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An intercalibration exercise between 13 laboratories
from seven countries was conducted for comparing
the methylmercury measurement techniques for
marine biological tissues. Analyses have been con-
ducted on two sets of samples: a fish muscle and
a mussel soft tissue. Most of the participating
laboratories performed six replicate analyses, allow-
ing statistical comparisons. Various analytical
techniques have been used, including cold vapour
atomic absorption spectrophotometry (CVAA), elec-
tron capture gas liquid chromatography (GCEC),
neutron activation (NAA), and inductively coupled
plasma—isotopic dilution mass spectrometry
(ICPIDMS). All of these methods offer similar
results. They allow us to define consensus values
which seem good estimates of the real concentra-
tions. In addition the results show, for most of the
participating laboratories, good accuracy and preci-
sion in the determination.

Keywords: mercury, methylmercury, intercalibra-
tion, biota, analysis

INTRODUCTION

Certain metals occur in marine organisms as relatively
stable organometallic compounds. Organic mercurial
compounds, especially the most common form,
methylmercury, are highly toxic. Thus, it is very
important to have accurate data about the amount of
this kind of compound in seafood. Since 1971, the
International Council for the Exploration of the Sea
(ICES) has organized seven intercomparison exercises
to test the measurement of trace metals in marine

biological tissues. Encouraging results were obtained
suggesting the efficiency of such exercises in improv-
ing reliability and intercomparability of data produced
during monitoring programmes.'™ Therefore ICES
suggested an intercomparison exercise on the analyses
of methylmercury in biological tissues. The Marine
Chemistry Working Group of ICES decided to focus
the exercise on the measurements of methylmercury
in fish muscle and mussel soft tissue. It was carried
out in 1987 and restricted to laboratories that had
experience with the analysis of methylmercury. The
present report describes the results obtained.

EXPERIMENTAL

Sample preparation and distribution

The two sets of samples (fish muscle and mussel soft
tissue) were provided by the National Research Council
of Canada and came from the remaining stock of the
ICES 7/TM/BT intercomparison exercise. Sample E
consisted of dog fish muscle; Sample H consisted of
soft tissue of blue mussel (Mytilus edulis). Their
preparation procedure and their trace metal contents
have already been described.?

After homogenization, the material provided was
distributed in 25 g amounts in glass bottles previously
cleaned with an acid wash in a clean room and dried
at 350°C in an oven. Screw-on plastic caps were fit-
ted with Teflon liners. The bottles were labelled and
wrapped hermetically in sealed plastic bags.

The sets of two bottles each (samples E and H) were
sent in August 1987 to the participating laboratories.
In February 1988 the results were received from 13
laboratories, which are listed in Table 1.
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Table 1 List of participating laboratories

Country Lab. no.
Canada 1 Drs S. Berman and M. Sin, Division of Chemistry, National Research Council Canada,
Montreal Road, Ottawa, Canada KIA OR6
8 Dr A. Rieger, Department of Fisheries and Oceans, Central and Arctic Region, Freshwater
Institute, 501, University Crescent, Winnipeg, Canada R3T 2N6
Denmark 3 Dr. 1. Drabaek, Danish Isotope Center, Skelbackgaede 2, DK-1717 Kbh. V, Denmark
15 Dr H. U. Riisgard, Institute of Biology, Odense University, Campusvej 55, DK-5230 Odense
M, Denmark
France 5 M. R. Flaugnatti, Laboratoire Municipal et Regional, 29, rue Bourg I’Abbé, F-76000 Rouen,
France
18 Dr Y. Thibaud and B. Averty, IFREMER, Centre de Nantes, BP 1049, F-44037 Nantes Cedex
01, France
German Democratic 11 Dr. G. Manthey, BezirksHygienelnspektion und Hygiene-Institut, Stephanstr. 18, DDR-2500
Republic Rostock, GDR
14 Dr M. Roschig, Arbeits hygienisches Zentrum der Chemischen, Industrie der DDR
Betriebspoliklinik, DDR-4220 Leuna, GDR
20 Dr G. Wolft, Institut fiir Hochseefischerei Rostock—Marieneche, an der Jagerbak 2, DDR-2510
Rostock, GDR
German Federal 6 Dr U. Harms, Bundesforschungsanstalt fiir Fischerei, Labor fiir Radiodkologie der Gewisser,
Republic Wiistland 2, D-2000 Hamburg 55, FRG
Norway 9 Dr K. Julsham, Fiskeridinektoratets Ernarings Institute, Lars Hilles gt. 26, PO Box 4285, 5028
Bergen, Norway
Sweden 12 Dr B. Ohlin, Food Research Laboratory, The National Food Administration, Box 622, S-75126
Uppsala, Sweden
19 Dr B. Westdd, Swedish Environmental Research Institute, PO Box 21060, S-100 31 Stockholm,
Sweden
methylmercury. We checked that all results had been
RESULTS Y Y s
expressed as mercury whatever the chemical form was.
In addition, all the laboratories measured the water con-
The data

