, originally set for Octcber 31st, 1978
was extended to December 31st, 1978 by which time 41 laboratories had reported
analytical results and details of their analytical methodology. A further two
returns were received prior to 1 May 1979 when the preliminary report of the
intercalibration was distributed to participants and these data have also been
included here. This report discusses all these results and draws conclusions
concerning the overall and individual laboratory performances whilst maintaining

anonymity of the results.
EXPERIMENTAL DESIGN
The experimental design was formulated in consultation with the Applied

Statistics and Scientific Computing Branch of the Canadian Department of

Fisheries and Environment. The chosen design involves sufficient replication



(4 samples) to enable reliable estimates of precision to be made for each part-
icipant. A spiked sample was included in order to estimate low-level spike re-
covery. The magnitude of each metal spike was determined on the basis of the
statistical probability that it could be discerned as different from the re-
plicates by participants with precisions comparable with our own published
estimates (Bewers et al., 1976). An additional sample, referred to herein as a
'dummy', was also introduced to the sample set in order to increase the
'blindness' of the experiment. This dummy sample was intended to contain sig-
nificantly lower metal concentrations than either the spike or the replicates.
Sufficient replication in the analysis of replicate samples had to be assured
so that both within sample and between sample precisions may be determined.
Comparable replication of the spike and dummy sample analyses should permit
both an additional check on precision and estimates of spike recovery to be
made. Each participant thus received a total of six samples and was asked to

analyse each sample in triplicate.
LOGISTICS AND SAMPLE COLLECTION PROCEDURE

The numbers and volumes of frozen and acidified samples required for
potential participants were first established through the medium of a
questionnaire. Each recipient was also asked to specify the nearest inter-
national airport from which samples could be collected. Samples were collected
on April 10/11, 1978, from the Canadian Survey Ship Dawson using a General
OceanicsR rosette equipped with modified 12 litre NiskinR bottles (Bewers et al.,
1974) . Sea water for replicate sample preparation was collected at 180 metres
depth on the Scotian Shelf (43953'N 62053'W) some 100 km offshore. A total
of 500 litres of water was pressure filtered from the Niskin samplers, through
0.4 um Nuc]eporeR filters, into an acid washed and Super QR water rinsed
polyethylene holding tank. Subsamples were then drawn off from the holding tank
into 1 litre and 2 litre acid washed low-density polyethylene bottles. A series
of check samples were also collected at intervals during this sub-sampling op-
eration. Subsamples were immediately frozen or acidified (5 ml conc. HCI
(Baker-Ultrex) per 2 litres) to fulfill the requirements of all 63 participants.

Two 150 litre samples were also collected at 150 m depth in the Atlantic
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Slope Water (42032'N. 61924'W) and similarly filtered into acid washed poly-
ethylene holding tanks. One large sample was subsampled for the provision of
dummy samples. The other 150 litre sample was spiked with a previously prepared
solution of Cr, Mn, Fe, Co, Ni, Cu, Zn, Cd and Pb (see Table 1) and then homo-
genized. This sample was then subsampled for the provision of spiked inter-
calibration samples. The dummy and spike samples were also frozen or acidified
to meet the requirements of participants. Each sample was individually marked
with a six digit code number and all identification of samples was subsequently

based solely on the use of this number.
SAMPLE DISTRIBUTION

Acidified sample sets were packed in wooden crates and dispatched by
air freight to the major airports designated by the participants. Prior to the
shipment of the samples, the participants were notified by telex or telegram of
the impending arrival of their samples.

The frozen samples were shipped in polystyrene-lined wooden crates and
packed in dry ice. Prior to shipment of the samples, tests showed the samples
packed in this manner would remain frozen for up to 56 hours. Interconnecting
flights, set up through the airline shipping agent, were designed to have the
samples arrive at their airport of destination within 48 hours. Delivery
problems to European and North American laboratories were encountered when the
transport of samples necessitated the use of two or more airlines. All par-
ticipants were notified by telex or telephone of the anticipated time of ar-
rival, flight number and air waybill'number to enable the samples to be picked
up soon after their arrival at the destination airport.

Each set of frozen and acidified samples was accompanied by two forms.
The first tabulated the enclosed sample numbers and described the nature of the
samples (eg.; filtered sea water - frozen). The second form was a reply
questionnaire requesting information on the date of receipt of the samples and
their condition on arrival.

Two crates of frozen samples shipped to U.S. destinations arrived
thawed and one set of acidified samples was found to contain a single un-

acidified sample.



RECEIPT OF RESULTS

Participants (Appendix 1) were notified of the closing date for receipt
of analytical data (October 31, 1978) which had been agreed at the third
meeting of the ICES Sub-Group on Contaminant Levels in Seawater. This closing
date was extended to December 31, 1978, by the organizers and every effort has
been made to include data received later than this date. Appendix il contains
a listing of data returns categorized by element and sample type. All data
submitted by May 1st 1979 are included in this appendix and are the subject of

the following discussion.

COMMENTS ON ORGANIZATIONAL ASPECTS

The conduct of the experiment demanded the distribution of six 1 1 or
2 1 seawater samples to over 60 participants and this in turn required the
collection, filtration, homogenization, treatment and distribution of
approximately 800 1 of water. This imposed a number of logistical problems
mainly associated with achieving homogeneity whilst avoiding contamination and
ensuring the timely and secure shipment of samples to participants. |t appears
that, except in the cases of zinc and lead, these difficulties were largely
surmounted.

