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1. INTRODUCTION

in recent years the question has often been raised whether the
Mediterranean Sea as an almost closed basin may be significantly more
polluted than the oceans. Therefore, much work has been undertaken in
Mediterranean States in the framework of UNEP’s Action Plan for the
Mediterranean in order to check this hypothesis, evaluate temporal
tendencies and variations between different areas, etc. Pelagic
organisms of the Mediterranean Sea, in particular, may be wmore
contaminated by heavy metals and chlorinated hydrocarbons than those of
the oceans and this can be very important from the health and economical

point—of-view owing to the intensive use of fishing in the Mediterranean
area.

Many scientists in Mediterranean States, therefore, are busy
nowadays with the determination of heavy metals and other pollutants in
marine biota samples, e.g., shellfish, plankton and pelagic Tfish. Such
determinations at very low concentration levels are often very delicate
and require sophisticated equipment as well as professional experience.
It is, therefore, highly desirable for chemists who work in the field of
trace element determinalion (and in particular for those who jusl entered
this field) to check the validity of their analytical results. For this
reason, the International Atomic Energy Agency in cooperation with the
United Nations Environment Programme organized in past years laboratory
intercomparisons in the framework of the MEDPOL Phase TT activities.
These intercomparison runs concerned the determination of trace elements
in mussel and shrimp tissues as well as marine sediment (1,2). The
present inlercomparison is relative to the analysis of a fish tissue
homogenate and the results of the participating laboratories are
presented here.

2. SCOPE_OF THE_ INTERCOMPARISON

Fach pariicipanl received a sample of lyophilised fish tissuc.
This sample originated from a balch of homogenized malerial which was
prepared as  described below, Fach sample was accompanied by an
information sheet and a reporl form. Participants were requested to
determine as many as  they could from among the Tollowing 15 elemonts:
Ag, As, Cd, Co, Cr, Cu, Fe, Hg, Mn, Ni, Pb, Sbh, Se, V and Zn.

Tn 1otal, 17 laboratories from 10 countries participated in this
infercomparison run: 101 1laboralory means werce reporied for 14 elemenis
but for threec of them only isolated resulis (one or two laberatory means)
were supplied. On the other hand, eigh! resulls were nol accurately
destermined and concentralions simply reported as lying below a given
deteclion limit.

3. DESCRIPTION OF THE MATERTAL

About 600 kg of gmrfish (Belone belone) were collected from the
Western Baltic Sea in April 1981, Fillels were sceparaled from  other
tissuos and lyophilised.
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Lyophilised tissues were first ground in a laboratory cutting mill
and the resulting powder, which passed through a lmm sieve, was further
homogenized by mixing the totality of the powdered material in a
stainless steel rotating drum for 150 hours. A portion of this wmaterial
was taken and packed inte small botlles for other intercomparison
purposes such as the determination of radionuclides and organochlorine
compounds . The remaining material, however, appeared to be rather
fibrous and its homogeneity doubtful as far as trace element
concentrations were concerned. It was decided, therefore, to further
grind the material in a porcelain ball =mill. The resulting powder was
sieved through a clean stainless—steel sieve (300 ym) and the fraction of
the material passing through the sieve was retained.

By proceeding in this way it was possible to prepare about 7.5 kg
of powder having a particle size smaller than 300 ym. This powder was
further homogenized by mixing in a stainless-steel rotating drum for
about one week. Aliquots of about 30 g of this powder were put into
acid—washed small glass bottles equipped with plastic screw caps. These
bottles were labelled MA(F)-MED86/TM, denoting ™Marine animal (fish)
MEDPOI. 1986/Trace metals”. Each sample bottle was individually numbered.

