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SUMMARY
'. ., .. . ~.

This exercise fo:rmed part of. a trace metal intercalibration programme
,'" . .'" ~ " . . ." ~: .~ . . .... . ..~ ./'.' '., ',; . " " . " . . ',. :""'.

conducted under,the'auspices of the ICES Working Group on Pollution Base-
.. " '. • .' .:. -', .:'" a' ... r,. :. r ". . '-"', \' '. I . .' :. '. • ..

line and Monitoring Studies. Two samples of sea water (inshore and

Off~ho~~j~~ere ~olie~te{ti~~'th~s~~thern No~th Se~' durlng '~~tia;;" 19'ii~'"
The'~t'e; .wa~ 'filt~;ed'~ subcllvi'd~d and stored' mo~ti.Y de'ep' f~ozen:' ,,' Sub:­

samples' ~~recii~t~ib~ted to":65 pro:.ticipant~ i~ lOES member count;.i~~ •.. : ,
,', ' . . '. ,', . ~ . ..' '/.... ..'. .- \ :'. ~ '; .. .' '.

Twenty-eight sets of results had been received by July 1977. The range

of v~i~e~" ;~p~'rted f;~ '~~~t ~e~i~'wa~: l~rg~ ~d co~fficie~t~"of' ~ia­
tion ~~;e betwe~n18''~d: 201%.' .The: ~iy~i~'of ·~admi.~, lead ~d; Iri~k~l"
sh~Wed.~e;g;~at~~t~iabiiitY b~t th~ manga.nes~ ~d"~in~' data sh~wed "" .

.:...... i~\: ~ .. ~.,.~: ;." ~). '" ~.~ ""',~.:','..~'., , ' '. ". .' . '..., \. '.t. ., .• ' :.:

less variation than the remainder. A group of institutes was selected

on the basis of their manganese analysis and i t' ~as sho~ that' thei~.­
coefficient cf '~ari~ti~n'rar mo~t metals w~s bett~r ~ th~ '~up' ~·s a

whole. 11.. full report on this exercise together with the results of 'other

phases of the programme will be published in the ICES Coo:pera.tiv~ R~se~~h
Report Series. Further programmes of intercalibration are proposed.:.: .... ~

" .
, , '.

niTRODUCTION

During 1975 the ICES Working Group on Pollution Baseline o.nd 110mtor­

ing Studies in the Oslo Commission and ~ ICNAF .a.reas appoint'ed a sub-group ;.

on Contamino.nt Levels ~. Sea: 'Water t~~' e~;mln~ \~~~.~~~).~~~~r.~~.r~i~t:i:~~·.' ':
to the monitoring of trace metals and their analYSis.·':ThisY·sUb...;.gXoup·· '.

proposed aseries of intercalibration exercises (ICES, 1975>":~dthe '. ,. '
'.';;' ," " ..- _- ,.~ ~ ~ ..

first wo phases examined trace metal standard' solutions .and .mercury in .
, • I' " ." '., '':'''' •

sea water~' Reports' on these 'projects' have been 'mads' by ·Joni1s. (1976)and .

61afsson (1976) respectively. .The: third phase of :this se~~es' i~y~iyes:' '...

the intercalibration of oeawater samples for a variety of metals and' .
r: = .

this report presents preliminary data oJ;l this project. . .
• • ' "::.' .;.: f "
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METHOD$, ,.,.; .,~;- ;>:
.;',',:!, nkin:g Janu.ary 1917: sampIes ;of surface Bea water. were collected in :,'

thri\;cht~al :p~t of"Üie :s~uthem North Sea (51 0 44'11 020 23'E: SampIe A)

and closer inshore off the Netherlands coast (52003'N 04004'E: Sampie B).
Tbe water was tiiter~d: '~~~ '0 ~45'~~::,J.~11ipore, membr~~~'w1ihin: ~', ;f~!"" ;,"

I. • . " '." _ • '. • _ _ .~ ~

hours of collection and each sampIe was bulked. Several 1 litre aliquots,
. " • ", ,.L

ware placed in acid-wtlshed polyethylene bottles and immediatelY de~p ',,',
:.:,,;' . ..:.t~ t. ~"~"~~ \.: .:: .", \, ; _ ". ; ..... !.~ "':', ", " ': '.' .. : .. , .:: ~ ',~ :,!:~:. . ..... ;

frozen; In 'addition,' some'samples'were run into bottles provided by ,

participating institutes and stored as requested.
~ .. '. 1'* • 't

I-iost sampleo were distributed to participants deep frozen surrounded. ...',. . ". . :.."" ',. ' ", . , . " . .. . , ~ , '..
by' drY 'l~~ 'in '~anded;' p'oly~tYr~ne' ,"6~hthin~rs':: :The ~jo'~i tY' Of: cori'sign-