The data presented some disparity with respect to the
results concerning organic mercury compounds. They

included:

(a) total mercury, methylmercury or organic mer-
cury on samples E and H by nine laboratories
(3,6, 8,9, 11, 12, 14, 18 and 19);

(b) total mercury, organic mercury and methyl-
mercury on sample E and total mercury on
sample H by three laboratories (1, 5 and 15);

tent of the samples as requested. All mercury concen-
trations are expressed on a dry weight basis.

All analytical data (moisture, total mercury, organic
mercury or methylmercury) are given in Table 2. In
addition, methylmercury and organic mercury results
are presented in Fig. 1 for sample E and Fig. 2 for
sample H.

The description of analytical methods used by dif-
ferent laboratories and their detection limits are given
in Table 3.

(c) only methylmercury on samples E and H by
laboratory 20.

Most participating laboratories performed six
replicates for total mercury, organic mercury or

Statistical approach

In order to approach the real concentration in the
samples in order to be able to assess the analytical
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Figure 1 Sample E (dog fish). (R), rejected value for the calculation of the overall (methylmercury + organic mercury data) consensus value.

capabilities of the participating laboratories, a simple
statistical treatment has been performed. After testing
the normality of the distribution of the data, we applied
t-tests, with 95% confidence limits, to the different data
series: average values were rejected until the obtain-
ing of homogeneous sets of data; discarded data are
considered as outlying values. This approach is similar
to the one used in the recent ICES intercalibration
exercises.’

Water content

Moisture determinations vary from 2.2 to 12.9% for
sample E and from 1.8 to 5.5% for sample H. Such
variations can result from a lack of standardized
methods for the measurement of water content and/or

real discrepancies from one sample to another. This
last hypothesis is very unlikely because of the pro-
cedure used for the preparation of the samples.

Total mercury

Laboratory data for total mercury are within 2 stan-
dard deviations (SD) around the means determined dur-
ing the ICES 7/TM/BT exercise.> The overall
averages + SD are 1.99 + 0.21 ug g~ ! (dry wt) and
0.18 + 0.03 ug g~ ' (dry wt) for samples E and H
respectively. These averages are close to the consensus
value determined by Berman and Boyko® during the
ICES 7/TM/BT exercise: 1.95 + 0.38 ug g~' (dry
wt) for sample E and 0.17 + 0.04 pg g~ (dry wt)
for sample H.
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Figure 2 Sample H. (R) rejected value for the calculation of the overall (methylmercury + organic mercury data) consensus value.

Methyimercury and organic mercury

Because of the important differences in analytical
approach, a distinction, as a first step of evaluation,
between data expressed as methylmercury and those
expressed as organic mercury is needed. The first
group (methylmercury) refers to data obtained by gas
liquid chromatography with electron capture detection
(GC EC) after chemical treatments comparable with
those initially proposed by Westo6.*> The second
group (organic mercury) refers to data obtained by
other methods: separation and/or selective reduction
of organic forms of mercury as mercury(0) (Hg and

measurement by cold vapour atomic absorption spec-
trophotometry (CV AA), neutron activation analysis
(NAA) or inductively coupled plasma and isotopic
dilution mass spectrometry (ICP IDMS).