The problems associated with sample distribution were particularly
pronounced in the case of frozen samples. Nevertheless the ability to make
connecting flight arrangements for samples dispatched to European destinations
simplified matters and only in the case of two European participants was the
condition of the samples on arrival suspect. These two cases involved the use
of an intermediary since all samples for French participants were kindly
handled by Dr. Chaussepied of CNEXO. The major difficulties arose with samples
destined for the United States. No arrangements for connecting flights at U.S.
airports were possible and as a result some sets of frozen samples arrived at
U.S. destinations partially thawed despite the fact that the shipping crates
were packed with enough dry ice to ensure the samples remained frozen for a
minimum of 56 hours. European airfreight organization seems somewhat better

than comparable airfreight operations in the United States and this was
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particularly exemplified by one European airline that took especial care to store
sample sets in its own freezer at London (Heathrow) when flight connections were
missed. Overall it is remarkable that sample integrity was generally maintained
during transshipment but this is principally due to the time and trouble taken in
establishing reliable freight arrangements.

The proportion of sample recipients who actually returned analytical data
was disappointingly low. Sixty-two complete sets of samples were distributed
but only 43 data sets were returned to the organizing laboratory. Several of
these returns did not comply with the instructions to participants which
specified that the results of three individual analyses of each sample should be
reported. Triplicate analysis were not possible in all cases because sample
volumes were insufficient to meet participants needs. However in some cases
where adequate volumes were provided, participants did not return data in the
correct format. There was also considerable tardiness in the return of data and
the preparation of this report has been deliberately delayed to include the

results of as many participants as possible.
DISCUSSION OF RESULTS

General Observations

The composite mean concentration and standard deviation of the replicate,
dummy and spike samples for all elements analyzed by a large number of
laboratories are shown in Table 2. Only outliers as determined by Chauvenet's
criterion have been excluded. The ranges of reported values are quite large
although both the means and standard deviations are smaller than in some previous
intercalibrations (Brewer and Spencer, 1970; Jones, 1977). Because of the large
ranges reported, it is difficult to make any firm conclusions based on these
results. However, the following observations can be made. Results for frozen
replicate and dummy samples are generally lower than corresponding results for
acidified samples. As expected the reported average concentrations of all
elements, except zinc, in the dummy are lower than in the replicate. Previous
work, (Bewers et al., 1976) has shown that metal concentrations in the Atlantic
Slope water (dummy)are lower than on the Scotian Shelf (replicate). All the

means are higher than commonly accepted metal concentrations in the waters of the
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open ocean (Bender et al., 1977; Boyle et al., 1976, 1977; Bruland et al., 1978;
Patterson et al., 1976; Sclater et al., 1976). Zinc and lead are the most
elevated. For logistical reasons we were unable to collect and process the
samples with the care needed for the collection of uncontaminated lead samples
(Patterson et al., 1976). It is therefore not surprising that the lead levels
are elevated. Zinc is also an ubiquitous contaminant, particularly of the linear
polyethylene from which the sample homogenization tanks were constructed. Spike
recoveries were generally in the 60 to 80% range with better recoveries for
acidified samples. Frozen iron samples gave particularly poor spike recoveries.

Several elements (As, Cr, Co, Hg and V) were analysed by a small number
of laboratories. These results, which are not amenable to treatment in the same
manner as the other elements, are presented individually in Table 3. The inter-
calibration samples were not preserved in a way thought suitable for mercury
analysis and all participants were advised accordingly at the start of the
experiment.

One of the principal objectives of the intercalibration was to determine
analytical precisions for each participant. These have been determined fer all
laboratories that have provided us with two or more independent analyses of each
of the replicate samples or given us other information suitable for this purpose.
The precisions are presented in Appendix |ll together with other general details
of the analyses for each element. |If we subset, for each element in Table 2,
those laboratories with better analytical precisions we observe a marked im-
provement in the comparability of results (see Table 4). The limiting precision
criterion is approximately equal to one third of the currently established con-
centration for the metals in shelf waters with the obvious exceptions of lead and
zinc for which arbitrary choices have been made based upon the intercalibration
returns. As can be seen in Table 4 the average replicate and dummy sample values
are lower than those in Table 2 and closer to real environmental levels for all
elements except lead and zinc. The replicate standard deviations are generally
smaller reflecting improved agreement between high precision participants. In
most cases the dummy samples give lower results than the replicates. As in the
case of the total data set, lower levels and lower spike recoveries are generally
observed for frozen samples. Such differences between acidified and frozen
replicates are significant ‘at the 95% level of confidence in all cases except

manganese and nickel (Table 5). Lower concentrations in frozen samples could
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result from poorer preservation by this technique or contamination of acidified
samples by the acid or by increased leaching of the storage bottles at low pH.

Generally inferior spike recoveries may, however, fndicate poorer preservation

of frozen samples. _

We have also tested the differences between the two major methods of
analysis as applied to the replicate samples. This could only be done for the
four metals most commonly analysed by electrochemical and atomic absorption
procedures namely, cadmium, copper, lead and zinc. There exist significant (95%)
differences between these two techniques in the case of cadmium and lead but
insignificant differences for copper and zinc (Table 5). Since the cadmium
results were close to levels found in ambient seawater some caution should

be exercised in directly equating cadmium analyses by these different techniques.

Individual Laboratory Performances

The data from all laboratories that returned at least two determinations
of each sample are amenable to more extensive statistical examination. For each
laboratory it is possible to determine analytical precision for each metal
analysed, test for variability in the four replicate samples, test for differences
between the dummy and replicate or dummy and spike, and assess the extent to which
spike recovery is quantitative. These tests can be used in conjunction with
consensus values for concentrations in the various samples to investigate the
performance of the participants.

It is first necessary to establish the homogeneity of the samples. This
is important for two reasons. First we need to know at what level of analytical
precision the participants should not have been able to see differences between
the replicate samples and secondly to what extent could differences in reported
concentrations simply reflect inhomogeneity. During the preparation of the
replicate samples, ten additional samples were drawn at intervals and subsequently
analysed for these purposes. The results of a statistical analysis of these

)

data are shown in Table 6. The first row lists the analytical precision (Sanal
at which inhomogeneity should not be detected at the 95% confidence level.
Laboratories with sana] greater than these values’should not be able to see
differences between the replicate samples. The second row lists that part of the
overall standard deviation for the ten saﬁples analysed in duplicate that is due

to differences between samples rather than analytical imprecision. The possibility
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that a laboratory received a contaminated sample is unavoidable. For this
reason individual replicate sample analyses that were noticeably higher than
the average of the remaining three were excluded from the statistical
treatment. In cases where this occurred, the participant's data (Appendix I1)
are flagged to identify the excluded replicate.

