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1. INTRODUCTION

The pollution of the Mediterranean Sea is nowadays a potentially
important problem and many laboratories in varicus Mediterranean
countries are investigating this matter within the framework of the
Mediterranean Action Plan (MEDPOL-Phase I1)}.

Among the various possible forms of pollution, that caused by heavy
metals is perhaps the most important one since these substances are
accumulated in the marine food-web and are not destroyed with time.

Filter-feeding animals (e.g. mussels) and coastal sediments are
often considered as contamination indicators of the marine snvironment.
Mussels react quickly to the pollution of the surrounding ses water,
wnile wmechanisms of transfer and fixation of heavy metals inteo sediments
often reflect long—-term processes. Broadly speaking, it may be said that
mussels act as a short-term "memory”" of the pollution of sea water by
heavy metals while sediments constitute a long—term '"memory" of this
pellution.

Many scientists, therefore, who study the contamination of the
Mediterranean Sea are faced with problems of analysis of heavy metals in
mussels and sediments. Since these analyses are often very difficult and
require elaborate techniques, it was judged appropriate to provide the
analysts working in institutes participating in MEDPOL Phase II with an
opportunity for checking their analytical performances. One of the
essential ways to achieve this aim is the simultaneous analysis of a
homogeneous material by many laboratories working independently from each
other and using various methods of analysis. For each element analysed,
results are normally grouped around a central value which may be
considered as the best estimation of the "true" concentration of the
analysed element in the material. Each analyst can then evaluate the
systematic error of his method by the deviation of the average of his own
results from this value which is usually termed the "consensus value" in
laboratory intercompariscns.

2. SCOPE OF THE INTERCOMPARISON

Each participant received a sample of lyophilised mussel tissue
and/or a sample of coastal sediment. These samples originated from
batches of homogenized materials which are described below. Each sample
was accompanied by an information sheet and a report form. Participants
were requested to determine as many as they could from among the
following 15 elements: Ag, As, Cd, Co, Cr, Cu, Fe, Hg, Mn, Ni, Pb, 8Sb,
Se, V and Zn.

. In total 19 1laboratories from 9 countries participated in this
intercomparison run. Seven laboratories analysed the nmussel sample only,
4 laboratories analysed the sediment sample and B8 laboratories analysed
both samples. In the case of the MA-M-2 material (mussel) 120 laboratory
means were reported for 15 elements but for 2 of them only isolated
results (1 or 2 laboratory means) were supplied. In the case of the
SD-N-1/2 material (sediment) 101 laboratory means were reported for 15
elements and for 5 of them only isolated results were obtained.



3. DESCRIPTION OF THE MATERIALS

a. Mussel MA-M-2/TM

Since this material was alsc used in other intercomparisons (e.g.
worldwide intercomparisens for determination of trace metals and
organcchlorine compounds), a large amcunt (about 17 kg) of lyophilised
mussel tissue was prepared and homogenized in the following way:

About 600 kg of Mediterraneen mussels (Mytilus galloprovincialis)
were purchased from a local supplier. Soft tissues were separated from
the shells using stainless steel knives. The shells were discarded and
soft tissues were lyophilised on aluminum trays covered with plastic
sheets under a vacuum of 107* Torr.

Lyophilised tissues were ground in a mixer made of stainless steel
and glass only. The fraction of the material passing through a 150 pm .
sieve was collected and the residue was again ground in a porcelain ball
mill., After grinding, the resulting powder was again sieved and the
fraction passing through a 150 um sieve was added to the first portion of
powder.

Homogenization was dome by mixing the entire gquantity of powder
having particle size < 150 pm in a stainless steel rotating drum for 100
hours. Then, aliquots of 25 g were packaged into glass bottles sealed
with plastic screw caps,

The homogensity of the material for trace slements was checked by
determining the concentration of some typical heavy metals in ten 500 mg
samples taken randomly from the bulk of the powder. The samples were
mineralized by wet ashing with nitric acid and zinc was determined by
flame atomic absorption spectroscopy while the flameless technique was
applied to the determination of Cd, Cu, Mn and Pb. Each sample solution
was analyzed 10 times. A one-way variance analysis showed that the
variance between samples could be explained by the analytical variance
for each alement determined {at a significance level of 0.05). This
material was, therefore, considered as homogeneous for the purpose of the .
intercalibration (at least for a sample weight = 500 mg).

The water content of the lyophilised material as determined by
drying to a constant weight at 85°C was found to be 6.5%. As, however,
the water content may vary with changes in the ambient humidity and
temperature, it was recommended that the water content of this material
be always determined in a separate sub~sample (not that taken for
analysis) by drying for 48 hours at 85°C. All results were to be
reported on a dry-weight basis.

b. Sediment SD-N-1/2/TM

This material was also used in other intercomparison runs (e.g.
worldwide intercomparisons for determination of ¢trace metals and
radicnuclides). It was prepared in the following way:

Approximately 100 kg ‘of surface sediment were collected in 13973 :
from the Scheldt Estuary (North sea) by the Delta Institute for
Hydrobiological Research, Netherlands. After drying at 105°C, grinding
and sieving, the powdered sediment was homogenized in a stainless steel
rotating drum for one wesk. Then, aliquots of about 25 g of this
material were dispensed intc small polyethylene bottles with double seals.



The approximate mineral composition of the matrix is the following:

60% quartz 8% feldspar
20% calcite 3% NaCl (residual sea salts)
10% clay minerals 1-2% pyrite

Homogeneity tests were performed on a number of samples selected at
random, by determining Cr, Cs, Fe, Hf and Eu in 100 mg - aliquots by
instrumental neutron activation analysis. On the other hand, the
concentrations of C€d, Cu, Mn, Pb and V were measured in 200-500 mg
aliquots by flameless atomic absorption following sample decomposition by
acids. In neither case did the relative standard deviation exceed 4%.
The "between samples” variances showed no significant differences from
the "within samples" wvariances for all the elements tested (at a
significance level of 0.05).

The loss of weight on drying 1-2 g aliquots of this sample at
105-110°C was found to be about 1.5%.

All results were to be reported on a dry-weight basis.

4. EVALUATION OF RESULTS

The data provided by laborateories participating in this
intercomparison are presented in Tables 1-15 for the exercise on
MA~M-2/TM (mussel) and in Tables 16-30 for the exercise on SD-N-1/2/TM
(sediment). All results relevant to a given element are grouped in the
same table. The terms used in the tables are defined as follows:

Unit: Units in which the concentration of an element to be
determined 1is expressed. In this intercomparison, all results are
expressed in pg g™+ {micrograms per gram) of dry-weight, except for, irom
in sediment, the concentration of which is expressed in mg g"l
(milligrams per gram) of dry-weight.

Labeoratory Code No.: Each laboratory was represented by a code
number, which remains unchanged throughout the tables. These numbers,
however, do not correspond to the sequence of laboratories in the list of
participants given at the end of this report, so that anonymity is
preserved. When a laboratory has used two different analytical
procedures for the determination of the same element, the results are
distinguished as different sets of data by the capital letter A or B
added to the code number. The same procedure is applied when the same
co-ordinator supervises two different laboratories which may use the same
basic methed for detsrmination of the same element, The sets of results
furnished by the two laboratories are still distinguished by the letter A
or B added to the same code number.