The homogeneity of the material for trace elements was checked by
determining the concentrations of Cr, Cu and 7Zn in ten 500 mg-samples
taken randomly from the bulk of the powder. The samples were mineralized
by wet—ashing with nitric and perchloric acids and zinc was determined by
flame atomic absorplion spectroscopy while the flameless technique was
applied to the determination of chromium and copper. FEach sample
solution was analysed 10 times in the case of chromium and copper and 7
times in the case of zint., For each element a onc—way variance analysis
was performed to compare the variasbilily between samples and the
variability within samples. In each case bolh wvariances did not differ
significantly, i.e., -the variance between samples could be explained by
the analytical variance (at a significance level of 0.05). On the other
hand, in no case did the relalive standard deviation of the resulis of
analysis of 1ibe differcnl samples exceed 3%. This material was,
therefore, considered as  homogenecus for the purpose of Lhe
intercalibration (at least for a sample waight} 500 mg).

The water contenl. of the lyophilised material as determined by
drying to a constant weight at 85°C was found to be approximalely 4.5%.
At this temperature, ihce constanl weigh! was reached after o drying Lime
of 24-48 hours. As, however, the moisture conlent may vary with changes
in the ambhient humidity and tomperature, it was recommended that the
water conlent of this materinl be always determined in a separate
sub-sample (not that taken for anmalysis) by drying for 48 hours at 85°C.

A1l resulis were to be reporicd on a dry-weight basis.

A. EVALUATTION OF RESHLTS

The data provided by laborateories  participaling in this

intercomparison are presented in Tables 1 14 (no result was  reported  for
the delerminalion of Lhe elemenl Ag). All resulls relevanl to a given
alement are grouped in the same table. The terms used in the tables  are

defined as follows:
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Unit: Units in which the concentration of an element to be
determined is expressed (in this intercomparison, all resulis are
expressed in micrograms per gram of dry-weight).

Laboralory Code No.: Each laboratory was represented by a code
number, which remains unchanged throughout the tables. The numbers,
however, do not correspond to the sequency of laboratories in the . list of
participants given a8t the end of 4this report, so that anonymity is
preserved.

Method: Participaling laboratories were requested to give basic
information on the analytical wmethods which they applied to the
determination of trace elements. These methods are described in the
tables by a code, namely: .

I-NAA : Neutron actlvatlon analysis (instrumental)

R-NAA : " (with radiochemical separations)
AAS : Atomlc absorptlon speotroscopy (without specifications)
Flame—~AAS: : (flame technique)

GF-AAS: " " " {graphite—furnace technique)
Hydride—AAS: " " " (hydride—generaticn technique)
CV- AAS : " " " (cold-vapour technique)
sP +  Spectrophotometry, colorimetry

EM : Electrochemical methods

Ne. of determinations: The number of individual determinations of
a given trace element, performed by a laboratory using the same
analytical procedure.

Laboratory mcan: The arithmetic mean computed from all individual
rosults supplied by a laboratory for the determinalion of a given trace
element. An asterisk nexi to a laboratory mean depnoles that this mean
was classified as an oullier and was not taken into account when
computing the overall mean.

Cocfficient of varialion: The ratio (expressed in percenl) of ihe
siandard deviation of the ipdividual resulis of determinalion of a given
trace element to the laboratory mean (the slsndard devialion is computed
in the usual way). The coofTicient of variation was not computed when
less than 3 individual results were reporied.

. DISCUSSTON

An average concentration valuc was compuled for each element from
the laboratory means given in Tables 1 - 14.

The data sets from which these overall meuns were computed were
first scrulinized in order Lo eliminale doublLful results. This was done
by assuming thal these dala sels are normally distributed and by applying
Studeni’s L-lesi at a one-sided significance level equal to 0.01 (3).

This procedure of eliminalion of oulliers was necessary since it
was obvious ithal some resulis in each data sel wore very different from
those of the deminant group and Lheir influence in the calculation of the
overall mean had {o be removed before computing this value.
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The delected outliers are identified by an asterisk next to the
corresponding values in Tables 1 - 14.

The mcan values of the sets of results obtained after elimination
of outliers and their confidence intervals were then computed in the
usual way, i.e.: . .

