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SUMVIARY = : . ,
This exercise formed part of a trace metal intercalibration programme
conducted under the auspices of the ICES Working Group on Pollution Base-
' line a.nd Monitoring Studies.‘ ‘I‘wo sa.mples oi‘ sea water (inshore and
off hore) were collected from the southern North Sea during January 1977.
The water was filtered, subdivs.ded and stored mostly deep frozen;.:- Sub— ‘
samples were »distributed to 65 participants 1n ICES member countries. .
Twenty-eight sets of results had been received by July 1977 ' The ra.nge
of values reported for most metals was large and coefficients of varia— .
tion were between 18 and 201%. f[he analys1s of cadmium, lead and n.ickel ‘
showed the grea.te t variabilit& 'but the ma.nganese and z:an data showed " .
less variation tha.n the remainder. A group of institutes was selected \
_on the basis oi' their manganese analysis and :Lt was shown that their A
coefficient of variation for most metals was better than the group as a
whole., A full report on this exercise together with the results of other
phases of the programme will be published in the ICES Cooperative Research
‘ Report Series. Further programnes of intercalibration are proposed. o
INTRODUCTION
During 1975 the ICES Working Group on Pollution Baseline and Monitor-
ing Studies in the Oslo Commission and ICNAF areas app01nted a sub-group
on Contaminant Levels in Sea Water to. exam1ne techmcal matters relat:mg
to the monitoring of trace metals and their a.nalys:Ls.- '.'Lhis-sub—group
proposed a series of intercalibration exercises (ICES, 1975) and the
first two phases examined trace metal standard: solution.; and. mercury in
sea water., ' Reports on these proaects have been 'made by Jones (1976) and

O1afsson (1976) respectively. .The:third phase of this series 1nvolves

the intercalibration of ceawater samples for a variety of metals and

this report presents preliminary data on this project.
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METHODS -

Durmg January 1977 samples of surface sea water were collected in
the central part of the southern North Sea (51944 020231E: Sample A)
and closer inshore off the Netherlands coast (52003'N O4°O4'E. Sample B)
The water was filtered through 0 45 um IIJ.llipore membranes within a few

hours of collection and each sample was bulked. Several 1 la.tre allquots

were placed :Ln ac:n.d-—washed polyethylene bottles a.nd J.mmediately deep
frozen. In additlon, some samples were un 1nto bottles provided by

participating institutes and stored as requested.

IIost samples were dlstrlbuted to partlcipa.nts deep frozen surrounded

by dry 1ce in expanded polystyrene containers. The majorlty of consig'z-
ments despatched to overseas 1nst1tutes were ‘sent by alr freight. 'In“ :
most :mstances th1s system worked well.’ A shlpping agent was appo:.nted

in’ the Un:Lted Klngdom to coordJ.nate the transportatlon and the recJ.pJ.ent

------ o Tt

was alerted 1n advanoe :Ln order to expedlte customs clearanoe. 'I‘he
majorlty of samples were no longer than 48 hours in transit.

- In add:.tion to the sea water, conoentrated multi-element standard

solut:.ons were sent to each pa.rt:.cipant as a contlnuat:.on of the i‘irst

phase of the 1nterca11bratlon (Jones, 1976) Analysts were requested to
use these standards in addition to their own when determ:.n:.ng the meta.l
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content of the .seawater samples. ' k, o
Samples have been d1 trlbuted to the following J.nstltutes. ' o '

Belg:.um ; o
Free Unlversz.ty of Brussels R

Canada G el Cre

Bedford Instltute of Oceanography, Dartmouth
Department of the Enviromment, Vicloria

Denmark . .. : o cn e e T T T T e

Danish School of Phamaoy, Copenhagen . TR LA

Institute of Plant Ecology, Univers ity of Copenhagen
Superfos Research Laboratory,-Vedbaek : :
Water Quality Institute,. Hfrsholm -.

Federal"Republlc of Germany

Deutsches Hydrographisches Institut, Hamburg  ~ @~ - % Wy i

Gesellsohaft i‘lir Kernenergleverwertung 1n Schlffbau und Schli‘fa.hrt,
‘Geesthacht - 4

Institut fur Meereslmnde an der Umvers:.tat, Kiel™

Institute of Marine Research, Helsink:.