Method: Participating laboratories were requested to give basic
informaticn on the analytical metheods which they applied to the
determination of trace elements. These methods are described in the
Tables 1 - 30 by a code, namely:



INAA: neutron activation analysis (instrumental)

RNAA: neutron activation analysis (with rediochemical separations)

Flame—-AAS: atomic absorption spectroscopy (flame technique)

GF-AAS: atomic absorption spectroscopy (graphite—-furnace technique)

Hydride~AAS: atomic absorption spectroscopy (hydride generation
tachnique)

CV—-AAS: atomic abscrption spectroscopy (cold-vapour technique)

ASV: anodic stripping voltammetry (or other voliammetric technique)

No. of determinations: The number of individual determinations of
a given trace element, performed by a laboratory using the same
analytical procedure.

Laboratorv mean: The arithmetic mean computed frem all individual
results supplied by a laboratory for the determination of a given trace
element. An asterisk next to a laboratory mean denotes that this mean
was c¢lassified as an outlier and was not taken into account when
computing the overall mean.

Coefficient of variation: The ratio (expressed in percent) of the
standard deviation of the individual results of determination of a given
trace element to the laboratory mean (the standard deviation is computed
in the usual way). The coefficient of variation was not computed when
less than 3 individual results were reported.

"Consensus values" established on the basis of worldwide
intercompariscns for the determination of trace elements in the same
materials are also given in Tables 1-30. These intercomparison runs ware
carried out in 1883-1985 and involved the participation of a large number
of laboratories, namely 55 laboratories from 29 countries for the
MA-M-2/TM exercise (mussel) and 98 laboratories from 42 countries for the
SD~N-1/2/TM run {sediment). The results of these intercomparisons and
the procedures for establishment of "consensus values” have heen
presented in reports issued by the Intermational Atcmic Energy Agency
(1,23, Briefly, "consensus values” were established by a non-parametric
procedure as fallows:

1. For a given trace element, the laboratory means are computed
and arranged by ascending order.

2. "Cutliers™ are eliminated by a distribution—free procedure (3).

3. The overall median of the set of the "accepted”" results is
computed in the usual way and its confidence 1limits are
calculated using statistical tables (4).

4. The overall median is accepted as the most robust estimator of
the "true"” concentration value of this element 1in the
intercomparison material, i.e., the median is chosen as the
"consensus value" for this element.

5. DISCUSSION

It was not the purpose of this MEDPOL intercomparison to establish
consensus valuss for trace element concentrations in the materials to be
analysed. These values have been already established for most elements
with a satisfactory degree of confidence on the basis of a large number
of results provided by many laboratories using various methods of



analysis. In the case of the MEDPOL results, the number of reported data
for a given element is in most cases much smaller than the number of
results of the worldwide intercomparison for this element. The
application of non-parametric statistics is not suitable in this case,
since such procedures are indeed asymptotically distribution-free and
give a too large confidence interval for the median when the size of the
sample is small. In this exercise, therefore, outliers were identified
by applying the t - test at the significance level & = 0.01 (two-sided)
and by deing the assumption of a normal distribution of data for each
element. The mean values of the sets of results obtained after
elimination of outliers and their confidence intervals were then computed
in the usual way, i.e.:

R-t.8/T1 < p < X+ t.s/ynm

theoretical mean of the distribution of results
arithmetical mean of the distribution of results
standard deviation of the "accepted” results

number of "accepted" results

Student’s factor for (n -~ 1) degrees of freedom and
gignificance level & = 0.05 (two—-sided)
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In Table 31 {mussel) and Table 32 {(sediment) these mean values are
given together with their confidence intervals and they are compared to
the "consensus values" resulting from the worldwide intercomparisons.
The confidence intervals of the consensus values are alsc given (one can
notice that thessa intervals are asymmetrical). In the case where the
number of "accepted” results was smaller than five, no mean value was
computed from the MEDPOL results. The range of the accepted results is
given instead.

For some elements (Ag, Ni, Pb, Sb, V in mussel and Fe, Hg, Se in
sediment) no certified consensus values could be derived from the
worldwide intercomparisons, i.e. the median values could not satisfy the
e¢riteria chosen for their gualification (too large dispersion of results,
disagreement between different methods, etc.). In such a case, a
non-certified information wvalue 1is given together with its confidence
interval. If it was not even possible to derive an information value
owing te data of too bad quality, only the range of the "accepted”
results is given.

From the results given in Table 31 (mussel MA-M-2/TM), one can see
that the overall agreement between the average of the MEDPOL results and
the "consensus value" is good in the case of the determination of Cd, Co,
Cr, Cu, Fe, Hg, Mn, Pb, Se and Zn. There is an overlapping of the
confidence intervals of both central values for these elements. Taking
inte account the dispersion of rasults and the ranges of the reported
data, the agreement appears to be not bad for Ag, As, Ni, Sb and V. For
these elements, the ™"accepted" results, although not of very good
quality, are at least of the same order of magnitude.

In the case of the sediment SD-N~1/2/TM (Table 32), the overall
agreement between the results of the MEDPOL run and these of the
worldwide exercise seems to be good for Ag, As, Cd, Co, Cu, Hg, Mn, Ni,
Pb, Se and Zn. For these elements, there is an overlapping of the
confidence intervals of both central values. For Cr and Fe, however, the
overall means of the MEDPOL results significantly differ from the
"consensus values" derived for these elements from the worldwide
intercomparison. On the other hand, a single result only was provided in
the MEDPOL run in the case of Sb and V and this result is for both
elements significantly lower than the "consensus value".



A survey of the results given in Table No. 20 (Cr in sediment)
shows that all reported laboiatory means are significantly lower than the
consensus value (149 ng g +; with the exception of the results give? by
Laboratory No. 2 (132.0 pg g°%) and Laboratory No. 19 (161.8 pg g *).
Both results were obtained by two different tachniques (Flame—AAS and
INAA, respectively). All ther results were obiained by Flame—AAS and
vary between 25.2 png g - and 98.8 pg g *°. These results are
surprisingly low if one compares them with the data of the werldwide
exercise (2). When one looks carefully at the results of the worldwide
exercise, however, it appears that 85% of the results obtained by AAS
(flame and graphite~furnace techniques together) are below the "consensus
value” while 85% of the results obtained by INAA are above this value.
It seems, therefore, that in this particular case, atomic absorptien
spectroscopy has a tendency to produce lower results than neutron
activation analysis. This may be due to the fact that nuclear methods
such as INAA are less sensitive to matrix effects than spectrochemical
methods e.g. AAS. This tendency is again obviocus in the MEDPCL exercise
since 8 out of 9 results were produced by flame—-AAS and were all lower
than the single result obtzained by INAA. Unfortunately, the number of
results obtained by other metheds in the worldwide intercomparison is too
low to establish with certainty which method, AAS or NAA, gave the best
results in that case.

As already mentioned, another discrepancy was found between the

" mean value of the MEDPCL results and the consensus value in the case of
the detsrmination of iron in the sediment SD~N-1/2. If one looks at the
results of the MEDPQL. exercise given in Table 22, one can see that a very
low result (C.1l mg g‘l) was not detected as an outlier by the t-test at
the 0.0l significance level. If this refult is remcved from the set, one
gets a new mean value of 26.5 + 6.8 mg g+ which still fignificantly
differs from the consensus value 36.4 (35.3 - 37.8) mg g *. The results
af the worldwide intercomparison, however, do not seem to indicate that
flame atomic absorption spectroscopy has a tendency to give lower results
than the other snalytical techmiques such as neutron activation,
plasma—AES, etc. The reasons for which 7 out of 8 determinations of
iicn by flame—AAS seem to be toc low in this case are, therefore, not
clarified.