X-—t.8/v < p < x+ t. S/

where:

theoretical mean of the distribution of resulis
arithmetical mean " " . "
siandard deviation of Lhe "accepted"” resulis
number of "accepted" results

Student’s factor for (n-1) degrees of freedom and a significance
levelox = 0.05 (two—sided).

- R
g U oa i

Results given in the form "less than" are reported in Tables 1-14
but were not taken into account when computing the overall means.

The test of oullier detection was applied when al leasti four
results (other than those given in the form "less than") were available.
Overall means of concenlrations and their confidence intervals were

computed from at leasl three "accepled" resulls. These overall means are
given in Table 15.

Four results only were reporied for t{he delermination of arsenic
(Table 1). The consistency of these resulis shows Lhat this element
could be determined in a satisfactory way by different techniques such as
spectrophotometry, altomic absorption (hydride generation) and neutron
activation. The graphite-furnace tLechnique (Laboralory No. 8) does not
seem to have a sufficient sensitivity bul the reported detection limil
agrees wilh the other determinat tons of Lhis elewment.

As far as the resulls reporied for cadmium are concerned {Table 2},
it is obvious that they are very scatlered, in spite of the Tact that TH%
of them were obtained by the samc basic technique (flomeless atomic
absorplion). Five outliers out of 16 results were detected by the t tesl
and are all sig?ificant}y higher than 3 dominant clusier of resuits
around 0.04 ug.g ', tlhereby indicaling contamination problems in tLhe
delermination of this element.

Five results of determination of chromium (oul of a tolal of 6
results) were oblained by graphite-furnace AAS (Table 4). The L test
detected two outliers which are significantly higher than the other
resulls and are probably caused by contaminations. One result was
obtatned by instrumenial neulron aclivation analysis and is similar to
the dominant group of the results of flameless AAS.

With the exception of threce outlicrs (onc on the Tower side and two
on Lhe bigher side) resulis repYried for the delermination of copper are
well  grouped around 3 jg.g {(Table 8). Most resulis were oblained by
atomic absorplion speclroscopy (either by the flame or by the flameless
technique). One  result was oblained by neutron aclivalion analysis and

an olher one by polurography. These resulis are similar Lo the resulls
of atowic absorplion.

Four roesults only were reporled for the determinalion of iron
(Table 6). One resull is obviously too low and was detected as oullier
by the L -tesi. The three other resulis are in good agrcement in spite of
the facl that thay were oblained by Lhrec diffaerent techniques.
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The results reported for the determination of rcury are well
grouped around a central wvalue of about 0.5 wug.g (Table 7). One
outlier only was detected by the t-test. One laboratory determined
mercury by neutron activation analysis and the result agrees with the
other results which were all obtained by atomic absorption spectroscopy
{mainly by the cold-vapour technique).

Four results only were reported for the determination of manganese
{(Table 8). With the exception of one result which is obviocusly too low
and may be duc to a calculation error, the resulils arc in good agreement

in spite of the fact that they were obtained by three different
techniques.

As far as the results reported for the determination of lead are
concerned (Table 10) one can see that they are very scattered. A
duminint group, however, exists around a central wvalue of about 4
ng.g L. One result was detected as outlier by the t-test and is maybe
due to a contamination error. Most results were obtained by
graphite—~furnace atomic absorption spectroscopy. One delerminalion was

done by polarography and agrees with the dominant group of results
obtained by atomic absorption.

Results reported for zinc are given in Tabli 14. Most of them are
grouped around a central value of about 110 pug.g % but three outliers
(out of 14 results) were detected by the t-test. Mosi results were
obtained by atomic absorption spectroscopy {(flame technique). Two
results given respectively by insirumenial neutron activation analysis

and polarography are in good agreement with the dominant group of results
of alomic absorption.

An insufficient number of data was available for the delermination
of coball, nickel, antimony, selenium and vanadium. A thorough
evaluation of these data is not possible under such circumsiances.

7. CONCLUSTONS

On the whole one can stale from the resulls given in Tables 1-14
thal the qualily of analyses does not show any significant  improvement in
comparison wilh previous intercomparison runs (1,2).