France

Centre National pour 1l'Exploitation des Océans, Brest (To distribute

15 sets of samples) . '
Institut Sclentlflque et Technlque des Péches Marltlmes, Nantes
German Democratic: Republlc

Institut fur Meereskunde, Warnemlinde

Greenland

Geological Survey, Greenland

Iceland

Hafrannsoknastofnunin, Reykjavik

Netherlands

Instituut voor Bodemvruchtbaarheld, Ha:r:en
Nederlands Instituut voor Onderzoek der Zee, Texel
Rijksinstituut voor Zuivering Afvalwater, Lelystad
TNO Central Laboratorium, Delft .

Noxwa,

Central. Institute for Industrial Reseaxrch, Blindern
Department of Chemistry, University of Oslo

Ins’cltute i‘or Marlne Blolog'y and lenology, Un:.vers:.ty of Oslo
Poland :

Oddz:Lal Morskl IMGU ’ kGd,yma

Portugal .
Instituto do Ambiente e Poluicao Aquidtica, Lisbon

Republlc of Ireland
Department of Agriculture and Fisheries, Dublin

UK

——

Clyde. Rlver Pumflcatlon Board, East Kilbride

Department of Agriculture and Fisheries for Scotland, Aberdeen
Department of Oceanography, University of Liverpool :
Department of Oceanography, University of Southampton

Imperial College of Science and Technology, University of London
Ministry of Agriculture, Fisheries and Food, Lowestoft -
Southern Water Authority, Brighton

Southern Water Authority, Winchester

Thames Vater Authority, London -

University College of Swansea

Wessex Water Authority, Poole

USA

Callfornla Instl‘bute of 'I'echnology
Environmental Protection Agency, Na.rragansett
Ira-Darling Centre, University of Maine.

Marine Science Centre, University of Comnnecticut
National Marine Fisheries Service, Milford



USA (continued)

New England Aquarium, Boston . -

NOAA, AOML, Miami

Scripps Institute of Oceanography. . .
Skidaway Institute of Oceanography, Un.wers:.ty of Georg:.a.
Southern California Coastal Water Research Project, El Segundo
University of Delaware
University of Washington
US Envirommental Protection Agency, Edn.son

. ‘.~

USSR .
Department of the Baltic Sea Institute, Tallinn

RESULTS

By late July 1977 results had been received from 28 of the 65 parti-
cipants. A detailed analysis of the data will not be made untll more
results have been received. However, the results submtted so far are. |
presented in Tables 1 and 2. The partlclpatlng laboratories are’ anony—-
mous and code numbers were allocated in chronological order of receiving .
the replies, The statistical analysis of the results at the foot of ‘.
each table haﬁ been calculated usm.g only results above detect:.on llmts,
but cobalt and mercury have been omltted owing to the small sa.mple number.

With the cxception of iron, the inshore sample B shows higher mean
metal levels than the offshore sample A, The veria'ﬁoﬁ'in meen'concené o
tration between the two samples is an order of magnitude for manganese. .
but much less for the other metals., ' : .

Irmediately apparent is the very high coefflclent of varlation for .
most of the metals, ex.,end.mg up to 200% for lead :m sa.mple B. For
sample A the coefficient of va.r:.at:.on increases in the order Zn - Cu. - .-
Fe+*In~>Cr+ Ci* Pb-> Ni. For sa.mple B the order is Mn = Zn * Fe ¥ '-.:4;
Cr~ Cu~ Cd -+ Ni-¥ Pb. "‘huo, i‘or both- vamples, n:Lckel, 1ead a.nd cadm1um
ghow the worse agreemént.» The pos:.tlon of .the other metals va.rJ.es some=" .
what between each set, although z:.nc uhows a relatlvely 'low' coeffic:.ent
of va:r:iatlon in both 1ﬁstances. :

The lowest coefficient of varlatlon (18 o) was for ma.nganese in
sample B. A comparison with other metals cannot stnctly be. made since
not all the participants measured each element., A sta.tlstlca.l ana.lys:.s
has, however, been made using only the data of those partlclpants who
reported mangsnese values above detection limits for sample B (Table 5)