Each data group was normally distributed (P <
0.05) around average values with standard deviations
given in Table 4. Whatever the sample (E or H) there
is no statistically significant difference (s-test, P =
0.05) between methylmercury and organic mercury
averages. This observation tends to indicate that
methylmercury constitutes the only organic form of
mercury present in the two samples studied. This con-
clusion is supported by the observation of
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Table 3 Analytical methods
) Detection
Laboratory Hg species analysed Treatment Detection limit Reference
1 Total Hg Acid digestion CV AA 0.1pugg™! a
Methy! Hg Extraction with C(H, after HC! treatment; GC EC 0.1 ugg™! —
concentration of the solution by evaporation
Organic Hg Extraction with C;H, after HCI treatment; CV AA 0.1 pugg™! —
re-extraction in cysteine; acid digestion
As above + isotopic dilution ICP IDMS 0.1 ug g™t —
3 Total Hg Acid digestion after irradiation, distillation NAA 1ngg b
and electrolysis on gold
Organic Hg Extraction with C;H;CH, after CuSO, and NAA Ingg™! c
NaBr treatment; re-extraction with cysteine
and C¢H,CH,
5 Total Hg Acid digestion CVAA 0.0l pg g’ —
Methyl Hg Extraction with C(H, after HCI treatment GC EC 0.05 ug g™ de
6 Total Hg Acid digestion CV AA 0.6 ng g™ f
Methy! Hg Extraction with C(H;CH, after HCI treaiment; GC EC 5ngg™! g
re-extraction with cysteine and C¢H;CH,
8 Total Hg Acid digestion CV AA 0.01 ug g™! h
Organic Hg Treatment with acid solution of CuSO,, NaBr CV AA 0.01 pg g™! —
and extraction in CH,Cl,; acid digestion
9 Total Hg Acid digestion CV AA 0.05 pg g~" —
Organic Hg Difference between total Hg (SnCl,/CdCl,) CV AA 0.05 ug g™! i
and inorganic Hg (SnCl, in alkaline solution)
10 Total Hg Acid digestion CV AA 0.025 ug g~ —
11 Total Hg Reduction in alkaline solution (stannite); CV AA 0.1 ngg™! j
distillation; concentration on gold
Organic Hg Difference between total Hg and inorganic CV AA 0.1 ngg™' J
Hg; distillation; concentration on gold
Organic Hg Alkaline digestion; trapping of organic Hg in CV AA 5ngg™’ k
cysteine solution; reduction; concentration on
gold
12 Total Hg Acid digestion CV AA 0.06 ug g™" !
Methyl Hg Extraction with C;H,CH, after HCI, NaBr GC EC 0.06 pg g~! -
treatment; re-extraction with cysteine and
CH.CH,
14 Total Hg Alkaline reduction with stannite; CV AA O.lngg™! j
distillation; concentration on gold
Organic Hg Difference between total Hg and inorganic CV AA 0.1 ngg™! —

Hg; distillation; concentration on gold

cont.
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Table 3 (continued)

Detection
Laboratory Hg species analysed Treatment Detection limit Reference
15 Total Hg Alkaline digestion; reduction with SnCl,, CV AA 0.04 pg g~' m
then with NaBH,
Organic Hg Alkaline digestion; reduction with NaBH, CV AA 0.04 pg g~! m
after reduction by SnCl,
Methyl Hg Extraction with CgH,CH, after acidic GC EC 5ngg™’ —
treatment with NaBr; re-extraction with
cysteine and C,H
18 Total Hg Acid digestion CV AA Sngg! —
Methyl Hg Extraction with C.H,CH; after CuSO, and GC EC 0.02 pg g™' n
NaBr treatment; re-extraction with Na,S,0,
and C,H,CH,
19 Total Hg Acid destruction after irradiation, NAA 03ngg™! —
distillation, electrolysis
Methyl Hg Extraction with C,H,CH, after acidic GC EC S5ngg! —
treatment with NaBr; re-extraction with
cysteine and C.H,
20 Methyl Hg Extraction with C;H,CH, after acidic GC EC 0.01 ug g™’ 0

treatment with KBr; re-extraction with

cysteine and C;H,CH,

Abbreviations: CV AA, cold vapour atomic absorption spectrophotometry; NAA, neutron activation analysis; GC EC, gas—liquid
chromatography —electron capture detector; {CP IDMS, inductively coupled plasma—isotope dilution mass spectrometry.
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Table 4 Summary results: methylmercury and organic mercury concentrations in ug g~' (dry weight)