Strong analytical problems still seem to exist in the case of
cadmium, chromium and lead since very scattered resulis were reported for
these elements. It is surprising to notice thal elemenls normally easy
1o delermine like copper and zinc caused problems in some cases.

The: number of analytical methods which  were used in this
intercomparison was ralher limited. The method of analysis which was
predominanlly used was atomic absorption speciroscopy in its wvarious
forms (about 83% of all resulls), Tollowed by neulron activation analysis
{12%), polarography (4%) and speclropholometry (1%). No  delerminal tons
by olher analytical techniques such as X-ray fluorescence or plasma
atomic emission speciroscopy were reported.

The within -laboratory precision is salisfactory. About 74% of the
reported  coelficients of varialion lie bolween § and 10%, 12% are between
10 and 20%, 311% betweeon 20 and 30% and 3% only are higher than 30%.
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The total number of outliers delected by the t-test is moderate
(about 16% of all results). This figure, however, does not show a
significant improvement when compared with that of previous
intercomparisons (1). About 69% of the outlier’s results are too high
while 31X are too Jlow. This probably reflects contamination problems
during the analysis of some elemenis.

The pumber of outlying results by participating laboratory varied
between 0 and 4. Three laboratories produced 1 outlier, ihree
laboratories reported 2 outliers and one laboratory produced 3 outliers.
One laboratory reporied 4 outliers (for 5 reported results). This
laboratory should carefully revise its analytical procedures for trace
element analysis.

Kl
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Resultis of intercomparison for arsenic

Table 1

Unit: Microgram/gram (dry—weight)

Laboratory
Code No.

11

Method

sP

GF-AAS
Hydride-AAS
R-NAA

No. of

Determinations

N

Laboratory
Mean

2.00
<4.00
1.11
1.88

Coefficient
of Variation

6.3%

6.8%
7.7%
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Table 2
Results of intercomparison for cadmium

Unit: Microgram/gram (dry-weight)

Laboratory No of Laboralory Coefficient
Code No. Method Determinations Mean of Variation
1 GF-AAS 8 0.015 9.7%
2 GF—-AAS 6 0.16% 24.1x
3 GF-AAS 6 0.31x% 11.1%
4 GF-AAS 3 0.047 L 24.T%
5 GF—AAS 6 0.10 35.8%
6 GF--AAS 3 0.63% 3.1%
7 Flame—AAS - £0.002 -
8 GF-AAS 4 0.051 9.1%
9 GF-AAS 6 0.034 32.1%
10 GF-AAS 2 0.82% -
11 R-NAA 6 0.049 6.4%
12 GF--AAS 3 0.017 21.1x
13 EM 3 0.022 3.0%
14 Flame—AAS 6 0.36x% 5.0%
15 GF--AAS 6 0.10 8.3%
17 GF -AAS 6 0.018 10.1%
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Table 3
Results of intercomparison for cobalt

Unit: Microgram/gram (dry-weight)

Laboratory No. of Laboratory
Code No. Method Determinations Mcan
7 Flame—AAS - < 0.005
8 GF-AAS ~ < 0.2
11 J-NAA 4 0.065

Coefficient
of Variation

7.9%
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Table 4
Results of intercomparison for chromium

Unit: Microgram/gram {dry-weight)

Lebhoratory No. of Laboratory Coefficient
Code No. Method Determinations Mean of Variation
2 GF—AAS 3] ?. 30% 29.9%
3 GF-AAS 6 0.57 8.5%
5 GF-AAS 6 1.37% B6.1%
8 GF-AAS 4 0.38 10.0%x
9 GF—AAS 6 0.58 21.3%
11 I-NAA | 0.70 3.4%
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Table &

Results of intercomparison for copper

Unit: Microgram/gram {dry-weight)

Laboratory
Code No.