As far as the data reported for silver are concerned, the two
results obtained by AAS in the case of the mussel sample are of the same
order of magnitude as the single result reported by INAA (Table No. 1).
This can be considered as satisfactory if one takes into account the ¥ery
low level of concentration of this element in mussel (about 50 ng g~ ).
Only the result cbtained by INAA, however, is in close agreement with the
consensus value (not certified). In the case of the sediment sample,
only one result was reported, which agrees quite well with the certified
consensus value (Table 18). This result was also obtained by INAA.

Three results were reported for the determination of arsenic in the
mussel sample (Table No. 2). Two of them seem tc be in good agreement
with the consensus value and were cbtained by NAA (with radiochemical
separation) and AAS (hydride generation technique). The third result,
however, seems to be toc low (by about a factor 2). It was obtained by
hydride~AAS. Two ressults were reported for arsenic in the sediment
sample (Table WNo. 17). They were cbtained by hydride—AAS and NAA (with
radiochemical separation) and both agree pretty well with the consensus
value for this element.



Fifteen determinations of cadmium in the mussel sample were
reportfd (Table No. 3) with two of them probably too low (0.35 afd 0.5
RE £ and two of them obviously too high (2. 7% and 9.68 pg ¢ The
other results are well grouped (1.12 - 1.81 ug ¢ and are in good
agreement with the certified consensus value (1 32 pe £ 1) All results
were obtained by three different techniques (AAS, NAA and ASV). It is
interesting to notice that the four incorrect results were obtained by
graphite furnace-AAS. $8ix good results, however, were reported by
participants using this method. One cannot say, therefore, that this
technique gave poor results in this case but it seems that some
laboratories do not master well the analysis of cadmium in biological
samples by graphite furnace - AAS. On the other hand, out of 12
determinations of cadmium 1? the sediment sample (Table No. 18), one is
obv1ouily too low (0.79 pg g *) and an other one somewhat too high ,(15.3
ng g The other resuits are well clustered (10.4 - 13.5 pg g 11 and
are in good agreement with the certified consensus value (11. 0 pe g

As Tar as the data obtained for cobalt are concerned, the seven
results reported for the determination of this element in the mussel
sanle (Table No.4) are spread over a fairly wide range (0.48 - 1.61 pg

which, however, is _relatively well centered on the certified
consensus value (0.88 pg.g 1) Two results, however, seem to be too low
(0.48 and 0.50 pg g !) and were obtained by _4SV and Flame-4S,
respectively. Two other ones (1.29 and 1.61 ug g~*) seem to be toco high
and were obtained by graphite~furnace AAS. The determination of cobalt
in the sediment sample {Table No. iS) gave also rise to a wide range of
reported wvaluss (4.7 - 12.8 pg g7 +) which were obtained by flame—AAS, ASV
and NAA, When compared with the certified consensus value (12.1 pe_ g+,
two results obtained by flame-AAS were too low (4.7 and 8.4 pg g ~1y,
Only the two results obtained by neutron activation analysis (either
instrumental or with radiochemical separatxfns) are in close agreement
with the consensus value (l1.1 and 12.6 pg.g It seems, therefore,
that for both samples the best determlnatlons of cobalt were done by
neutron activation analysis.

The results for chromium in the mussel sample (Table No. 5) are
relatively well frouped (1 05 - 1.89 tg ) with the exception of one
result (2.45 pg ¢ ) which is probably teo nlgh. The reportid values do
not differ very much from the consensus value (1.25 pg g Results
were obtained by graphite furnace -~ 4AS, flame ~ AAS and INAA.
Systematic differences between the resulis of the different methods.do
not seem to exist. As previocusly discussed, results are not so
satisfactory for chromium in sediment since the measurements done by
atomic absorption were significantly lower than those obtained by neutron
activation analysis (Table No. 20}.

As far as the results cbtained for copper in the mussel samgle are

concerned (Table No. 6), one resuli seems to be too low (2.0
another one foo high (13.3 ug g *) when compafed with the other results
whlch are pretty well grouped (6.0 - 10.0 pz ¢ The range of thf

"accepted" results is well centered on the consensus value (8.0 pg g 7).
These results were cbtained by atcomic absorption spectroscopy (flame and
graphite~furnace) and by neutron activation analysis. The two incorrect
results were obtained by flame—AAS which, however, is usually a good
technique for the determination of copper, as shown by the other results
obtained by this technique. The determinations of copper in the sediment
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(Table No. 21) are less satisfactory. One result obtained by {lame~AAS
is obviocusly too low (13.4 pg g7*) while the "accepied" results are
spread on a relatively wide range (46.6 - 82.2 ug g ~). Eight out of the
te? reported resulis are below the certified comsensus value (72.2 pg
g+, All these results, except one, were obtained by f{lame-AAS, It
seems, therefore, that a chemical interferance due to the sediment matrix
is responsible for the too low results obtained by flame-AAS in this
particular case.

The resulis cbtained for the determination of ireon in the mussel
sample (Table No. 7) are _spread on a relatively large range of
concentrations (182-338 ug g"l). Seven out of the 8 reported results are
hifher than the certified consensus value. Except one result (338 ng
g~*) which is probably too high, all data are in good agreement wit
those of the worldwide intercomparison. These results were obtained
either by flame~AAS or by graphite furnace~AAS and systematical
differences do not appear. Results are not so satisfactory for iron in
sediment (Table No. 22). As previocusly discussed, one result is
obvicusly too low (G.11 mg g ~+) and all other results, except one, are
significantly lower than the consensus value.

As far as the results obtained for the determination of mercury in
the mussel sample are concerned (Table No. 8), it is noficeable that the
range of the reported results is wide (0.35 - 1.85 pg g *). This range,
hoYever, is well centered on the certified cons?nsus value (0.95 ng
g One result is obvious}y too high (1.85 pg g°*) while two other
ones (0.35 and 0.38 pg g7-), although not detected as outliers by the
t~test, sesm to be tac low. All results, except one, were obtained by
cold vapour atomic absorption spectroscopy. The results are not go good
for the determinaticn of mercury in sediment (Table No. 23). Their range
is wide (0.13 - 2.14 ng g ') and they are very dispersed, so that no
outlier could be detected by the t-test. The range of reportad results,
however, is well centered on the %nformation value derived from the
woridwide intercomparison (1.46 pg g~*). This value, however, is not
certified, owing to a strong dispersion of the resulits of the worldwide
intercompariscn. It appears from these results, therefore, that most
laboratories do not master completely the determination of mercury in
saediment samples.

Nine laboratories reported results of determination of manganess in
the mussel sample (Table No. 8). They were all determined by AAS (flame
and graphite-furnace) and by NAA. The range of the accepted results
(63.2 - TI.O ng g *) is well centered on the certified consensus value
(67.1 pg g7+). " One result only seems to.be tooc high and was obtained by
graphite furnace - AAS (87.4 nug g71). Results reported for the
determination of manganese in the sediment sample (Table No. 24) ars also
satisfactory, although that 7 out o{ the 8 reported results are below the
certified consensus value (777 pg g™ +}. All these results were obtained
by flame-AAS. This technique seems, therefore, in have a tendency to
produce results which are rather low, which is possibly due to a chemical
interference related to the sediment matrix.

Only 5 laboratories reported values for the determination of nickel
in the mussel sample (Table No.,10). One result obtained by flame-aAs is
obviously too high (4.98 ng g"l). For the other results one can conclude
that they appear to be reasonable when compared to the resulis of the
worldwide intercomparison since no consensus value and no information
value could be derived from this intercomparison. The results obtained
for nickel in sediment (Table No. 25) are well groupe? and in good
agreement with the certified consensus value (31.0 pg g7-). Three of
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them, however, seem to be a little too low (19.5, 22.0 and 22.]1 pg g‘l).
They were obtained by flame—AAS. Here also an uncorrected chemical
interference may be the cause of this disagreement.