ment~' d'~sp~t6h~dto '~'~erseas; i~u;ti'hJ:t~s~~r~ BEmt' by' ~'r f;Z;~'ight.! ' ~.":",,

mos,t in;s:t~h~s,:thi~ 'sy'stem worked"weii> A' Sh1pp1ng. ~genf'wcis '8.p;ointed':'­

tri·~ th~ U~ited:~~~~ to" ci6:oit'di~ te ;'the' tr~spo~ta:tio~ ~d': th~' reci:Pi~nt :

was' ~ierted:'~' ~d~ce" in 'orde'r; to 'e:xp'~ait~:~iistoms ci~ar~ce.' Tbe'

m.ajority'of;~abpie~:we~~ 'ho io~ger ~. 4'8; ho~s' i~' ti~~1 t. ' .. ':

lli' aciditioh t~ tl;e' s'ea w~t~;, '~on~entrated' ~l'Ü":~leme~t standar({ "

solüÜo~s w'~;e 's~rit: 'tb '~~ch':pro;ti~ipimt ~~ '~' c~ntinu:ation' ~f-th:~fi;Bt' '~'"

p~~~' cf th~ int~rc~lib~ü'oh (Jo~es, '1976). - ~Jists 'we;e"r~'que~t~ci itb~'
•• ~" ,"~:" '" : ~:, :_,{ '.~.~ ~'.' .... ,,' ; ••.•. .,.' ., .... ,t '"" ... ~',~''',h. '.... ~:. . .,,' .. : '" . .' •..:r:.~

use these standards,in addition to their own when determining the metal
cont~~t ofth~'~'se~i;{t~~ ~~ples~" " ': 'I,

S~pl~s';h~Y~:'b~,~~ ai'~t~ibut~d'~6"tile 'fo'ii~~i~'i~stitutes:'"
!,' :~ <' . ~'.. I : t ". "t ;.

Belgium.
'" :' t' ;" ,", • ~ ". .. .

~ee Universi ty of Brussols'
','" ~. :.' " .~ ,: ';.' :: ".::~. ;-,. ' ... ;,', .;.. , ..
Canada , :.. .. , •. . ~;"'. ,: '... . J' \., :. •Bedford Inatitute of Oceanography, Dartmouth
Department of the Environment, Victoria

~ " ". ,-

Denmark, -'. ,,~, ~

, I

Danish$chool of~ Pha:rmacy,Copenhagen, , . ,;" ,1\,

InatitUte"öf Plant Ecology, Universitiof CopeIlhagen
Superfos 'Research Laborator;y"Vedbaek' "'.. ,,'.:, ','
Water Q;tul.li~,Institute" Hprsholm.,," ,':

'I' •: ..
1 ", • ";. • • '... ' ~'f :",':

, , '

Federal"Republ1c' of Germa.n.y" ' "

DeutscheS HydrOgmphisches' Institut, Hamburg' ',' ,;:
Gesellschaft !Ur Kemenergieverwertung in Schiffbau und Schiffahi-t ii '

"Geesthacht " ' ", ' , " ",' '
Institut !Ur 1'1eereskUnde an der 'Universi ta.t, Kiel'-' -.. " " "

, .'. " ~ ,; .

"
.!:'

Finland " .; ", ,; , :-, . :,' - " :';.'~'

Institute of }~ine Rese~ch,'H~isiDki
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France

Centre National pour llExploitation des Oc~ans, Brest (To distribute
15 sets of samples)

Institut Scientifique et Technique des Peches Maritimes, Nantes

Gennan Democratic· Republic ' '

Insti tut. !Ur M€ereskunde, vlarnernUnde

Greenland

Geological Survey, Greenland

Iceland

Hafrannsoknastofnunin, Reykjavik

Netherlands

Instituut voor Bodemvruchtbaarheid, Baren
Nederlands Instituut voor Onderzoek der Zee, Texel
Rijksinstituut .voor Zuivering Afvalwater, LelYstad
TNO Central Laboratorium, Delft

. . ~. '

NOZ1TaY

Central, Institute for Industrial Research, Blindem
Department of Chemistry, University of Oslo
mstitute'for Marine Bioloe;y arid Limnology, University of Oalo

Poland

Odqzial ,:Horsk~ :urJGl'l, ~dynia

Portugal.

Instituto do Ambiente e Poluicao AquAtiea, Lisbon

Republic of Ireland

Departmemt of Agricul~~ and Fisheries, Dublin

]!