WN~10 . e

10
11

13
14
15
16

Flamc-AAS
GF—-AAS
GF-AAS
GF—AAS
R-NAA
GF-AAS
™
Flame~AAS
GF—-AAS
Flame—AAS

No. of

Determinations

Laboratory
Mean

WOIMBRWRNNNRNLENWDWON

*3.02
4.30
3.43
4.00
5.67*
0.0086*

Coefficient
of Variation

SRR

9’?" .
fe RIRAR
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Table 6

Results of intercomparison for iron

Unit: Microgram/gram (dry-weight)

Laboratory
Code No,

Method

Flame—AAS
GF-AAS
Flame—AAS
T-NAA

No. of
Determinations

Laboratory

2
4
6
4

Mean

0.074x%
99.2
111.0
98.5

Coefficient
of Variation

7.0%
3.5%
13.5%



Results of intercomparison for mercury
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Table 7

Unit: Microgram/gram (dry-weight)

Laboratory
Code Nao.

[{vReeRe - WAY LY

Method

CV-AAS
CV—-AAS
CV—-AAS
CV—-AAS
CV-AAS
AAS
CV—-AAS
CV-AAS
R-NAA
GF-AAS
CV—-AAS
CV-AAS
CV-AAS
CV-AAS

IO AAWNAANDN

No. of
Determinations

Laboratory

Mean

ta
ao

L]

- * L] 1] [ ]
gmmmqg

DOoO0OQONOO0QLOO0OO
4 . * . - -
in=~IQcai.atdnn

L]

Coefficient
of Variation

0 (o]
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QHARRE RRBRBER
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Results of inlercomparison
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Table 8

for manganese

Unit: Microgram/gram (dry-weight)

Laboratory
Caode No.

7
8
9

11

Method

Flame—AAS
GF-AAS
Flame-AAS
R-NAA

No. of

Laboratory Coefficient
Determinations Mean of Variation
-~ < 0.003 -
4 3.72 23.2%
6 3.00 B.6X
6 3.18 2.2%
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Table 9
Results of intercomparison for nickel

Unit: Microgram/gram {dry-weight)

Laboratory No. of Laboratory
Code No. Method Determinations Mean
7 Flame~AAS - < 0.005

8 GF-AAS - < 0.8

Coefficient

of Variation
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Table 10

Results of intercomparison for lead

Unit: Microgram/gram (dry-weight)

Laboratory
Code No.

LN HWN -

Method

GIF-AAS
GF—AAS
GF-AAS
GF-AAS
GF—AAS
GF-AAS
Flame-AAS
GF-AAS
GF-AAS
GF-AAS
GF—AAS
EM
Flame—-AAS

No. of

Determinations

NWWHLDLENWNRLWWANOD

Laboratory
Mean

;MmN

*

»

o

.

- NN W

. *
e

w -
POSONOD DA A as

WHH

*

Coefficient
of Variation

6.0%
16.2%
13.2%
13.1%

7.7%

6.3%

16.8%
11.5%
26.8%
14.0%
3.7%
4.2%



- 18 -

Table 11
Results of intercomparison for antimony

Unit: Microgram/gram {dry weight)

Laboratory No. of Laboratory Coefficient
Code No. Method Determinaticns Mean of Variation
11 R-NAA 6 0.023 8.6%
Table 12

Results of intercomparison for selenium

Unit: Microgram/gram (dry-weightl)

Laboratory No. of Laboratory Coefficient
Code No. Method Determinal.ions Mean of Variation
8 GF--AAS - < 15.0 -

9 Hydride -AAS 6 0.80 9.7%
11 T NAA A 1.56 T.8%
Table 13

Resulls of intercomparison for vanadium

Unil: Microgram/gram (dry-weighl)

Laboral.ory No. of Laboral ory Coefficieni
Code _No. Method Delcrminat ions ___Mcan of Variation
8 QF -AAS 4 0.92 2.8%

11 R-NAA 6 0.063 12.0%
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Table 14

Results of intercomparison for zinc

Unit: Microgram/gram (dry-weight)

Laboratory
Code No.