The statistical analyses for each element, acidified or frozen, are
summarized in Appendix Ill. The first tabulation for each element lists the
arithmetic mean and standard deviation for the analyses of the four replicates;
the analytical standard deviation (sanal) based on the precision with which
individual replicate samples were analysed; a test for the significance of any
difference between the four replicate analyses (95% significance level); the
arithmetic mean concentration of the dummy sample; and the difference between
the replicate and the dummy. The second tabulation lists the arithmetic means
for the spike and the dummy samples; the difference between the two; the percent
spike recovery; the significance of the difference between the spike and dummy
samples; and the significance of the difference between the reported spike and
the nominal spike originally added to the sample. Reported mean values that do
not exceed 3 x Sanal (definition of detection limit given by Strickland and
Parsons, 1965) have been indicated by asterisks but not excluded from subsequent

calculations.
Cadmium

Cadmium analyses of frozen samples show a very narrow range of reported
replicate means with only three exceptions. None of the results from the high
precision laboratories differ from the mean value of 0.047 ug £ ! by more than
40%. Our homogeneity check indicates that laboratories with S.nal >0.016 pg £ !
should not see differences between the replicates. Most of the participants
have better precision and there may be inhomogeneity problems at these low
levels (Sanal 0.002 - 0.008 g £7Y). These results suggest that the samples are

homogeneous for S >0.010 g £ 1. - Only one laboratory (#8) with Sanal >0.010

g L1 sees a sigi??;cant difference between replicates. The dummy sample is
obviously indistinguishable from the replicate as 7 participants report
higher values and 6 lower. All but two of the laboratories see a significant
(95%) difference between the spike and the dummy samples but the recoveries

are rather variable. However, seven of the ten high precision
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laboratories do report spike recoveries between 50 and 80%.

Cadmium analysis of acidified samples indicates that the replicates are
homogeneous for laboratories with Sanal greater than 0.012 pg 2. The range
of means reported for the replicate is considerably greater than that reported
for frozen samples. A consensus value of 0.065 + 0.014 ug £ ! for the high
precision laboratories results if #38 and #44 are omitted. Both of these
laboratories have means less than half the consensus value and very low spike
recoveries. All but one of the four laboratories with poorer precision report
noticeably higher means than those of the high precision laboratories. No
distinction is seen between the Cd levels in the dummy and replicate samples
nor is there any agreement on the Cd level of the dummy. All but two participants
observe a significant difference between the spike and dummy with 8 of the 11

remaining high precision laboratories recovering 55 - 100% of the spike.

Copper

The homogeneity test shows that the respondents should not see differences
in the copper concentrations of the replicate samples if their analytical
precision is greater than 0.031 pg £ !. Four laboratories analyzing frozen
samples with S_ . >0.031 ug £°! do see differences with two of these (#8 and
#13) iq the high precision subset. The results of the laboratories that do not
see differences would suggest that the samples may be homogeneous for precisions
>0.02 ug £ . All high precision laboratories except #8 and #13 report replicate
results within 50% of the mean value of 0.19 ug £ ! in Table 4. With these two
laboratories excluded the replicate mean for high precision laboratories becomes
0.162 + 0.060 pg £ '. Ten of the fifteen respondents find that the copper
content of the dummy is less than that of the replicate with a dummy mean of
0.144 + 0.066 for nine high precision laboratories (#4 has been excluded as well
as #8 and #13). All participants but one saw the difference between the spike
and dummy with spike recoveries of 43 - 78% for the high precision laboratories.

Seven of the laboratories analysing acidified samples for copper see
differences between replicate samples but only two of these (#2 and #46) are
high precision laboratories. With the exception of one (#46) the replicate
mean for high precision laboratories is 0.255 * 0.065 ug LY. All five of these

high precision laboratories see the dummy as less than the replicate with good
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agreement on the dummy mean (0.176 * 0.029 ug £ !). The high precision
laboratories all find the spike concentration significantly higher than the
dummy with recoveries (except for #46) of 61 - 92%. Four of the five have
recoveries between 83 and 92%. The remaining lower precision laboratories all
report higher mean concentrations and have rather erratic spike recoveries al-

though all but two are significant.
Manganese

Although our homogeneity test indicates that the manganese content of

the replicate samples should be very constant (insignificant differences for

S
anal -
see differences but none of those analysing acidified samples do. This may be

>0.009 ug £71) all the laboratories analysing manganese in frozen samples

due to differences in preservation techniques. MnO, may be precipitating in the
frozen samples resulting in some inhomogeneity. Three of the four high
precision laboratories analysing frozen samples for Mn, plus #3 and #34 whose
precision could not be tested, agree on a replicate mean of 0.123 * 0.038 ug £ 3,
These same laboratories found the concentration of the dummy to be less than that
of the replicate with a mean dummy concentration of 0.075 * 0.042 ug £ *. Spike
recoveries were also fairly consistent at between 58 and 72%. The remaining
laboratory reported much higher mean concentrations but better spike recovery.
Two of the three high precision laboratories analysing acidified samples
for manganese agree on a replicate mean of 0.150 * 0.026 ug £°'. They also
agree on mean dummy concentrations of 0.084 + 0.019 ug £ ! and spike recovery
of 79%. The other high precision laboratories and the only other participant
reporting usable data find higher concentrations and spike recoveries. There is
remarkably good agreement between‘five frozen and two acidified sample analysts

on both dummy and replicate concentrations.

| ron

Results of iron analyses of frozen samples do not show agreement on the
concentration of the replicate samples, with two high precision laboratories
reporting means of ~0.5 pg € ! and three of ~1.3 yg 2_1._ The remaining two

participants have poor precision and much higher results. Only one of the
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laboratories with poorer precision than the cutoff for homogeneity sees a
significant difference between the replicates. There is no better agreement on
the concentration of the dummy sample, not even whether or not the dummy is
smaller than the replicate. Spike recoveries are also erratic varying between
15 and 76%. Three of the participants did not even see a significant difference
between the spike and dummy.

