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PROGr.ESS PO . 3 

INTERCALITIRA OF LYTI TiID

N INE ENVIRONHENTAL SAMPLES 

nternation aboratory of Mar activit

incipality of onaco 

Jun 1976 

Trace ment surements  Oyst Hmr.ogenate (1-tP�-:_ -1) 

Duri h ast fi years several ercalibration exercises of

nuclide surements on rn'arine environmental samples have e

by t Monaco Laboratory. Under the financial support of UNEP a new programme 

of intercalibration in trace element analysis of marine environmental samples 

was started in 1975. As a first step, in the framework of this new programme, 

an intercalibration exercise on an oyster homogenate MA-M-1 was carried out 

during the period of 1975-1976. 

Approximately 2000 kg gross weight of oysters were collected irL the 

vicinity of Sete, France, the soft parts (140 kg) were digsectcd and freeze­

dried, powdered, sieved and homogenized. After testing the homogeneity, the 

sample was divided and packed into glass bottles of 30 g-capacity and these 

'W'ere sent·to 113 laboratories. To date the results of 67 laboratories have 

been received. A list of the laboratories participating in the present 

intercalibration exercise is given as an Annex, 

l. Results reported

Although the deterrr.ination, detection or attenpts at detection were Yl!.'.lde

for more than 50 elements, only the results reported on 14 selected trace 

elements, Cr, }(.n," Fe, Co, Ni, Cu, Zn, As, Se, As, Cd, Sb, Hg and Pb are 

compiled in Tables 1, 2 and 3. Table 1 includes the results of Cr, Y.:.n, Fe, 

Co, Ni, Table 2 those of Cu, Zn, As, Se, Ag, and Table 3 those of Cd, Sb, Hg 

and Pb. In each table abbreviated descriptions of the analytical methods used 

are also given. Although the results of 67 laboratories have been received to 

date, the results of only 60 laboratories had beer. compiled in this preliminary 

report. In compiling the data the following procedures were adopted: 

a) All values given in Tables 1, 2 and 3 were taken from the original

reports of the participants with as little change us possible;

significant figures of the values given in the tables are identical

to those of the data reported by the participants.

ng
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b) In 1.:.ase!: ·uhC"ro th-:- d-1;.n. 'h-� "t"'C'"T:'r.n1·.,,. t>PP.n renorrod -on the fre:ezc­

dried weight basi3, these were non::alized to those> based on the oven­

dried weigJ:lt at 105-1 l0 ° C, using a factor measured at Monaco

illll!lediately before the dispatch.

c) In cases vherc laboratories ha(� not given l.!�oratory averages for

their individual measurements. arithmetical averages of the

individual data were calculated and presented in the tables.

d) The associated errors of the measurements vere reported eit})er in

ab�olute values or in percentages. The percent �rrors are given

in parentheses in the tables.

e) In cases when� laboratory avcrases were calculated at Honaco,

associated errors for these averag1::s were computed on the basis of

the errors given for individual data when two or three data had

b�cn reported for one element; where four er more data were

available for calculating the .1vcragc, stnr.dard errors were comoutcd

from the individual data reported.

Although the compilation of results were made only on the 14 selected 

clements, res•.Jlts were reported on m.:.ny other clenencs. T:1c concentrations 

or pre!:t:.nce of the following additioniil 29 elements uerc reported at least 

by one laboratory: 

Li, B, F, Na ) ?ig, Al, Si, S, Cl, K, Ca, Sc, Ti, V, Br; Rb, Sr, �lo, 

Sn, I, Cs s Ba, La, Cc, Sm, W, Au, Th, l:. 

The following clements .;ere reported as "not c.etectcd" or 2.s less t!-ian 

the limits of d�termir.ation for the methods employed: 

Be, Ga, Ge, Zr, In, Eu, Tb, Lu, Hf, Ta, Bi. 

The -::.ompilation of the rcsul ts reported for those clements, �ot gh·cn in 

the present report, �ill be presented later. 

2. Summ�ry of the data

T:1blcs 4, 5 and 6 r.ho'IJ ranges and preliminary ovE:rall aver.:gE.:s of the

results reported by the 60 ltiboratories. In ordLr to reject outlying data, 

Chauvenet' s and Di.x0n I s tests were ecployed. Th.i? 2vera.ge values ob t2.incd 

£or the dz:t� 2!.cc2pt.::d by thc.sc statistical tests 2.r12 nlso pres.::ntcd in Tabl2s 

4, 5 and 6. 