Clyde, Eiver Purification Board, East Kilbride
Departmentof 'Agriculture and Fisheries for Scotland, Aberdeen
Department of· Oceanography, University of Liverpool
Depa:r:tment of Oceanography, Universi ty of Southampton
Imperial College of Seienee and Teehnology, University of Lendon
Ministry of Agrieulture, Fisheries and Food, Lowestoft
Southern 'vater Authority, Brighton
Southern' Water Autho:r1 ty, 'Vlinchester
Thames 'VTater Authority, Lendon
University College of,Swansea
lfessex \Tater' Authori ty, Poole

USA

California Institute of Teehnology , '.,
Environmental ProtectionA.{sency, Narragansett
Ira-:Darling Centre, ' Universi ty of 11aine
Marine Seience Centre,University of Conneeticut
National Marine' Fisheries Service', Milford
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USA (continued)

New England Aquarium, Boston. "
NOU', AOl'lL, Miami
Soripps Institute ofOoeanography,: • "
Skidaway InsUtUte of Oceanography, University of Georgia
Southern Califomia Coastal Vater Research Project, EI Segundo
University of Delaware " .

,,'
University of Washington
US Environmental Protection Ägency, Edison

., ... '

USSR-
DepartI::le::lt of the BaItic SC3. Institute, Tallinn

RESULTS

B.Y late July 1977 results had been reoeived from 28 of the, 65'parti~'

cipants. A detailed ana~y~is ~f the '~~a ~ill~6t,be made until more,' •

results have been received.' However,the, results submitted so far are'

preoented in Tables 1 and 2.' The" par~ic~~~tihg 'la~ora.tories 'are' anony-· "

mous and code numbers were allocated in chronological order of receivi~,:~

the replics. Tne ata.tistical' ana.ly~i~ of the,re~ts.at the foot of

each table has been ealeulated u~ing on1;': results above' detection li.Ilii.ts , .

but eobal t ~~ '~e~cury~'have' b~en' onti.;t~d; owing' to the "small sampIe' numbe~.

\-Tith the c:x:ception of iron, the inshore sampIe B shows higher mean. .
metal levels tha."1 the offnhore sampIe A. The variation' in mean' concen';'

tration bet'....cen thc two samples is an order of magnitude for manganese ...

but much less for thc othermetals.

Immediately ap~arent is the ver,y high coefficient of variation for
.. ' ....

most of the metals, extending'llP to 200% ~o~ lead, in sampIe, 'B. For

sampIe A the coeffieient of variation inereases in the order Zn ~ Cu -+ '. '.

Fe ....; IIJ'n -;. Cr -;. Cd. -;. Pb -) Ni. For sampIe B the order is Mn -;. Zn -;. Fe-v
. "

Cr -+ Cu -;. Cd -;. lU -;. Pb. Thus;' for both, sample's, nickel,' lead and: cadmium

show the wor~e"~gre60ent~,:Th~?: 'P'~sit~Oh cf, th~ othe;' metals vari~'ss~me-:,' ;.

what between caeh se-t, alth6~ zine shows arelativeiy. 'low' ,coefficient
of variati;h! in::b6th'·iri~ttin~:es.;,:, ' . ,'. . .,' ,"... '. "

..' .

The lowest eoefficient of variation (18%)' was' for mangarlese in ;,

sampIe B. A eomparison with other met~ls' cannot ~trictiy be __mad~ sinc'e

r!ot all the participants measured each element." A 'staÜstical analysis

has, howeve:!:', been !lade using only the data of those partieipants who

reported mang-anese values above detection limits for sampIe B (Table ,3).,
In addition to cobalt and mercury, ehromium has also been ex~luded oWlng'

, " . .., .. "

to the srnall nU:lber of reported values. Wit~ ~e· exception of i~n where

the data ,:ore eommon to both sets, c6effi~ieht~,of va~iation for eaeh ..
4
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, metal were markedlY lower tlWn those listed in Tables 1 and 2. The value

for manganese in sample B,' however, remained the lowest ofthe 'set. One'

ma:y thus infer that the laboratories' in this limited group were able to

achievo a closor degree of uniformity thanthe participants' as a whole•.

Six subsa.mples from each of samples A and B were analysed during '"

Hay by the Fisheries Radiobiological Laboratory at Lowestoft. Coeffi-'

clents 'of variation on each set: of replicates ranged between 9 and 24%

for the' metals .Cd, Cu,. Ni and Zn.' Thus' the wide vai'iability reported

throughout ,the group would notseem attributable to sa.mple inhoI:logeneity

and, as would beexpected,- ;i'greater degree of 'precisioncan be achieved "

onreplicate'analyses by one laboratory using a 'single method.