Three of four high precision laboratories analysing iron in acidified
samples agree very closely on a replicate mean of 1.02 = 0.27 ug £ *. Two of
the lower precision laboratories also report quite similar replicate means. The
remaining two participants report means 2.5 and 4 times the consensus value.

Two of the seven laboratories see replicate inhomogeneity when the homogeneity
test indicated that they should not. All but one laborétory (#38) found that
the dummy was lower than the replicate and that the spike was significantly
greater than the dummy. The four high precision laboratories plus #1 report a

dummy concentration of 0.81 + 0.27 ug £ ! and spike recoveries greater than 62%.
Nickel

Results of the replicate analyses of frozen samples for nickel are
clustered around two means; 4 laboratories at 0.176 + 0.040 ug £ ! and 3 at
0.425 £ 0.078 ug £ . High precision laboratories are included in both groups
although two of the three plus #34 are in the group with lower concentrations.
Most agree that the dummy is lower than the replicate but not on the concentra-
tions. All six laboratories find that the spike sample concentration is
significantly greater than the dummy with five of them getting spike recoveries
greater than 63%.

Three high precision laboratories analysing acidified samples also give
two estimates of the replicate meaJ (1 at 0.37 ug £™! and two at 0.19 * 0.03
ug £ ') that are very similar to the means of frozen samples. All three find
that the sample is homogeneous at their precision levels. There is better
agreement on the dummy, at least they all agree it is less than the replicate.
Two 6f the three give spike recoveries of 71 and 90%, the third is rather low
but all show the spike to be significantly higher than the dummy. The fourth
acidified laboratory has poorer precision and reports rather higher concen-

trations.
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Combining acidified and frozen high precision results plus those of
#34 we find five of seven laboratories with a replicate mean of 0.176 + 0.036
ug 2~ and a dummy mean of 0.149 % 0.060 ug 2-!. Three of these have spike

recoveries of 66, 70 and 73%.

Lead and Zinc

Very few conclusions can be reached after examination of the lead and
zinc returns because of the obviously elevated levels of both elements due to

contamination.

in looking at the frozen lead data we do have the benefit of a
reference value (from Dr. C. C. Patterson, CALTECH) of 0.30 ug & ! for the
replicate. Three of the high precision laboratories plus #34 found similar
concentrations. Three of these four also report similar concentrations for the
dummy (0.12 +£0.02 ug 2-!'). The remaining laboratories analysing frozen samples
and most of those analysing acidified samples report replicate means between
0.4 and 0.6 pg 27!, Most participants agree that the dummy was less than the

replicate but spike recoveries are erratic; some even greatly negative.

Even less can be said about the zinc results because contamination
problems were equally severe, the replicate was found to be inhomogeneous by
most laboratories and the spike was not seen. About the only point of agreement

is that the concentration of the dummy is greater than that of the replicate.

CONCLUS [ONS.

The results of this intercalibration demonstrate a substantial
improvement in the agreement between laboratories compared with previous
intercalibrations of this type (Brewer and Spencer, 1970; Jones, 1977). In
this respect the experiment was largely successful although the obvious
contamination of intercalibration samples with zinc and lead makes the results
for these metals of limited value. The concentrations of metals in the distributed
samples were, with the exceptions of zinc and lead, comparable with those in
typical continental shelf waters. The results of the intercalibration can therefore
be used to assess the capabilities of the participants in respect to the analysis

of shelf and nearshore waters. Their ability to analyse open ocean samples should
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be assessed through further intercalibrations using samples containing metal
levels more closely approaching those in the deep ocean basins as has been done
in the case of lead (Participants of the lead in seawater workshop 1974).

This experiment has also shown that considerable improvements in
analytical precisions for metals in seawater have been made. Such improvements
impose greater restrictions upon the degree of sample inhomogeneity that can be
tolerated in future similar intercalibrations. The 'state of the art' of trace
metal analyses in seawater has obviously improved sufficiently to warrant greater
efforts to ensure that replicate intercalibration samples are homogeneous
within the uncertainties imposed by the better analytical precisions now being
obtained. Different approaches to the preparation of replicate seawater samples
should be considered in order to avoid sample contamination during homogenization
procedures. '

Significantly lower values for all metals except manganese and nickel
resulted from the analysis of frozen, as opposed to acidified, samples. Spike
recoveries from frozen samples were also generally lower especially in the
cases of iron and manganese. Closer examination of such differences would
obviously be warranted in order to determine the better procedure for sample
preservation. Only in the case of cadmium are there significant differences be-
tween the results of electrochemical and atomic absorption methods applied to
samples containing near-ambient metal concentrations. Some caution should
therefore be exercised in directly equating the results of electrochemical and
spectroscopic analyses for cadmium in seawater.