Method

Flame—-AAS
Flame—AAS
Flame—AAS
Flame—AAS
Flame—AAS
Flame—AAS
Flame—AAS
Flame—-AAS
Flame—AAS
I—-NAA
GF-AAS
M
Flame—AAS
Flame-AAS

No. of
Determinalions

WAL RPODRLENWRLOD

[PITY

Laboratory

Mean

114.4
117.3
138.7
127.6
B4.5
0.14x%
110.6
104.3
60.2x%
113.0
8.5%
102.6
106.8
93.9

Coefficienti

of Varistion

00

|
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Table 15

Intercomparison MA(F)-MEDSBG/T
. Overall means of the determinations
of trace element concentrations in fish tissue homogenate

Number of Concentration%
Element Accepted Results + _Confidence Interval
As 3 1.66 + 1.20
cd 10 ' 0.045 + 0.023
Cr 4 0.56 + 0.21
Cu 12 3.04 + 0.48
Fe 3 102.9 + 17.5
Hg 13 0.54 + 0.08
Mn 3 3.30 + 0.93
Pb 12 4.34 + 1.83
Zn 11 116.2 £ 10.1

*¥ Al]l values are expressed in _pg.g'] of dry-weight.

Confidence intervals are given for a significance level & - 0.05



LIST OF PARTICIPATING LABORATORIES
(In alpbabetic order by country)

ALGERIA

DPr. M. Azzouz, Dr. A. Asso, Dr. I. Naceur
I.8.M.ALL.

Laboratoire de Chimie Marine

B.P. 90, ler Novembre

ALGER

CYPRUS

Pr. L. Athanassiadou

Fisheries Depariment :
Tagmatarchou Pouliou 5 & 7

NICOSIA

FRANCE

Dr. D. Auger
I.F.R.E.M.E.R.

. Centre de Nantes
B.P. 1049 .
44037 NANTES CEDEX 01

ISRAEL

Dr. H. Horpung

Israel Oceanographic & Limnological Research
Tel-Shikmona, P.O.B. 8030

HATFA 31080

TTALY

Dr. Grimaldi, Dr. lLa Paglia, Dr. Oliveri
Laboratorioc di Igiene e Profilassi
Reparto Chimico

ENNA

Dr. €. la Cognata
Laboratorio Chimico Igiene e Profilassi

. RAGUSA

Dr. A. Rinaldi

Regione Emilia Romagna
Coniro lniversitario R.R.M.
Via Vespucei 2

CESENATICO

LEBANGON

Dr. M. Mouscssian, Dr. V. Najjar

Marine Roscarch Centre

Nalional Council for Scicnlific Research
JOUNTEH



MALTA

Pr. M. Sammut

Toxicology Unit, Pathology Department
St. Luke's Hospital

G'MANGIA

SPAIN

Dr. J. Masip Llopis, Dr. A. Pastor Garcia, Dr. J. Medina Escriche
DPr. R. Melero Melero

Dept. of Analytical Chemistiry

University of Valencia

Dr. Moliner No. 50

Bur jasot

VALENCIA

Dr. V. Gomis Yagues
Depariamento de Quimica Tecnica
Universidad de Alicante
Apartado 938

ALICANTE

SYRTA

Dr. R. Nahhas

Marine Research Centre
P.0. Box 1216

LATAKIA

YUGOSLAVIA

Pr. M. Brunica

Centre for Marine Research, Zagreb
Rudjer Boskavic Inst.itute

P.0. Box 1016

41001 ZAGRER

Dr. A.R. Ryrne

Josel Stefan Institute
Jamova 39

61111 LJUBLIANA

Pr. M. EKras, Dr. R, Medugorac, Dr. J. Santin
Institute of Public Boenlth

B. Ridrica 52a

51000 RIJEKA

pr. R. Planinc
Marine Research Training Centre

JIA 65,
66330 PIRAN
Dr. T. Tomic

Instjtule of Public Healtlh
Balkanska 46
58000 SPLIT