Thirteen laboratories reported results for the determination of
lead in the mussel sample (Table No. 11). One of them is obv}ously too
high and was found to be an outlier by the t-test (11.2 pg g *).. The
range of the "accepted” results is very wide (0.538 - 3.60 ug g ’1) but
their dispersion is comparable to that of the results of {the worldwide
intercomparison from which no certified consensus value could be
derived. It is interesting to notice that the centra% values of both
exercises are close to each other (1.8 and 1.8 pg g 7). Most results
were obtained by graphite furnace—AAS and some of them by flame-AAS. No
systematic difference hetween both techniques was found. As far as the
lead determinations in the sediment sample are concerned (Table No. 26),
cne result is obviously too low (55.9 pg g-1) and was detected as an
outlier by the t—~test. The other results are pretty grouped and tEeir
range is well centered on the certified comsensus value (120 pg g7*).
Almost all determinations were performed by flame—AAS which is a
sufficiently sensitive method at this concentration level.

The reported data for the determination of selenium in the mussel
sample are satisfactory (Table No. 12). All results lie in the
coEfidence interval of the certified consensus value (1.70 - 2.56 pg
£ *). They were obtained by NAA and AAS (hydride generation technique).
Only two results of determination of selenium in the sediment sample were
reported (Table No. 28). One result was obtained by AAS (hydride
generation) and is close to the non-fertified information value of the
worldwide intercomparison (2.8 pg g *). The other resu}t was obtained by
NAA (instrumental) and seems to be too high (4.51 pg g™-).

Fourteen results of determination of zinc in the mussel sample Yere
reported (Table No. 15). One result is obviously tooc low (15.4 ng g™+)
and was found {o be an ocutlier by the t—-test. The "accepted" results are
spread on a wide, range which gives a factor 2 between the extreme values
(107 - 214 ng g“l). This is surprising because, in principle, zinc is
easy to determine in biclogical materials. Since maost of the
determinations were done by flame—AAS, one can assume that uncorrected
chemical interferences and possibly contamination errors during analys:s
are responsible for such a dispersion of the data. The range of reported
results, however, is relatively well centered on the fertified consensus
value from the worldwide intercomparison (158.5 pe g+ As far as the
results reported for the determination of zinc in sediment are concerned
(Table No. 30), one can observe that they are alsec spread on a_wide
range. Two results are obviously too low (21.0 and 41.3 pg g *) but were
not detected as outliers by the t~test at the e = 0.01 significance
level, probably because all results are %oo much dispersed. All other
results lie in the range 281 - 688 pg g *, which is relatively well
centered on the certified Eonsensus value from the worldwide
intercomparison (433 ug g°*). The scatter of results, therefore, is more
evident for the sediment sample than in the case of the mussel sample.
Here, uncorrected chemical interferences and contamination errors during
+ analysis are probably the cause of this dispersion since mest resulis
were obtained by flame—AAS.
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6. CONCLUSIONS

With the exception of the determination of two elements in the
sediment sample, one can state that the results of these MEDPOL
intercompariscn runs deo not show any significant difference from the
rasults of the c¢orrespeonding worldwide exercises. The quality of the
results is approximately the same in both situations. With some
exceptions it seems, therefore, that at present the analytical work of
Mediterranean institutes has reached a level of quality comparable %o
that of laboratories located in other parts of the world, as far as the
analysis of trace metals in marine biclogical and geological materials is
concerned,

It should be noted, however, that the number of analytical methods
which ware used in these MEDPOL intercomparisons was rather limited. 1In
the case of the mussel MA-M-2/TM, about 85% of the reported results were
obtained by AAS in its various forms (flame, graphite furnace, etc.)
while approximately 12% of the determinations were done by NAA
(instrumental or radiochemical) and 3% by ASV. In the case of the
sediment SD-N-1/2/TM, about 33% of the reported results wers obtained by
AAS, 13% by NAA and 4% by ASV. No determinations were reported for other
analytical techniques of trace elsment determinations such as X-ray
flucrescence or plasmz atomic emission spectroscopy.

The within-laboratory precision is satisfactory as shown by the
following figures:

For the mussel MA-M-2/TM, 65% of the reported coefficients of
variation lie betwean O and 10%, 25% are between 10 and 20%, $% betwesn
20 and 30% and only 1% higher than 30%. In the case of the sediment
SD-N-1/2/T™, 90% of the reported coefficients of variation lie between O
and 10% and the remaining 10% are between 10 and 20%. The overall
within-laboratory precision is, therefore, better in the case of the
SD-N-1/2/TM exercize. This could be expected, since the trace element
conc?ntratlons are higher in the sediment sample than in the mussel
sample.

The total number of outliers is moderate (38.2% of all results in
the case of MA-M-2/TM and 3.0% in the case of SD-N-1/2/TM). The number
of outlying results by participating laboratory varied between 0 and 4.
Five laboratories produced 1 outlier, two laboratories reported 2
outliers and one laboraiory produced 4 outliers {(for 1l reported
results). This laboratory should carefully revise its analytical
proceduraes fur trace element analysis.
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TABLE NO. 1.

RESULTS OF INTERCOMPARISON FOR Ag (MUSSEL MA-M~2/TM)

Unit: Microgram/gram (dry-weight)

No. Laboratory Method No. of Laboratory Coefficient
Code No. Determinations Mean of Variation

1l 15 Flame—-AAS 6 0.022 18.8%

2 18 INAA 3 0.080 18.8%

3 14 GF-AAS 10 0.188 2.2%

No certified consensus value from the worldwide intercomparison
information value {(worldwide intercompariscn): 0.054 microgram/gram

Confidence interwval: 0.045 - 0.062 microgram/gram.
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TABLE NO. 2

RESULTS OF INTERCOMPARISON FOR As (MUSSEL MA-M-Z/TM)

Unit: Microgram/gram (dry-weight)

No. Laboratory Methed No. of Laberatory Coefficient
Code No. Determinations Mean of Variation

1 14 Hydride—AAS 10 8.9 4.2%

2 19 RNAA <] 13.3 - 1.8%

3 1 Hydride—AAS 8 14.2 1.8%

Certified consensus value {worldwide intercomparison): 12.8 microgram/gram

Confidence interval: 11.8 - 14.4 microgram/gram
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TABLE NO. 3

RESULTS OF INTERCCMPARISON FOR Cd (MUSSEL MA-M~2/TM)

Unit: Microgram/gram (dry-weight)

No. Laboratory Metheod No. of Laboratory Coefficient
Code No. Determinations Mean of Variation

1 14 . GF-AAS g 0.35% 1.0%

2 8 GF-AAS 2 0.56% -

3 g GF-AAS 4 1.12 2.7%

4 1 ASY 3 1.37 7.9%

5 7 Flame—AAS 6 1.42 4.9%

8 18 RNAA 3] 1.42 3.1%

7 4 GF-AAS ) 1.43 14.0%

8 16a GF—-AAS 5 1.50 12.9%

g 15 Flame—-AAS 6 1.55 1.7%

10 3 GF—-AAS B 1.57 1.9%

11 12 Flame—AAS 8 1.83 7.9%

12 16B GF—-AAS 5 1.65 16.5%

13 6B GF-AAS 8 1.81 12.9%

14 6A GF—AAS 8 2.71% 10.8%

15 17 GF—AAS 5 9.68% 21.1%

Certified consensus value (worldwide intercomparison): 1.32 microgram/gram

Confidence interval: 1.16 - 1.54 microgram/gram.