The analytical methods used'in thisexereise eover a wide range of

techniques. A statistical treatment of the data:inrelationto the .

methodology will be made when more data are available.

Several partieipants, 'in addition to receiving frozen samples in

standard polyethylene bottles, provided theirown bottle with speeific

methods of sample storage.; All data from this part of the exercisc are

now availableand the results are,givenin Table4. ,;Any differenee

betwecn thc analysis on -thc standard' (I-!APF) sample and the sample from

the partieipants own' bottle (p) may ,result from eontam1nation and/or

ehanges during 'storage in the amount of metal , available for analysis."

The results in'Table 4, however~' are inconelusive sinee there are too

many variablefactors coupled with insuffieient replication. '

. The multi-element standard solutions distributed to participants

weresimilar 'tothose Used for the first'phase of the exereise. They

contaihed CO','Fe, Ni, Pb"Cd, Or, ,Cu, Hn and Zn in concentrations ranging

between 193 and 261 mg 1-1 • Coefficients of, variation reportcd on, the

results of thefirstexercise:(Jones, 1916)wer.e'a.n order of niagnitude

lower than those recordedduring the'prescnt phase.' Thus'it will pro­

bably bc diffieult to isolate nnyfeatures 'specifically'assoeiated with

the use of· the atandard aolutiona ,,,ithin, the present cxercise. Noreover,':

some partieipants who used clectro-chemical methods' of analysis experien­

eed difficulty wi th the multi-element standards owiIlG to interferenee

between one element and another. Details of the results obtained using

these otandards will be givon, in the final report.

DISCUSSION

The range of values reportod for most of the metals are dioturbingly

largo and are similarto thoae of a much earlier'interealibration

5



eoordinated by Brewer and Speneer (1910). However, partieipation in the. . .' . .

present exercise was open to all institutes.of ICES member eountries and

some laboratoricsare relatively new to theanalysis of sea water. It is

perhaps significant that,there were seven established marine institutes
, ,

within thc.cight laboratorien whose data showed eloser agreement than the

grOU}? as awhole, (Table 3).
,The use of a eommon ,standard metal solution for ealibrationpurposes"

in such an exercisewouldseem to have some advantages. However, for

reasons already given, a multi-element standard now seems undcoir~ble ~~d

should, perhap~, ,be replaced by several single-element solutions.

The system of. dis tributing, deep frozen sampIes by air freight proved

very satisfactory and cculd furm the basis of nny future exercise of a, .

similar nature. ,The appointment of an agent to eoordinate air transit

is highlY recommended.

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

by a suffieient marginto evaluate the capabili ty of an insti tU.te to mea- ,

sure. the metal eontent of .'oeeanie' water eompared wi th hiehly polluted

water. Also in most instaneesthere was not a suffieient amount cf

sampIe to permit replieation of analyses. The sub-group on Ccnt~nant

Levels in Sea Water,has thereforeproposed afourth exercise (leES, 1911).

Frozen oeawater sampIes will be distributed in suffieient quanti~ to

allow replicate analyses and some waterwill be enriched "Ti th meta:!. in, .
order to assess analYses at high concentration levels. Subsequcllt exer-,

eises will probably involve closely controlled tests ir. which mcthods of. '

water collection and storage are compared using a single research vessol. ,

Tho results of the interealibration programme to date, which ",ill

include the tests of standards, the mercury exercise and thc above frozen,"

seawater projeet together perhaps wi th an earlier exereiso bet'feen

Belgiun, lJetherlands and the Uni ted Kingdom (Duinker,. Elskens ar,ni Jones,

1915),,,rill pe presented inthe ICES Cooperative Research Report Serics.'

In addition, an abbreviated version will probably be, published in a

journal of wider distribution.

6
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Table 1 The analysis of sampIe A (~g 1-1)

--
Institute and method Co Fe Ni Pb Cd' er " Cu .' Mn Zn Hg

-- - ....
. ..

;
..