Methylmercury

Organic mercury

Methylmercury
+
organic mercury

1.08+0.19

0.356—-1.43
1.00£0.27
t6

Sample E
All data (taking into account the average value of each participating laboratory)
Range 0.356—1.42 0.80-1.43
Average + SD 0.91+£0.34
Number of data 7 9
(Lab. nos) (1, 5, 6, 12, 18, 19, 20)

Data taken into account for the consensus value (after s-tests)

(1, 3, 8,9, 11, 14, 15)

(1,3,5,6, 8,9, 11, 12, 14, 15, 18, 19, 20)

Range 0.356—1.42 0.80-1.20 0.68—1.43

Average + SD 0.91+0.34 1.03+0.14 1.04+0.22

Number of data 7 8 15

(Lab. nos) (1,5, 6,12, 18, 19, 20) (1, 3,9, 11, 14, 15) (1,3,5,6,8,9, 11, 12, 14, 15, 18, 20)
Sample H
All data (taking into account the average value of each participating laboratory)

Range 0.045-0.086 0.040—0.080 0.040-0.086

Average + SD 0.063+0.018 0.054:0.016 0.059+0.017

Number of data 5 5 10

(Lab. nos) 6, 12, 18, 19, 20) (3. 8,9, 11, 14 (3,6, 8,9, 11, 12, 14, 18, 19, 20)

Data taken into account for the consensus values (after r-tests)

Range 0.045—-0.086 0.040-0.056 0.040-0.080

Average + SD 0.063 +0.018 0.048 +:0.008 0.056+0.014

Number of data 5 4 9

(Lab. nos) 6, 12, 18, 19, 20) (3,9, 11, 14) (3,6, 8,9, 11, 14, 18, 19, 20)

chromatograms of laboratory 18 according to which
neither sample E nor sample H presents any trace of
ethylmercury or phenylmercury. In addition, none of
the other participating laboratories using GC EC
methods reported the presence of organic form of mer-
cury other than the methyl one.

Consequently it is justifiable to calculate overall
averages trrespective of the methods used which should
be considered as consensus values for methylmercury:
1.04 + 0.22 ug g~ ' (dry wt) for sample E and 0.056
+ 0.014 pg g~ ! (dry wt) for sample H, with coeffi-
cients of variation (CV = sb/m) of 21 and 26% for
samples E and H respectively (n = mean).

On the basis of the results it is possible to calculate
methylmercury:total mercury ratios of 0.52 for sam-
ple E and 0.31 for sample H.

CONCLUSIONS

The t-test procedure used in the previous ICES inter-
calibration exercises’ has allowed four consensus
values to be defined for methylmercury in the two
samples studied. Although involving a small number
of participating laboratories, these consensus values
seem good estimates of the real concentrations. This
opinion is backed up by the multiplicity of the analytical
methods used (GC EC, CV AA, NAA, ICP IDMS).

Allowing that all the organic mercury is methyl-
mercury, none of these methods leads to average values
significantly different from the overall average for sam-
ple E and also sample H. Conversely, it is not pos-
sible to point out one type of method as offering better
results than another.
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It can be stated that, compared with the resuits of
other intercomparison exercises, the overall variabil-
ity of the results of this first exercise on methylmercury
in biological tissue is relatively small. This clearly
appears from Figs 2 and 3 and is evidence for the com-
petence of the participating laboratories.

One further step to improve comparability of results
would be the measurement of methylmercury in
samples with the assistance of certified reference
material for methylmercury.

Acknowledgement Thanks are due to participants for having made
this ICES 1/CH3HG/BT exercise successful.
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