TABLE NO. 4

RESULTS OF INTERCOMPARISON FOR Co (MUSSEL MA-M-2/TM)

Unit: Microgram/gram (dry-weight)

No. Laboratory Method No. of Laboratory Coefficient
. . Code No. Determinations Mean of Variation

1 1 ASVY 8 0.48 2.9%

2 5 Flame-AAS 1 0.50 -

3 154 INAA 4 0.94 19.8%

4 164 GF-AAS 5 0.98 14.5%

5 19B RNAA 6 1.10 5.7%

3] 16B GF-AAS 5 1.29 7.1%

7 14 GF-AAS 9 1.61 6.5%

Certified consensus value (worldwide intercomparison): 0.88 microgram/gram

. Confidence interval: 0.73 — 1.07 microgram/gram
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TABLE NO. §

RESULTS OF INTERCOMPARISON FOR Cr (MUSSEL MA-M-2/TM)

Unit: Microgram/gram (dry-weight)
No. Laboratory Methoed No. of Laboratory Coefficient
Code No. Determinations Mean of Variation
1 17 GF-AAS 5 1.05 25.4%
2 19 INAA 4 1.22 17.7%
3 164 GF-AAS 5 1.47 20.1%
4 6B GF-AAS 8 1.55 23.8%
5 7 Flame—-AAS 3] 1.72 8.2%
8 168 GF-AAS 5 1.78 36.1%
7 64 GF-AAS 6 1.89 17.8%
8 15 Flame—~AAS 8 2.45 g9.1%

.Certified consensus value (worldwide intercomparison):

Confidence interval:

0.95 -~ 1.82 microgram/gram.

1.25 microgram/gram
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TABLE NO. 6.

RESULTS OF INTERCOMPARISON FOR Cu (MUSSEL MA-M-2/TM)

Unit: Microgram/gram (dry-weight)

No. Laboratory Method No. of Laboratory Coefficient
Code No. Determinations Mean of Variation
1 5 Flame-AAS 1 2.00x% —_
® 2 4 Flame-a4S 6 6.05 4.9%
3 14 Flame-AAS 10 7.00 0.0%
4 19 RNAA 8 8.01 2.4%
5 7 Flame-AAS 6 8.38 2.6%
6 1 GF-AAS 8 8.40 4.5%
7 15 Flame—AAS 6 8.41 1.4%
8 18a GF-AAS 5 8.48 13.8%
S 3 Flame—-AAS 7 8.60 1.2%
10 168 GF-AAS 5 8.67 23.7%
11 12 Flame—AAS & 10.0 3.7%
. 12 9 Flame—AAS 4 13.3x% 6.5%

Certified consensus value (worldwide intercomparison): 7.96 microgram/gram

Confidence interval: 7.53 - 8.44 microgram/gram
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TABLE NC. 7

RESULTS OF INTERCOMPARISON FOR Fe (MUSSEL MA-M~2/TM)

Unit: Microgram/gram

(dry-weight)

No. Laboratory Method No. of Laboratory Coefficient
Code No. Determinations Mean of Variatiocn

1 5 Flame—AAS 1 181.8 -—

2 BA Flame—AAS 8 257.1 9.6%

3 7 Flame—-AAS 6 257.8 1.6%

4 1684 GF-AAS 5 271.8 2.4%

5 8B Flame—AAS 8 285.8 12.4%

6 4 Flame—AAS 6 296.2 4.5%

7 168 GF-AAS 5 300.0 13.2%

8 14 Flame—AAS 10 338.0 1.2%

Certified consensus value (worldwide intercomparison):

Cenfidence interval:

229.2 - 268.

2 microgram/gram

256.2 microgram/gram
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TABLE NO. B

RESULTS OF INTERCOMPARISON FOR Hg (MUSSEL MA-M-2/TM)

Unit: Microgram/gram (dry-weight)
No. Laboratory Method Na. of Laboratory Coefficient
Code No. Determinations Mean of Variation

1 8 CV-AAS 2 0.35 -—

2 7 CV~AAS 5 0.38 15.0%

3 9 CV-AAS 4 0.76 12.4%

4 12 CV-AAS 6 0.83 1.4%

5 164 CV-AAS 5 0.88 10.2%

6 18 RNAA 6 0.89 2.1%

7 16B CV-AAS 5 1.00 8.0%

8 1 CV~AAS 6 1.03 2.2%

g 4 CV-AAS 8 1.06 5.0%

10 6B CV-AAS 6 1.08 1.8%

11 3 CV-AAS 7 1.08 3.2%
12 18 CV-AAS 6 1.18 3.5%

13 18 CV-AAS 1 1.18 —
14 BA CV-AAS 5 1.31 12.1%

15 14 CV-AAS 10 1.85x% 8.3%

Certified consensus value (worldwide intercomparison):

Confidence interval: 0.85 - 1.06 microgram/gram

0.95 microgram/gram
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TABLE NC. 9

RESULTS OF INTERCCMPARISON FOR Mn (MUSSEL MA-M—2/TM)

Unit: Microgram/gram (dry-weight)
No. Laboratory Method No. of Laboratory Coefficient
Code No. Determinations Mean of Variation
1 19 RNAA 3 63.2 2.6%
2 7 Flame-AAS 6 66.1 2.2%
3 3 Flame~AAS g 87.0 3.7%
4 6B Flame=-AAS & 68.4 2.8%
S| 8A Flame—-AAS 8 12.5 8.4%
6 184 GF~AAS 5 73.1 4.5%
7 4 Flame-AAS 8 73.3 4.9%
8 14 Flame—AAS 10 77.0 0.6%
9 168 GF-AAS 5 87.4% 11.8%

Certified consensus value (worldwide intercomparison):

Confidence interval:

60.7 - 75.3 microgram/gram

87.1 microgram/gram
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TABLE NO. 10
RESULTS OF INTERCOMPARISON FOR Ni (MUSSEL MA-M-2/TM)

Unit: Microgram/gram (dry-weight)

No. Laboratory Methed No., of Laboratory Cceefficient
Code No. Determinations Mean of Variation

1 15 Flame~AAS 6 0.83 14.2%

2 1 ASY 6 1.33 6.1%

3 16A GF-AAS 4 1.53 19.6%

4 16B GF-AAS 4 1.76 23.2%

5 7 Flame—-AAS 6 4,95% o 11.1%

No certified consensus value from the worldwide intercomparison
range of accepted laboratory means (woridwide intercomparison): 0.78 - 2.49
microgram/gram.