In addition to cobalt and mercury, chromlum has also been excluded owJ.ng

to the small number of reported va.lues. : W:Lth the excepta.on of iron where

the data were common to both eets‘,:‘ceei‘flc;ents of variation fo:e eachﬂ__
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. metal were markédly lower than those listed in Tables 1 and 2. The value °

for manganese in sample B, however, remalned the lowest of the 'set, One’
may thus infer that the- 1aboratorles in this limlted group were able to
achieve a closer degree of uniformity than the participants’'as a whole,
' Six subsamples from each of samples A and B were analysed during -
May by the Fisheries Radiobiological Laboratory at Lowestoft., Coeffi= -
cients of variation on each set of replicates ranged between 9 and 24%
for the metals Cd, Cu, Ni and Zn.’ Thus the wide variability reported

- throughout -the group would not seem aftributable‘to sample inhomogeneity

and, as would be- -expected,- a“greater degree of precision can be achleved -
on replicate analyses by one laboratory using a single method.

The analytical methods used in this exercise cover a wide range of
techniques. A statistical treatment 6f the data'in relation to the
methodology will be made when more data are available. "

Several participants, 'in addition to receiving frozen samples in
standard polyethylene bottles, provided their own bottle with specific -
methods of sample storage. - All data from this part’of the exercise are
now available and the results are given in Table 4. :Any difference
between the analysis on -the standord (MAFF) sample and the sample from
the participants own bottle (P) may result from contamination and/or - ' -
changes during storage in the amount of metal available for analysis.
The results in Table 4, however, are inconclusive since there are t00
many variable factors coupled with insufficient replication.

- The multi~element standard solutions distributed to participants -
were similar to. those used for the first phase of the exercise. They -
contained Co,-Fe, Ni, Pb, Cd, Cr, Cu, }n and Zn in concentrations ranglng
between 193 and 261 ng 1-1," Coefficients of. variation roported on. the :
results of the first exercise (Jones, 1976) were an order of magnitude

‘lower than those recorded during the present phase.  Thus it will pro=-

bably be difficult to isolate any features specifically associated with =
the use of . the standard solutions. within-the present exercise. ~Mbré6ver,‘:
some participants who used electro-chemical methods of analysis experien=-
ced difficulty with the multi-element standards owing to interference
between one eclement and another. Details of the results obtained using
these standards will be given in the final report. '

DISCUSSION
The range of values reported for most of the metals are disturbingly

large and are similar to those of a much earlier intercalibration



coordinated by Brewer and Spencer (1970). - However, participation in the
present exercise was open to all institutes.of ICES member countries and
some laboratories are relatively.new to the analysis of sea water. It is
perhaps significant that there were seven established marine institutes

withiﬁ the. eight 1aboratories whose data showed closer agreement than the

group as a whole (Table 3). .

.The use of a common standard metal solution for calibration purposes -

in such an exer01ge_would-seem to have some advantages.. However, for
reauoﬁu.alfeady éiven, a multi-element standard now,éeems undesirable and
should, porhap be replaced by several single-element solutions.

The system of distributing deep frozen samples by air frelght proved
very sat}sfactory and cculd form the ba31s of any future exercise of a

similar nature. . The appointment of an agent to coordinate air transit -

is highly recommended.

The two seawater samples used in the present exercise did not differ

by a sufflolent margin to evaluate the capability of an institute to mea- .

sure, the metal content of.?oceanic' water compared with highly polluted
water. Also in most instances there was not a sufficient amount of

sample to permit replication of analyses. The sub-group on Centaminant

Levels in Sea Water has therefore proposed a .fourth exercise (1cEs, 1977).

Frozen seawater samples will be distributed in sufficient quanzity to
allow replicate analyses and some water will be enriched with metal in
order to assess analyses at high concentration levels. Subsequent exer—.

cises w111 probably involve closely controlled tests ir which mcthods of

water collection and storage are compared using a single research vessel. .

The results of the intercalibration programme to date, which will

include the tests of standards, the mercury exercise and the above frozen.-

seawater project together perhaps with an earlier exercise between
Belgium, Netherlands and tho:Uhited Kingdom (Duinker,:Elskens and Jones,
1975) ,will be presented in the ICES Cooperative Research Report Series.-
In addition, an abb:eviated;version will probably be published in a . .