1. AA (2) A 4.1 0.20 0;45 1.5 8.6
EC 6.2 '.

"

2. AA (1) A (Mn*) <1.0 <2.5 <0.5 0.03 < 0.5 <0.5 <10 5~6

3. AA (1) A 0.2 2.3 0.6 0.8 0.3 0'-4 0.6 0.4 4.8

4. EC (Hg AA (3)) 0.18 0.09 1.22 4.72 38.6

5. AA (2) A <0.5 <1.0 <1.0 <0.5 <0.1 '. <10 0.4 <20 6.5

6. EC 5.6 0.6 <1.0 22.2

7. AA (2) A (Zn (1) A) 0.37 0.07 0.5 5.5 0.15

8. EC 0.315 0.047 0.49 3.59

9. AA (2) 13 .0.36

10. AA (1) A (Cd, Pb Mn (2) A) 3.0 0.51 0.09 0.6 < 0.06 9.9
EC pli 8.1 0.18 0.11 0.4 4.7
EC pli 1.85 2.0 0.10 0.8

11. AA (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

13. AA (1) A <0.1 2.0 0.05 . 2.3 0.5 6.0

14. AA (2) 13 (Ni, Pb and Zn (1) 13) <0.4 <0.8 <0.8 0.13 <0.2 0.7 5.5

15. AA (1) A <5 5 <0.5 <0.5

16. EC 0.09 0.10 0.99 4.8 1

e ,.





Table, 2 The analysis of sample B (~g 1-1)

Institute and method Co Fe :Ni Pb Cd Cr Cu Mn Zn Hg
--

1. A}.. (2) A 1.2 0.12 0.17 0.63 " 9.8, 7.6
EC 7.7

2. AA (1) A (Mn*) <1.0 <2.5 <0.5 0.14 0.5 0.7 <10 15.2

3. AA (1) A . 0.4 4·0 1".2 0.6 0.2 ,0.3 1.0 9.8, 9·8

4. Ee (Hg AA (3) 0.32 0.11 0.90, 7.92 27.5

5. AA (2) A <0.5 <1.0 1.8 <0.5 <0.1 <10 0.8 <20 10.5

6. EC 5.0 0.3 <1.0 6.6

7. AA (2) A (Zn (1) A) 0.09 0.11 1.2 11.8 0.07

8. EC 0.205 0.080 0.83 3.78

9. AA (2) B 0.54

10. AA (1) A (Cd, Pb Mn (2) A) 2.6 0.51 0.13 0.6 10.6 10.5
, BC pR 8.1 0.26 0.12 ,0.3 4.65

EC pH '1 ~85 2.2 0.09 0.9

11. AA (2) A 2.2 1.0 0.10 , 0.5 13.8.-
, EC 1.1 0·09 8,

12. EC 0.42 0.087 0.89
'..

13. AA (1) A 0.9 0.5 0.15 3.3 0.8 10.0

t1~·'.AA (2)--~ (:Ni;' Pb andZn (1) B) <0'.4 . <O~8 ' <0.8 0.09 '<0.2 9'.8 10;4

15'; AA (?)'A <5'" " 16 " <5 ,. ,., ..' <5 _..- .. -...

16. Ee 0.11 0.09 1.10 11.0 ~

e
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Table 2 (cant)
.,

Institute and method Co Fe Ni ·Pb ·Cd " ..
Cr Cu Mn Zn Hg

17. EC 0.11 0.23 1.4

18. A.A (2) C 1.7 0~20 1.1 7.4, 11 ..

19. A.A (ü A 1.2 <0.4 0.10 0.6 9.0
,
(

20. PE 1.9 1:2 0.5~ 14

21. A.A (2) B 0.11 0.103 0.6

22 • .AA (2) D 0.15 1.80 0.72 0.80 0.078 : 0.46 9.6 . 7.8

23. A.A (2) A 0.13 5.8 0.69 0;57 0.11 11.6 13.8

24. AA (?) B <1 0.2 0.8 13.3

25. AA (?) A 1.1 0.11 0.29 15

26. All. (2) C 0.66

27. AA (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 1.61 1·59 2.80 0.40 1.26 1.63 : 1.84 5.10

V10 58 176 201 160 119 151 ·18 47

Key: A.A :: Atomic abs~rption A = Organic extraction
EC ::: Elect~ochemistry B ::: Ion exchange resin
PE :: Plasma emission C Direct injecti~n

(1) :: Flame D :: Coprecipitation
(2) :: furnace * :: Colorimetric
(3) :: Cold vapour



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

SampIe A

Fe Ni Pb Cd Cu Mn Zrl

X ~g 1-1 3.51 0.55 0.56 0.16 0.62 0.99 7·80

S 2.48 0.22 0'.27 0.08 0.16 0·75 2;.97
I

v% 71 40 48 50 26 76 38~
!

SampIe B

Fe Ni Pb Cd Cu Mn Zn

- -1 2·76 0·90 0.51 0.19 0.71 10.30 10.13X ~g 1

S 1.61 0.24 0.29 0.16 0.25 1.84, 2.10

V% 58 27 57 84 35 18 21

, .
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