A major problem in the interpretation of these intercalibration data
arises because the actual concentrations of the metals in the distributed
samples cannot be established. Although a consensus among high-precision
laboratories may suggest that this consensus reflects the true value, the only
authoritative way of solving this difficulty is to obtain reliable reference
values for the samples. This condition is only met in the case of lead in this
intercalibration. A frozen replicate sample was analysed for lead by Dr. C.C.
Patterson of the California Institute of Technology by isotope dilution mass
spectrometry. Since widespread international credence is given to Dr.
Patterson's lead analyses, we believe that we can accept his value of O.BOpgl’l
as a reference value for the frozen replicate samples. This value may not

apply to the acidified samples since they may be contaminated by the acid or
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leaching of the storage bottles at low pH. It would be most desirable to have
similar reference values for the other metals but this is not yet possible. As
a result the main criteria by which participant performance can be gauged are
precision and spike recovery although the most precise laboratories may not be
the most accurate. The use of spiked samples to determine relative accuracy of
analytical procedures - in such circumstances can be valuable. However as ana-
lytical precisions have been substantially improved, efforts should also be made
to reduce the levels of such spikes to values comparable with ambient seawater
concentrations.

Finally, the results of the intercalibration adequately demonstrate
that sufficient participants have both high precision and satisfactory mutual
agreement to justify closer attention to an examination of routinely-used
sampling and sample storage procedures as proposed to ICES by the Working Groups
on Marine Chemistry and Pollution Baselines and Monitoring in the North Atlantic

and discussed in a paper submitted to the 1978 ICES Statutory Meeting , (See
Cooperative Research Report, No.97, pp. 39—43.)

ACKNOWLEDGEMENTS

We thank Alan Boulanger of Computing and Applied Statistics Directorate,
Dept. of Fisheries and Oceans, Ottawa for help in formulating the experimental
design. We greatly appreciate the assistance of Rob Dobson and Bobby Fudge of
the Bedford Institute of Oceanography during various stages of the sample

collection and distribution process.



- 16 -
REFERENCES

BENDER, M.L., G.P. KLINKHAMMER and D.W. SPENCER. 1977. Manganese in seawater
and the marine manganese balance. Deep Sea Research 24: 799-812.

BEWERS, J.M., W.W. HALL and !.D. MACAULAY. 1974. A modified Niskin bottle for
trace element sample collection. BI0 Report BI-R-74-2.

BEWERS, J.M., B. SUNDBY and P.A. YEATS. 1976. The distribution of trace metals
in the western North Atlantic off Nova Scotia. Geochim. Cosmochim
Acta 40: 687-696.

BEWERS, J.M., G. TOPPING and H.L. WINDOM. 1980. Status and plans regarding
ICES intercalibrations for trace metals in sea water. ICES Coop.
ReS cRepu ’ NO.97=39—43 (]

BOYLE, E.A., F. SCLATER and J.M. EDMOND. 1976. On the marine geochemistry of
cadmium. DNature 263: hL2-L4i,

BOYLE, E.A., F.R. SCLATER and J.M. EDMOND. 1977. The distribution of
dissolved copper in the Pacific. Earth and Planetary Sciences Letters

37: 38-54.

BREWER, P.G. and D.W. SPENCER. 1970. Trace élement intercalibration study.
Woods Hole Oceanographic Institution. Technical Report #70-62.

BRULAND, K.W., G.A. KNAUER and J.H. MARTIN. 1978. Zinc in northeast Pacific
water. Nature 271: 741-743,

JONES, P.G.W. 1976. An ICES intercalibration exercise for trace metal
standard solutions. ICES CM 1976/E:15 (9 pp).

JONES, P.G.W. 1977. A preliminary report on the ICES intercalibration of sea
water samples for the analysis of trace metals. [ICES CM 1977/E:16
(13 pp).

OLAFSSON, J. 1976. Report on the ICES international intercalibration on
mercury in sea water. [ICES CM 1976/E:49 (11 pp).

OLAFSSON, J. 1978. Report on the ICES international intercalibration on
mercury in sea water. Marine Chemistry 6: 87-95.

PARTICIPANTS IN THE LEAD IN SEA WATER WORKSHOP. 1974. Interlaboratory lead
analyses of standardized samples of sea water. Marine Chemistry 2:

69-84.

PATTERSON, C., D. SETTLE and B. GLOVER. 1976. Analysis of lead in polluted
coastal sea water. Marine Chemistry h4: 305-319.

SCLATER, F.R., E. BOYLE and J.M. EDMOND. 1976. On the marine geochemistry of
nickel. Earth and Planetary Science Letters 31: 119-128.

STRICKLAND, J.D.M. and T.R. PARSONS. 1965. A manual of sea water analysis.
Fisheries Research Board of Canada Bulletin 125 (203 pp).



- 1F =

TABLE 1

METAL ADDITIONS TO SPIKED SAMPLE

Volume (mf) of Corresponding

1 mg 27! stock solution® concentration

Element added to 150 £ of spike ug £7!
Cr 150 1.0
Fe 510 3.4
Mn 54 0.36
Co 75 0.50
Ni 120 0.80
Cu 315 2.1
Zn 300 2.0
Pb 30 0.2
Cd 32 0.21

* Stock solution prepared 1000 ppm BDH AAS metal solution.



TABLE 2

SUMMARY OF RESULTS FOR ALL LABORATORIES EXCLUDING OUTLIERS (g2 ~%)

Cadmium Copper Iron Lead Manganese Nickel Zinc

acidified frozen acidified frozen acidified frozen acidifled frozen acidified frozen acidified frozen acidified frozen

Number of labs* 20 16 19 17 7 6 18 14 4 6 4 8 16 15
replicate x 0.097 .068 0.92 0.40 1.76 1.81 0.79 0.64 0.23 .18 0.42 0.35 6.55 3.69
S 0.6G84 .040 0.72 0.46 1.23 2.02 0.55 0.61 0.09 .16 0.34 0.23 1.97 1.42

dusmy X 0.100 .055 0.71 0.48 . 1.17 Y557 0.53 0.33 0.18 .20 0.46 0.33 9.58 6.52
s 0.086 .021 0.55 0.59 0.67 1.45 0.55 0.22 0.11 .19 0.52 0.34 2.52 2.66

spike x 0.244 .186 2.58 1.67 3.79 3.07 0.60 0.4 0.52 .38 1.11 0.94 8.86 5.53
s 0.094 .055 1.34 0.52 1.72 1.48 0.47 0.18 0.17 21 .76 0.56 2.42 2.31

% spike recovery 68 62 83 57 77 Ly 36 38 54 53 81 76 - -

* Qutliers excluded on the basis of Chauvenet's criterion.