Journal of wider distribution.
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Table 1 The analysis of sample A (ug 171)
Institute and method Co Fe Ni Pb ca- or - Cu . Mn Zn Hg
1. 48 (2) & 4.1 0.20 045 1.5 8.6
EC o C 6.2
2. A4 (1) A& (Mn*) <1.0 <@.5 <0.5 0.03 <05 <0.5 <io 5,6
3. 48 (1) A 0.2 2.3 0.6 0.8 03 - 04 0.6 0.4 4.8
4. EC (Hg A4 (3)) 0.18 10.09 1.22 4.72 " 38.6
5. 4A (2) A <0.5 <1.0 <1.0  <0.5 <0.1 <0 0.4 <20 6.5
6. EC 5.6 0.6 <1.0 ” 22.é
7. 48 (2) & (Zn (1) &) 0,37 0.07 0.5 5.5 0.15
8. EC 0.315  0.047 0.49 3.59
9. A (2) B 0.3
10. A4 (1) A (ca, Pb Mn (2) 4) 3.0 0.51 0.09 0.6 < 0.06 9.9
EC pH 8.1 0.18 0.11 0.4 4.7
EC pH 1.85 2.0 0.10 0.8
11. A4 (2) A 4.9 0.5 0.19 0.9 2,2
EC 2.1 0.14 , . 17
12. EC 0.90 0.18 0.88 o
13. A2 (1) A <0.1 2.0 0.05 -2.3 0.5 6.0
14. 24 (2) B (Ni, Pb and Zn (1) B) <0.4 <0.8  <0.8 0.13 <o.z{ 0.7 5.5
45, aa (2) A <5 5 <0.5 <0.5
16. EC 0.09 0.10 0.99 4.8



Table 1 (cont)

Institute and method

Co Fe Ni Pb Ca Cr Cu Mn Zn . Hg
17. EC 0.13 0.03 1.0
18. AA (2) ¢ 1.1 <0.05 0.5 0.24 11
19, a4 (1) A <0.2  <0.4 <0.05. 0.3 2.9
20. PE - 0.35 <0.07 0.63 5.6
21. AA (2) B 0.15 0.053 0.39
22, AL (2) D 0.13  1.05 0.80  0.71 0.099 0.55 0.39 4.0
23. A4 (2) A 0.7 8.1 0.28 0.13 0.76 1.5 10.8
24. AA (2) B <1 0.04 1.4 11.6
25, AA (?) A 0.44 0.023 0.22 5.5
26. AL (2) C 0.40
27, AA (1) A 6.4 1.4 0.2 2.2 2.1
28, AA (2) A 0.26 0.020 0.27 7.55
X 3.51 1.63 1.04 0.12 0.93 0.70 0.99 7.35
s 2,48 2:34  1.37 0.12 0.92  0.44 0.75  4.59
V% T1 144 132 100 99 63 76 62
Key: AL = Atomic absorption A = Organic extraction
- " EC =" Electrochemistry -~~~ ' B = Ion excharge resin
- PE = Plasma emissio C = Direct injection
(1) = Flame T D = Coprecipitation
(2) = Furnace | * .=, Colorimetric
(3) = Cold vapour -



Table 2 The analysis of sample B (pg 171

Institute and method °

Co Fe = Ni Pb ca Cr Cu Mn Zn Hg
1. 44 (2) A 1.2 0.12 017 0.63 . 9.8. 7.6
EC 7.

2. AA (1) A (Mn¥*) <1.o' <2.5 <0.5 0.14 0.5 0.7 <10 15.2
3.48 (1) & 0.4 4.0' 1.2 0.6 0.2 ,0.3 1.0 9.8 9.8
4. EC (Hg 4A (3) 0.32 0.11 0.90 é.92 27.5
5. a4 (2) A <0.5  <1.0 1.8 <0.5 0.1 <10 0.8 <0  10.5
6. EC 5.0 0.3 <1.0 6.6
7. 84 (2) & (Zn (1) 8) 0.09 0.11 1.2 11.8 0,07
8. B¢ 0.205  0.080 0.83 3,78
‘9. A4 (2) B 0.54
10. a4 (1) 4 (Cd; Pb Mn (2) &) 2.6 0.51 o.13 0.6 1.0.6 16;5