TABLE NO. 1T

RESULTS OF INTERCOMPARISON FOR Pb (MUSSEL MA-M-2/TM)

Unit: Microgram/gram (dry—weight)
No. Laboratory Method Neo. of Laboratory Coefficient
Code No. Determinations Mean ef Variation
1 14 GF-AAS 8 0.53 4.6%
2 7 GF-AAS 8 0.70 10.0%
3 184 GF-AAS 6 6.87 22.2%
4 5 Flame-AAS 1 1.30 —
5 g GF-AAS 4 1.64 3.1%
8 16B GF-AAS 6 1.72 25.2%
7 3 GF-AAS 5 2.03 1.5%
8 4 GF—-AAS 6 2.20 15.4%
g 15 Flame—AAS 6 2.24 8.8%
10 1 GF-AAS 8 2.28 4.5%
11 6B GF~AAS 8 2.34 19.6%
12 64 GF-AAS 4 3.80 16.0%
13 12 Flame—-AAS 8 11.20% 6.2%

No certified consensus value from the worldwide intercomparison

information value (wor
confidence interval:

ldwide intercomparison):
1.53 - 2.50 microgram/gram

1.92 microgram/gran
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. TABLE NO. 12

RESULTS OF INTERCOMPARISON FOR Se (MUSSEL MA-M-2/TM)

Unit: Microgram/gram (dry-weight)

No. Laboratory Method No. of Laboratory Coefficient
Code No. Determinations Mean of Variation

1 19B RNAA 5 1.94 5.7%

2 194 INAA 4 2.24 5.5%

3 4 Hydride—AAS 6 2.40 26.4%

4 3 Hydride—AAS 6 2.40 4,2%

5 i Hydride~AAS 2] 2.58 2.4%

Certified consensus value (worldwide intercomparison): 2.27 microgram/gram

Confidence interval: 1.70 - 2.56 microgram/gram

TABLE NO. 13
RESULTS OF INTERCOMPARISON FOR Sb (MUSSEL MA-M-2/TM)

Unit: Microgram/gram (dry-weight)

No. Laboratory Method No. of Laboratory Coefficient
Code No. Determinations Mean of Variation
1 19 RNAA 8 0.038 6.6%

No certified consensus value from the worldwide intercomparison
information value (worldwide intercomparison): 0.027 microgram/gram

Confidence interval: 0.026 ~ 0.030 microgram/gram
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TABLE NC. 14

RESULTS OF INTERCOMPARISON FOR V (MUSSEL MA-M-2/TM)

Unit: Microgram/gram (dry-weight)

No. Laboratory Meihod No. of Laboratory Coefficient
Code No. Determinations Mean of Variation

1 184 GF-AAS 2 1.75 —

2 168 GF=-AAS 2 2.29 -—

No certified consensus value from the worldwide intercomparison

Range of accepted laboratory means (worldwide intercomparison): 0.84 - 2.18
microgram/gram
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TABLE NO. 15

RESULTS OF INTERCOMPARISON FOR Zn (MUSSEL MA-M-2/TM)

Unit: Microgram/gram {dry-weight)

No. of

No. Laboratory Method Laboratory Coefficient
Code No. Determinations Mean of Variation

1 5 Flame-AAS 1 15.4x% —

2 198 RNAA 6 107.3 1.7%

3 184 INAA 4 116.8 5.3%

4 6B Flame—AAS 6 148.6 5.3%

5 g Flame~AAS 3 158.2 0.8%

) 12 Flame—AAS 6 159.8 10.3%

7 7 Flame—-AAS 8 160.5 3.3%

8 1 ASVY 6 167.8 6.5%

9 3 Flame-AAS S 177.0 1.7%

10 168 Flame—AAS 6 178.2 24.6%

11 14 Flame-AAS 10 182.7 1.1%

12 164 Flame—AAS 6 183.4 3.4%

13 4 Flame—AAS 6 197.7 5.6%

14 6A Flame—AAS 5 214.3 10.5%

Certified consensus value (worldwide intercomparison): 156.5 microgram/gram

Confidence interval:

152.8 -~ 16B.7 microgram/gram
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TABLE NO. 16

RESULTS OF INTERCOMPARISON FOR Ag (SEDIMENT SD-N-1/2/TM)

Unit: Microgram/gram (dry-weight)

No. Laboratory Method No. of Laboratory Coefficient
Code No. Determinations Mean of Variation
1 19 INAA 4 2.21 4.8%

Certified consensus value (worldwide intercomparison): 2.3 microgram/gram

Confidence interval: 2.0 - 3.2 microgram/gram

TABLE NO. 17

RESULTS OF INTERCOMPARISON FOR As (SEDIMENT SD-N-1/2/TM)

Unit: Microgram/gram (dry-weight)

No. Laboratory Method No. of Laboratory Coefficient
Code No. Determinations Mean of Variation

1 1 Hydride—AAS 6 55.8 2.3%

2 18 RNAA 8 61.8 3.9%

Certified consensus value {worldwide intercomparison): 50.0 microgram/gram

Confidence interval: 42.4 - 60.0 microgram/gram
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TABLE NO. 18

RESULTS OF INTERCOMPARISON FOR Cd (SEDIMENT SD-N-1/2/TM)

Unit: Microgram/gram (dry-weight)

No. Laboratory Method No. of Laboratory Coefficient
Code No. Determinations Mean of Variation
1 8 GF—-AAS 1 0.79% -
2 10 Flame—-AAS 1 10.4 -
3 1 ASV 6 10.7 4.4%
4 13 Flame—4AS 5 11.0 2.8%
5 13 RNAA 6 11.0 3.6%
6 7 Flame—-AAS 6 11.1 3.1%
7 16 GF-AAS 8 11.8 4.4%
8 6B Flame—AAS 8 12.4 1.2%
) 2 Flame—AAS 4 12.6 2.0%
10 BA GF-AAS 8 13.4 10.4%
11 11 Flame-AAS 6 13.9 10.4%
12 17 Flame~AAS 6 15.3 3.4%

Certified consensus value (worldwide intercomparison): 11.0 microgram/gram

Confidence interval: 10.0 - 12.0 microgram/gram -
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TABLE NO. 18

RESULTS OF INTERCOMPARISON FOR Co (SEDIMENT SD-N-1/2/TM)

Unit: Microgram/gram (dry-weight)

No. Laboratory Method No. of Laboratory Coefficient
Code Neo. Determinations Mean of Variation

1 5 ' Flame-aas 1 4.7 ~

2 2 Flame—AAS 4 8.4 5.9%

3 11 Flame-AAS ] 10.1 11.5%

4 16 Flame=AAS 6 1.4 5.6%

5 1 ASV 6 10.5 10.7%

8 194 INAA 4 11.1 7.7%

7 198 RNAA 6 12.8 5.4%

Certified consensus value (worldwide intercomparison): 12.1 microgram/gram

Confidence interval: 11.2 - 12.7 microgram/gram



- 29 -

TABLE NO. 20

RESULTS OF INTERCOMPARISON FOR Cr (SEDIMENT SD-N-1/2/TM)

Unit: Microgram/gram (dry-weight)

Nc. Laboratery Method No. of Laboratory Coefficient
Code No. Determinations Mean of Variation
1 11 Flame—AAS 8 25.2 4.2%
2 16 Flame—AAS 6 48.1 2.9%
3 17 Flame-AAS 6 52.5 5.4%
4 13 Flame—AAS 5 71.5 3.68%
5 7 Flame-AAS 8 78.5 7.4%
6 BA Flame—AAS 6 77.5 13.7%
7 6B Flame—-AAS 6 28.8 1.6%
8 2 Flame—~AAS 4 132.0 1.3%
9 19 INAA 4 161.8 5.4%

Certified consensus value (worldwide intercomparison): 149 microgram/gram
Confidence interval: 125 - 161 microgram/gram
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TABLE NO. 21

RESULTS OF INTERCOMPARISON FOR Cu (SEDIMENT SD-N-1/2/TM)

Unit: Microgram/gram

(dry-weight)

No. Laboratory Method No. of Laboratory Coefficient
Code No. Determinations Mean of Variation

1 5 Flame—AAS 1 13.4% ——

2 - 11 Flame—AAS 6 46.8 2.5%

3 13 Flame—AAS 5 55.0 9.9%

4 19 RNAA 8 66.5 5.3%

5 2 Flame—-aAAS 4 66.9 3.8%

8 10 Flame—AAS 3 67.0 2.8%

7 8 Flame—AAS 6 69.5 4.4%

8 7 Flame—AAS 6 70.0 2.3%

9 1 GF-AAS 6 77.3 6.1%

10 18 Flame—AAS 8 82.2 5.3%

Certified consensus value (worldwide intercomparison):