TABLE 3

SUMMARY OF RESULTS FOR INFREQUENTLY ANALYSED ELEMENTS (ng £ 1)

Arsenic Chromium Cobalt Mercury Vanadium
acidified frozen acidified frozen acidified frozen acidified frozen acidified frozen

Number of 1labs 0 1 3 L 3 3 2 0 0 1
Replicate x 2.50 0.27 0.52 0.5 0.19 0.030 <5
1.59 <0.5 0.5 2.3 0.026
<0.5 <0.3 <0.02 <0.5
<5
Analytical 0.10 0.067 0.33 0.29 0.011 0.006
precision 0.59 1.30 0.004
Dummy x 2.26 0.16 0.37 0.4 0.19 0.033 <5
1,41 <0.5 <0.5 2.0 0.033
<0.5 <0.3 <0.02 <0.5
<5
Spike x 1.97 1.0 0.76 0.9 0.64 0.033 <5
1.8 0.5 <0.5 2.7 0.048
<0.5 1.45 0.33 <0.5
<5

Nominal spike 0.0 1.00 1.00 0.50 0.50 0.0 0.0

..6'[_



SUMMARY OF RESULTS FOR HIGH PRECISION LABORATORIES (ng £ %)

TABLE 4

Cadmium Copper Iron Lead Manganese Nickel Zinc
acidified frozen acidified frozen acidified frozen acidified frozen acidified frozen acidified frozen acidified frozen
Required analyt-
ical precision* 0.015 0.015 0.06 0.06 0.25 0.25 0.08 0.08 0.05 0.05 0.06 0.06 0.8 0.8
Number of labs 13 10 6 12 4 5 6 9 3 4 3 3 7 1
replicate X 0.059 0.047 0.33 0.19 1. 42 1.01 0.45 0.1 0.20 0.23 0.25 0.22 5.68 3.95
S 0.020 0.011 0.20 0.10 0.80 .50 0.08 0.16 0.09 0.18 0.10 0.11 1.23 1.30
dumny x 0.063 0.053 0.29 0.22 0.88 1.04 0.27 0.33 0.13 0.19 0.20 0.21 9.02 6.84
S 0.020 0.012 0.27 0.17 0.27 0.70 0.07 0.20 0.09 .20 0.07 0.15 2.37 1.97
spike x 0.207  0.195 1.8% 1.50 3.71 2.51 0.39 0.40 0.48 0.45 0.74 0.86 8.21 5.78
s 0.076 0.062 0.37 0.32 1.03 0.66 0.09 0.16 0.19 0.24 0.25 0.31 1.36 1.82
% spike recovery 68 67 74 61 83 43 62 35 97 72 68 82 - -

* analytical precision for repeated analyses of each replicate subsample <~20% of the replicate mean.

= 0¢



Comparison of sample storage and methodological differences based

FROZEN SAMPLES

0.

Element
Mean
cd 0.046
Cu 0.205
Fe 0.940
Mn 0.246
Ni 0.226
Pb 0.383
Zn 3.918 1
Element ATARIE
Mean
cd 0.056 0
Cu 0.258 0
Pb 0.446 0
Zn L.eo1 1

Nr is the number of individual analyses

0
0
0.
0
0

SD Nr
016 109
.158 130
516 51
178 40
.118 30
164 104
518 122
ABSORPTION
SD Nr
.021 214
« 191 160
=155 112
.202 129

10
12

11

19
15
10
12

TABLE 5

ACIDIFIED SAMPLES

Mean

0.061
0.335
1.318
0.193
0.235
0.447
5.676

ELECTROCHEMISTRY

Mean

0.048
0.230
0.352
k.797

SD

.024
.199
.673
.079
.088
.102

578

O O O O O ©

—

SD

0.026
0.159
0.101
2.574

N
v

151
74
k9
Lo
35
77
78

N
r

146
I
69
59

Np is the number of laboratories from which data are drawn

NN W w0y W

Vi Vi w o

upon high-precision results

DIFFERENCE

Diff T
-0.015 -6.05
-0.130 -4.81
-0.378 -3.16
0.053 1.71
-0.009 -0.35
-0.064 -3.24
-1.758 -8.18
DIFFERENCE

Diff T
0.008 2.17
0.029 0.92
0.093 L.91
=0,195 =0,56

Sig
Sig
Sig
NS

NS

Sig
Sig

Sig

Sig
NS
Sig
NS

NB Mean values will differ.from those given in Table 4 since the number of individual analyses
per laboratory varies.



TABLE 6

Statistical analysis of homogeneity check samples

cd Pb

Mn Fe Ni Cu Zn
= -1 -1 -1
ugl ugl ugl ugl

il =1 -1
ugl ugl ugl

0.011 0.031 1.43 0.016 0.056

¥ sma] SHETT Tor 0.009  0.16
replicate homogeneity

0.017 0.032 (1)

Standard deviation of 0.010 0.18  0.011  0.035 1.68

sample differences

variance is negative i.e. analytical variance is much larger than sample inhomogeneity

(1) indicates that sample
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APPENDIX I
ICES UTH ROUND .INTERCALIBRATION
-PARTICIPANT LIST-

* signifies laboratories from which analytical data were received.

CANADA

Dr. J. Campbell¥*

Bedford Institute of Oceanography
P.0. Box 1006

Dartmouth, N. S.