. EC pH 8.1 0.26 0.12 0.3 4.65

EC pH'1.85 2.2 0.09 0.9

11. A4 (2) & 2.2 1.0 0.10 0.5  13.8

CEC 1.1 10.09 : 8.
12, BC 0.42 0.087 0.89
13. 44 (1) & 0.9 0.5 0.15 3.3 0.8 10.0
t4:Ak (2)B (Ni; Pb and Zn (1) B) | <0.4 <0.8 " <0.8 10,09 "<0.2 9.8  10.4
15.‘..Y’AA, (")A S ‘ <5 ) 16 - <5 <5 i
16, EC 0.11 0.09 1.10



Table 2 {(cont)

.Cd LI

Institute and method Co Fe Ni Or Cu Mo Zn  Hg
18. 44 (2) © 1.7 . 0.20 1.1 7.4, 1
19. 44 (1) & 1.2 <0.4 0.10 - 0.6 9.0
20. PE 1.9 1.2 0.52 14
21, a4 (2) B 0.11 0,103 ' 0.6
20, AL (2) D 0.15  1.80 0.72 0.80 0.078 0.46 9.6. 7.8
23, Aa (2) A 0.13 5.8 0.69 0.57 - 0.71  11.6. 13.8
24, A8 (?) B < 0.2 0.8 13.3
25. aa (2) 4 1.1 0.17 - 0.29 - 15
26, AA (2) C 0.66
27. AL (1) A 24.2 11.2 1.9 8.8 . 30.3
28, AA (2) A 0.95 0.032 " 0.60 " 11.6
X 2,76 4.31 1.39 0.25 ©  1.06 1,03 10.30 10.89
S b 1.61 7.59 2.80 0,40 1.26 1.63 . [1.84 5.10
V% 58 176 . 201 160 119 151 18 & 47
Key: AA = Atomic abserption A = Organic extraction
EC = FElectrochemistry B = Ion exchange resin
PE = Plasma emission C = Direct injecticn
(1) = Flame D = Coprecipitation
(2) = Furnace * = Colorimetric
(3) = Cold vapour



Table 3 A statistical analysis of trace metal data from Institutes repornng
manganese values

Sample A
Fe Ni Pb cd Cu Mn * 7n
X pg 1! 3.51 . 0.55 0.56 0.16 0.62 0.99 7..80
S | . L
S 2.48  0.22 0.27 0.08 0.16 0.75. . 2.97
V% - 40 48 50 26 76 38
Sample B
Fe Ni Pb cd Cu Mn ¢ In
Xug 1 2.76 . 0.90  0.51 0.19 0.71  10.30  10.13
S © 1,61 0.24 0.29 0.16 0.25  1.84. ° 2.10

V% " 58 27 57 84 3 18 2
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Table 4 The metal content of samples (ug 1_1) stored in MAFF polyethylene bottles and the participant's (P) own bottle

Institute Co Fe Ni Pb Cd Cr Cu Mn Zn
sample
and bottle MAFF P MAFF P MAFF P MAFF P MAFF P MAFF P MAFF P MAFF P MAFF P
% 1 Quartz : ,
| frozen A . 6.2 2.9
- 2 Poly- (
egl‘gig’l‘:d EA <1.0 4.5 <2.5 <2.5 <0.5 <0.5 0.03 <0.02 <0.5 <0.5 0.5 0.6 <10 <10 5.6 5.2
an B <1.0 5.0 <2.5 <2.5 <0.5 <0.5 0.14 0,08 <0.5 <0.5 0.7 0.6 <10 <10 15.2 9.3
unfrozen (
Poly~
° eZklgrlene EA : 0.315 0.494 0.047 0.063 0.49 0.49 3.59  4.80
anfrozen (F 0.205 0.220 0.080 0.099 0.83 0.63 3.78  4.66
23 Poly- (
Z;“?é’i?i’idf 0.17 <0.037 8.1 4.3 0.28 0.38 0.13  0.072 0.76 0.44 1.5 0.3 10.8 6.0
and (B 0.13 0.10 5.8 4.2 0.69 1.04 0.57  0.098 0.71 0.73 11.6 12.1 13.8 13.5

unfrozen (