Confidence interval:

8.1 ~ 75.2 microgram/gram

72.2 microgram/gram
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TABLE NO. 22

RESULTS OF INTERCOMPARISON FOR Fe (SEDIMENT SD-N-1/2/TM)

Unit: Milligram/gram (dry-weight)

No. Laboratory  Method No. of Laboratory Coefficient
Code No. Determinations Mean of Variation
1 5 Flame-AAS 1 0.11 -
2 11 Flame—AAS 6 15.2 5.8%
3 6A Flame—~AAS 6 24.0 11.7%
4 6B Flame—4AS 8 24.8 3.5%
5 2 Flame~AAS 4 25.0 0.8%
6 16 Flame—~AAS 6 28.8 6.0%
7 7 Flame-AAS 6 29.0 4.5%
8 13 Flame—AAS 5 " 39.0 5.5%

No certified consensus value from the worldwide intercomparison
information value (worldwide intercomparison): 36.4 milligram/gram

Confidence interval: 35.3 ~ 37.8 milligram/gram
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TABLE NO. 23
RESULTS OF INTERCCMPARISON FOR Hg (SEDIMENT SD-N-1/2/TM)

Unit: Microgram/gram (dry-weight)

No. Laboratory Method No. of Laboratory Coefficient
Code No. Determinations Mean of Variation

1 8 CV-AAS 1 0.13 -

2 13 CV-AAS 5 0.73 7.1%

3 7 CV-AAS 4 0.85 11.4%

4 18 CV-AAS 8 l.21 8.7%

5 18 RNAA 8 1.54 4.1%

8 1 - CV—-AAS 6 1.73 0.6%

7 10 CV-AAS 8 1.78 4.9%

8 6B CV-AAS 6 1.86 0.8%

g B4 CV-AAS 8 2.14 6.8%

No certified consensus value from the worldwide intercomparison.
Information value (worldwide intercompariscn): 1.468 microgram/gram

Confidence interval: 0.08 - 1.72 microgram/gram
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TABLE NC. 24

RESULTS OF INTERCOMPARISON FOR Mn (SEDIMENT SD-N-1/2/TM)

Unit: Microgram/gram (dry-weight)

No. Laboratory Method No. of Laboratory Coefficient
Code No. Determinations Mean of Variation
1 16 Flame-AAS 8 803.2 4.3%
. 2 11 Flame-AAS 6 644.8 2.1%
3 7 Flame—-AAS 8 699.0 3.0%
4 10 Flame—AAS 3 742.0 4.4%
5 6A Flame—AAS 8 7€4.0 6.8%
8 - 6B Flame-AAS 6 769.0 3.5%
7 13 Flame—AAS 5 771.6 3.2%
8 2 Flame—AAS 4 800.8 2.0%
9 19 RNAA 6 830.5 2.3%

Certified consensus value (worldwide intercomparison): 777 microgram/gram

. Confidence interval: 728 - 801 microgram/gram
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TABLE NO. 25

RESULTS OF INTERCOMPARISON FOR Ni (SEDIMENT SD-N-1/2/TM)

Unit: Microgram/gram (dry~-weight)

No. Laboratory Method No. of Laboratory Coefficient
Code No. Determinations Mean of Variation

1 11 Flame~AAS 6 18.5 5.8%

2 8 Flame—-AAS 1 22.0 -—

3 16 Flame~AAS 5 ’ 22.1 5.5%

4 7 Flame—AAS 5 26.2 4.2%

5 2 Flame—-aAS 4 27.1 1.3%

8 10 Flame—~AAS 3 28.5 4.6%

7 13 Flame=AAS 5 31.4 2.8%

8 1 ASV 6 35.3 2.3%

Cartified consensus valus (worldwide intercomparison):

Confidence interval:

27.0 - 34.0 microgram/gram

31.0 microgram/gram
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TABLE NO. 26

RESULTS OF INTERCOMPARISON FOR Pb (SEDIMENT SD~N-1/2/TM)

Unit: Microgram/gram (dry-weight)

No. Laboratory Method No. of Laboratory Coeefficient
Code No. Determinations Mean of Variation
1 5 Flame—-AAS 1 55.9% -
. 2 10 Flame—-AAS 3 108.7 1.9%
3 16 Flame—AAS 8 108.8 3.9%
4 13 Flame~AAS 5 112.86 4.7%
5 2 Flame-AAS 4 114.0 0.6%
6 BB Flame-AAS B 128.8 3.3%
7 7 Flame—-AAS 6 134.5 16.4%
8 11 Flame—AAS 6 136.8 3.5%
9 1 GF-AAS 6 139.9 - 2.7%
10 6A Flame—-AAS 6 150.0 8.3%

Certified consensus value (worldwide intercomparison): 120 microgram/gram

. Confidence interval: 112 - 132 microgram/gram
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TABLE NO. 27

RESULTS OF INTERCOMPARISON FOR Sb (SEDIMENT SD~N-1/2/TM)

Unit: Microgram/gram (dry-weight)

No. Laboratory Method No. of LaboratoryeCoefficient
Code No. Determinations Mean of Variation
1 19 RNAA 8 2.04 17.1%

Certified consensus value (worldwide intercoﬁﬁérESQn): 3.62 microgram/gram

. »
Confidence interval: 3.20 ~ 3,98 microgram/gram
TABLE NO. 28

RESULTS OF INTERCOMPARISON FOR Se (SEDIMENT SD-N-1/2/TM)}

I

Unit: Microgram/gram {dry-weight) N
Lo .- o Te
"No. Laboratory Method No. of Laboratory Coefficient
Code No. Determinations Mean of Variation
1 1 .Hydride~AAS 8 2.78 2.6%
2 .19 INAA 4 4.51 5.8%

e

No certified consensus value from the ﬂorldw@@E intercomparison
information value (worldwide intercomparison}: ~ 2.90 microgram/gram

Confidence interval: 2.30 - 3.78 microgram/gram

[ . R
~ -
L Al
- { - gy ¥
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TABLE NO. 289
RESULTS OF INTERCOMPARISON FOR V (SEDIMENT SD~N-1/2/TM)

Unit: Microgram/gram (dry-weight)

No. Laboratory Methed No. of Laboratory Coefficient
Code No. . Determinations Mean of Variation
1 16 GF-AAS 6 20.6 7.7%

Certified consensus value (wqg&%gﬁde intercomparison): 77.7 microgram/gram

Confidence interval: 65.0 ~ 80.7 microgram/gram
SE~E .
TABLE NO. 30

RESULTS OF INTERCOMPARISON FOR Zn (SEDIMENT SD-N-1/2/TM)

Unit: Microgram/gram {dry-weight)

No. Laboratory Method No. of - -Laboratory Coaffidient .
Code No. Determinations Mean of Variation

1 16 Flame-AAS . 6 T a0 1.7%

2 5 Flame—-AAS "1 Y § W T -

3 194 INAA 4  ieeo _ 281.0 8.8%

4 198 RNAA 8 " 330.0 ' 3.1%

5 11 Flame-AAS 6 389.8 2.1%

6 7 T FlemeAAS. 1B oveis.. . B72080 71 7 alskl

7 1 ASV ;.0 - B o 0oL 4183 e 45X

8 €B Flame—AAS 6 433.3 2.8%

S 13 Flame-AAS 5 460.2 4.2%

10 10 Flame—AAS 2 553.0 -

11 2 Flame—~AAS 4 586.5 7.6%

12 BA Flame—-AAS 5 688.5 5.2%

Certifiied consensus value (worldwide intercomparison): 439 microgram/gram

Confidence interval: 423 - 452 microgram/gram.
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TABLE NO. 31