Canada

Dr. S. Berman¥*

Chemistry Division
National Research Council
Ottawa, Ontario

K1A OR9

DENMARK

Dr. G. Asmund¥

Grdnlands Geologiske Undersdgelse
Pster voldgade 10

1350 K&benhavn K

Denmark

M.F. Hovmand¥

Technical University of Denmark
Building 115

DK2800 Lyngby

Denmark

Arne Jensen®
Superfos a/s
Frydenlundsvej 30
Postboks 39
KD-2950 Vedbaek
Denmark

Kirsten Ottar Jensen
ISOTOPCENTRALEN
Skelbaekgade 2

1717 Copenhagen V.
Denmark

V.B. Jensen¥

Water Quality Institute
Agern Alle 11

2970 HSrsholm

Denmark

ENGLAND

A. Cockburn

Metropolitan Pollution Control
Thames Water Authority

Rivers House Laboratory
Crossness S.T.W.

Abbey Wood, London

England

SE2 9AQ

A. Cockburn

Metropolitan Pollution Control
Thames Water Authority
Northumberland House Laboratory
Modgen S.T.W.

Modgen Lane, Isleworth
Middlesex, England

I.W. Devenish, Area Chemist (Sussex)

Sussex Area Resource Planning Laboratory

Southern Water Authority
137-139 Preston Road
Brighton, England

BN1 6AF

P.G.W. Jones¥

Ministry of Agriculture, Fisheries & Food

Fisheries RadioBiological Laboratcry
Hamilton Dock, Lowestoft

Suffolk, England

NR32 1DA

N. de J. Loaring*
Southern Water Authority
Area Resource Laboratories
South Side Offices

Law Courts

Winchester, Hampshire
England

Mr. C.J. Triner

Divisional Laboratory Manager
Wessex Water Authority

2 Nuffield Road

Poole, Dorset

England
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FEDERAL REPUBLIC OF GERMANY

Dr. Helge Bergmann¥*
Bundesanstalt flr Gewdsserkunde
Postfach 309

D-5400 Koblenz

Federal Republic of Germany

Dr. Klaus Kremling#

Institut fur Meereskunde an der
~Universitat Kiel

Dusternbrooker Weg 20

D-23 Kiel 1

Federal Republic of Germany

Dr. Diether Schmidt*

Deutsches Hydrographisches Institut
Laboratorium Sulldorf

D-2 Hamburg 55

Wistland 2

Federal Republic of Germany

FINLAND

Dr. Folke Koroleff¥®
Institute of Marine Research
PB 166 SF-001L1

Helsinki 14

Finland

FRANCE

Mr. Flaugnatti®
Laboratoire Municipal
29 rue Bourg L'Abbé
76000 Rouen

France

M. Gibert#®

Laboratoire Departmental d'Analyses
Agricoles et de controle des Eaux
18 Lantivy

20000 Ajaccio

France

Mrs. F. Laumond¥

Laboratoire de Physique et Chimie Marines
Station Marine de Villefranche sur mer

La Darse
06230 Villefranche sur Mer
France

FRANCE (Continued)

M. Aubert*

Directeur de CENTRE de RECHERCHES
de BIOLOGIE d'Oc€anographie

1l Avenue Jean-Lorrain

06300 Nice

France

Professeur Arnoux
Faculté de Pharmacie
Université de Marseilles
France

J. Luc Charlou¥*

Centre Océanologique de
Bretagne -~ CNEXO

B.P. 337 Brest

France

Pierre Michel
ISTPM

IPM3 - Pollutions
Rue de 1'Ile d'Yeu
B.P. 10kL9

44037 Nantes Cedex
France

Yves Thibaud¥*
ISTPM

IPM3 - Pollutions
Rue de 1'Ile d'Yeu
B.P. 1049

44037 Nantes Cedex
France

Dr. A. le Bihan¥

Laboratoire d'Océanographie Chimique

Faculté des sciences de Brest
Avenue le Gargeu

29200 Brest

France

Michel Carrier*
DRA/SEA/SCAPE

B.P. 6. Cenfar

92260 Fontenay aux Roses
France

Mlle. Neuilly¥*

C.E.A. - Centre de Cadarache
SCA/SACI - Bt. 152

B.P. N° 1

13115 8t. Paule lez Durance
I'rance



FRANCE (Continued)

Michel Leveau, Robert Arfi
Laboratoire d'Hydrobiologie Marine
Faculté des sciences de Luminy

de 1l'université de Marseille

70 Ste. Leon LaChamp 13009
Marseille, France

J.G. Paugere, P. Hocquellet¥
Laboratoire Municipal

Rue du Professeur

33300 Bordeaux

France

Gustave Cauwet¥

Centre de Recherches de
Sédimentologie Marine

Centre Universitaire

Avenue de Villeneuve

66025 Perpignan

France

GERMAN DEMOCRATIC REPUBLIC

Dr. L. Brugmann¥

Akademic der Wissenschaften der DDR
Institut fiir Meereskunde

253 Warneminde, Seestrasse 15
Schliessfach 38

German Democratic Republic

ICELAND

Jon Olafsson%

Marine Research Institute
Skulagata U

Reykjavik, Iceland

IRELAND

Dan O'Sullivan¥*

Department of Fisheries

National Fisheries Research Centre
Abbotstown, Castlenock

County Dublin, Ireland
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MONACO

R. Fukai*

International Laboratory of
Marine RAdioactivity

IAEA

c¢/o Musée Océanographique

Principauté de Monaco

Mr. R. Vaissiere¥*

Laboratoire de Microbiologie et
d'études des Pollutions Marines

Centre Scientifique de Monaco

NETHERLANDS

J.C. Duinker¥*

Netherlands Institute for Sea Research
P.0. Box 59 den Burg

Texel, Netherlands

J. Hazenberg¥
Maerlant 5

P.0. Box 17
Lelystad, Holland

Mr. S.J. Spijk*

Division of Technology for Society TNO
Department of Analytical Chemistry
P.0. Bex 217

Delft, The Netherlands

Dr. Jaap Kocken¥

Department of Soil Chemistry
Institute for Soil Fertility
Oosterweg 92

Haren (Gr.)

The Netherlands

NORWAY

P.E. Paus, Beate Enger

Central Institute for Industrial Research

Forskningsveien 1
Blindern, Oslo 3
Norway

Dr. Walter Lund¥
Department of Chemistry
University of Oslo

P.0. Box 1033 Blindern
Oslo 3

Norway



PORTUGAL

Carmen Lima, Carlos Vale
Rua Antonio Candido, 9
Lisboa 1
Portugal

SCOTLAND

Dr. T.M. Leatherland¥

Clyde River Purification Board
Rivers House, Murray Road

East Kilbride, Glasgow
Scotland G75 OLA

Dr. G. Topping¥*

D.A.F.S., Marine Laboratory
P.0. Box 101

Torry, Aberdeen

Scotland

SWEDEN

T.V. Wachenfeldt

Department of Marine Botany
Tuna v. 37

8-223 62 ILund

Sweden

U.S.A.

Peter F. Regerson

Chief, Analytical Branch
USEPA/ERL

South Ferry Road
Narragansett,RI 02882
U.S.A.

Dr. L.V. Sick¥

College of Marine Studies
University of Delaware
Lewes, DE 19958

TSk

H.L. Windom*

Skidaway Institute of Oceanography

P.0. Box 13687
Savannah, GA, 31406
U.S.A.

Dr. David Young

Southern California Coastel Water

Research Project
1500 East Imperial Highway
El Segundo, CA  902L5
U.S.A.
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U.S.A. (Continued)

Donald K. Atwood¥
NOAA/AOML/OCL

15 Rickenbacker Causeway
Miami, Florida

U.S.A. 331k

Francis T. Brezenski

Laboratory Director

U.S. Environmental Protection Agency
Region 11, S & A Division

Edison, N.J. 08817

U.S.A.

Dr. S.Y. Feng

Marine Research Laboratory
The University of Connecticut
Noank, CT 06340

U.S.A.

Thomas R. Gilbert

Edgerton Research Laboratory
New England Aquarium

Boston, MA 02110

U.S.A.

Peter J. Hanson

NOAA

National Marine Fisheries Service
Beaufort Laboratory

Beaufort, NC 28516

UsS. A

Dr. Richard L. Harris¥

Commonwealth of Virginia

Virginia Institute of Marine Science
Gloucester Point

Virginia 23062

Dr. Dana R. Kester*

Graduate School of Oceanography
University of Rhode Island
Narragansett Bay Campus
Kingston, RI 02881

U.S.A.

George A. Knauer¥

Moss Landing Marine Laboratories
Biological Oceanographer

P.0. Box 223

Moss Landing, CA 95039

U.S.A.
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U.S.A. (Continued)

James W. Murray

Department of Oceanography
University of Washington
Seattle, Washington 98195
U.S.A.

Richard Greig

National Marine Fisheries
212 Rogers Avenue
Milford, CT 06460
U.S.A.

L. Mayer, D. Bause, H. Patterson, L.K. Fink
Ira Darling Center

University of Maine

Walpole, MA  0L5T3

U.S.A.

Dr. C.C. Patterson¥*

Division of Geological Science
California Institute of Technology
Pasadena CA 91125

U.S.A.

U.S.8.R.

Harry Yankovsky¥*

Department of Marine Chemistry

Institute of Thermophysics
and Electrophysics

Academy of Sciences of the
Estonian S.S.R.

200105 Tallinn

Paldisky St. 1

U<8.5.R.
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APPENDIX 11

As/Cd
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APPENDIX 11 ADDENDUM

An extra set of results was received from an additional Canadian
laboratery that analysed residual water within samples provided
to @ listed participamt. Their reported concentrations for
acidified samples analysed by anodic stripping voltometry at the
storage pH are listed below but not included in any of the data
interpretation.

IDENT. MEAN S.D. N. C) Co Cs Cy
Cadmium
Spike 22 0 2 0.22 0.22 - =
Dummy .070 .020 4 0.049 0.072 0.063 0.097
R1 .035 .010 4 0.023 0.033 0.036 0.048
R2 .048 .010 L 0.042 0.039 0.061 0.048
R3 .058 .003 3 0.057 0.061 0.056 -
Copper
Spike 1.95 .07 Z 1.9 2.0 = =
Dummy .64 .22 L 0.55 0.51 0.51 0.97
R1 .16 .04 4 0.12 0.147 0.21 0.18
R2 .25 .14 b 0.17° 0.46 0.15 0.21
R3 2.83 .75 4 2.3 3.9 2.3 2.8
Lead
Spike .43 .01 3 0.43 0.43 0.44 =
Dummy b2 .09 4 0.29 0.43 0.49 0.46
R1 47 .02 L 0.45 0.46 0.49 0.50
R2 .52 .03 L 0.48 0.52 0.52 0.54
R3 .68 .05 3 0.63 0.73 0.68 -

"PPY

"PPY

_9L_
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APPENDIX 111

ARSENIC FROZEN

- W S — T . ———— — —— -~

----------------------- REPLICATES / DUMMY~=ememmececccecmccee————
LAB MEAN 5« D SANAL F  SIGNIF MEAN DIFF
REPS REPS UMMY
15 2.500 .163 .102  6.70 SIG 2.263 <237

---------------------- SPIKE / DUMMY==sm—om e e e
LAB MEAN MEAN DIFF PER CENT F SIGNIF T  SIGNIF
SPIKE  DUMMY RECOVERY
15 1.973 24263 =.290 0.0 22.80 S1I6 -4,77 SI16
NOMINAL SPIKE VALUE IS 0.000 UG/L.
AN ASTERISK INDICATES A MEAN LESS THAN THREE TIMES SANAL,
A PLUS SIGN INDICATES UNEQUAL VARIANCES FOR A T-TEST.
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