OVERALL MEANS OF THE MEDPOL RESULTS COMPARED TO THE CONSENSUS VALUES
' (MA-M—z/TM)

Concentration unit: pg.g'l (of dry-weight)

ELEMENT MEDPOL RESULTS WORLDWIDE RESULTS
(mean value) (consensus value)

Ag ' (0.022-0.188) % T 0.054 (0.045 - 0.062)%x

As : (6.9 - 14.2)% ' 12.8 (11.8 - 14.4)

¢cd 1.50 £ .12 fo- ok 1.32 (1.16 - 1.54)

Co I 0.99 £ 0.38 -+ 4 0.88 (0.75 - 1.07)

cr ST 00 1.64 £ 0.36 T 1,25 (0.95 - 1,B2)

Cu "~ - Y 8.20 £ 0.74 “he T 7,98 (7.53 - 8.44)

Fe T 77 - 213.8 £ 38.0 S 256.2 (229.2 -268.2)

S 0.93 £ 0.16 R 0.95 (0.85 - 1.08)

Mn R Y (PN b 67.1 (60.7 - 75.3)

N K (0.83 ~ 1.78)%  °C (0.78 - 2.49)%x

Pb o 1.79 £ 0.54 o 1.92 (1.53 - 2.50)#x

Se '2.31 £ 0.29 ' 2.27 (1.70 - 2.56)

sb ’ (o 038) * ' 0.027 (0.026 - 0.030)%x

v ' (1 75 - 2.29)% " (0.84 - 2.18) %

Zn ' 165.7 % 17.8 B  156.5 (152.8 - 186.7)

* Range of "accepted” results (insufficient number of data)

** No certified ;:;:onsensu;x ;élue An,lnf;rﬁéélon value or the range of

"accepted” ~results is given insteand. - : cmel §C
-1 S 4
NOTE: Confidence intervals are given for a 51gn1f1cance level & = 0.05

2 . &l = £ £ ~c" =TT s R F
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TABLE NO. 32

OVERALL MEANS OF THE MEDPOL HESULTé COMPARED TO THE CONSENSUS VALUES
-

(SD~N-1/2/TM)
Concentration unit: pg.g" -1 (of dry*weigh?) except Fe which is expressed in
ng.g + of dry-weight.
ELEMENT MEDPOL RESULTS WORLDWIDE RESULTS
(mean value) (consensus value)
Ag (2.21)% 2.3 (2.0-3.2)
As (55.8 - 61.8)x . -, 50.0 (42.4 - 60.0)
cd 12.1 £ 1.0 “ .. 11.0 (10.0 -~ 12.0)
Co 9.7 £ 2.4 w1201 (11,2 - 12.7)
Cr 82.7 £ 32.8 .. 149 (125 - 161)
Cu 66.8 £ 8.2 © ., . =mA2.2 (BB.1 - 75.2)
Fe 23.2 = 9.6 ., . - 36.4 (35.3 - 37.8)%x
Hg 1.34 = 0.51 . s 1.48 (0.06 - 1.72)%x%
Mn 736.1 £ 86.8 , ..« . 777 (728 - 801)
Ni 26.8 £ 4.6 . . 31.0 (27.0 -~ 34.0)
Pb 126.0 = 11.8 }20 (112 - 132)
Sb (2.04)x% - 3.62 (3.20 - 3.95)
Se (2,78 - 4.51)x ) ;. 2.90 (2.30 ~ 3.78)%x
v (20.8)% E_: ) .. 77.7 (865.0 - 80.7)
Za 279.7 £ 126.3 439 (423 - 452)

' P .
- e s d e et % : . . aw Ponr f . W
P - - S -

x Range of "accepted“ results (1nsuff1c1ent number of data)

P
o 2 E e ko e -
. adiee & o w T s -

5w

¥% No certified consensus value. An lnformatmon uvalue or -the ' range of
"accepted"” results is glven 1nstead

‘[ -

—

NQTE: Confidence xntervals are glven for a slgnlflcance level a = Q. 05

o ————



LIST OF PARTICIPATING LABORATORIES
(In alphabetic order by country)

Name and address

FRANCE

Dr. M. Chaussepied
IFREMER, Centre de Brest
B.P. 337

29273 BREST Cedex

GERMANY (FEDERAL_REPUBLIC OF)

Prof. H.W. Nirnberg and Dr. M. Stoeppler
Institute of Applied Physical Chemistry
Nuclear Research Centre

P. 0. Box 1913,

5170 JULICH

GREECE

Dr. M. Scoullos

University of Athens

Dept. of Chemistry

Division of Inorganic and Environmental
Chemistry

13a Navarinou §ireet

ATHENS 106 80

Ms. F. Voutsinou-Taliadouri
Institute of Qceanographic and
Fisheries Research

Aghios Xosmas Elliniken

ATHENS 168 04

ISRAEL

Prof. B.S. Krumgalz- .- ¢

Chemical Oceancgraphy and Marine
Pollution Dept.

Israel Oceanographic and Limnological
Hesearch Ltd.

Tel Shikmona, P.0. Box 8030

31080 HAIFA

ITALY

Prof. R. Capelli

Universita di Genova
Istituto di Chimica Generale
Viale Benedetto XV, 3

18132 GENOVA

Dr. S. Guerzoni o

Istituto di Geclogia Marina
Consiglio Nazionale delle Ricerche
Via Zamboni n.65

40127 BOLOGNA

Prof. A. Renzoni and Dr. E. Bacei
Universita di Siena ,
Dipartimento di Biclogia Ambientale
Via delle Cerchia, 3

53100 SIENA

Samples Analysed

Sediment
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Sediment

Sediment

Mussel

Mussel
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Mussel



MOROCCO

Dr. A. Foutlane

Office National de 1’Eau Potable

Division de Controle de la
Qualite des Eaux

B.P. Rabat~Chellah

RABAT

SPAIN

Dr. M. Centrich Sureda
Laboratoric Municipal, c/.
Wellington, 44
Ayuntamiento de Barcelona
BARCELONA

PBr. M.G. Marino

Escuela Nacional de Sanidad
Ciudad Universitaria
MADRID 3

Dr. J. Medina Escriche
Universidad de Valencia
Facultad de Ciencas Quimicas
c/. Dr. Moliner

50 Burjasot

VALENCIA

Dr. J. Obiols Salvat
Instituto Quimico de Sarria
BARCELONA 17

Dr. A. Rodriguez de Leon
Instituto Espanol de QOceancgrafia
Centro Oceanografico Mar Menor
P.0. Box 22, Magallanes, 2

SAN PEDRO DEI, PINATAR (Murcia)

Dr. F. Ruiz-Bevia

Facultad de Ciencias Quimicas
Departamento de Quimica Tecnica
Apartado 99,

ALICANTE

TUNISIA

Dr. M. Hadj Ali Salem

Institut National Scientifique
et Technique d’° Oceanographle
et de Peche

Salammbo

TUNIS

YUGOSLAVIA

Prof. R. Buzina

Institute of Public Health of
SR Croatia

Rockefellerova 7

ZAGREB
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YUGOSLAYIA (cont’d)

Dr. R. Planinc

Institute of Biology

Marine Research and training
centre

66330 Piran, JLA 85

Dr. B. Smecdis

"Jozef Stefan” Institute
Nuclear Chemistry Section
61000 Ljubljana, Jamova 39
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