As ccn �e 52e� from these tables, the ran�es of reported values are 

extremely wide for scne cl�ments; the r:1r..x1.IDum to r.iinic:rum val'..lea: ratios ap!1roa.ch 

1000 for !fu and Sb 3�d 2000 for Fe, Zn, As and Ac, Nevertheless, the deErce 

of scatter of the d�t:1, indic:;.ted by p.:rcc:1t3.ge st�'.:idard errors assoc in ted 
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with the overall avcraecs 1s not E:xccasiv'ely loree for the D2jority of the 

elements listed. If an arbitrary value of 107. standard error is chosen as 

a measure for less scattered data, the measurements of the elements J-!n, Fe, 

Cu, Zn, As, Se, Ag and Cd fall into tbc less-than-JO% category. If we 

consider 507. standard error as a lower limit of the high degree of scatter, 

the measurements of Cr and Sb exceed this linit. The degree of scatter for 

the measurements of Co, Ni, Hg and Pb is considered as ccdiUI:J (standard 

errors bctveen 10 and 50k). Similar trends arc observed for th� standard 

errors of the avcra3e values computed after rejecting outlyin£ data by 

applying Chauvenet's or Dixon's test, although the scatter of the data was 

considerably reduced by such rejection. There was a. tend.ency for Chauvenct' s 

test to reject more values than Dixon's. In any cas�, these observations 

suggest that the avcraee valu�s obtained after rejectir.g outlying values for 

the 8 elements in the less-chan-107.-standard-error category m�ntioned above 

can be regar<led as the "consensus values" in tbe present intcrcal ibra tion. 

It is re.'.lsonablc to consider that t�cse 11co11s.:nsus values" closely approach 

the actual concentrations of Mn, Fe, Cu, Zn, As, 8£, Ag and Cd in the present 

sai-nple. For the rcMaini::lg 6 el�'Tilents, Cr, Co, Ni, Sb, P.g and Ph, the corres­

pondiug average values should not be considered as the "consensus values" 

without reservation, due to the wider scatter of the data reported. Considering 

the difficulties involved in Pb analyses as �ell as the avoidance of 

cont&1ination during analysis, any average value presented in Table 6 -for Po 

should not be regarded in any sense as representative. 

3. Analytical methods used

In Tiblcs I, 2 and 3 only abbreviated descriptions of the analytical metho<lf

adopted by the pa:rticipating laboratories are given. These shov only the type 

of analytical methods used but do not indicate the variety of the procedures 

involved in each type of analytical method, i.e., atomic absorption spectro­

photometry, neutron activation .analysis, etc. A detailed survey of analytical 

m12thods -..ith a view to correlating ar.alytical procedures with t�e quality 9f 

the data obtained is in progress and the result of this survey will b E: availabl.: 

in the future. As a first step for corr.?.lating ,malytical methods used t.rith the 

data reportec!, the results obtaine:c. by atornic absor?tion spectrometry (AAS) are 

compared \.rith thosE: obtaine:,d by neutron activation ar.alysis (!u,A) in Table 7 for 

9 s2lected elements, Cr, 11n, Fe, Cc, Cu, Zn, Ag, Cd and Hg. ThQ number of 

reported results �as iosufficic�t to apply this cooparison to other trace elements. 

Disregarding differences in detailed procedures existing among individual 

lahoratorics which used the SaLlE: method, averai:;cs of the results obtained by each 



technisquc .:er(, ("..,lc.,l.,tcd ofter r�jcctinp_ nut.lyin:•. d:'ltA by 11rplyint: Ch.'l11vc>n.:-t's

test. As can b� seen in TRblc 7, the a8rccmunt hctw�cn th2 avcreges nbt3ined 

for /J\S .:ind NI.ti. is eood for 6 clements, l!n; Fe, Cu, Zn, /,g ,md Cd, all of vhich 

could be assigned "consensus values". This shows that both Mf. and NAA give 

nimilerly reliable results for these clements at the concentreticn levels in 

the present sample. For the r�'l!laininc clements, Cr, Co and Hg, it is r�asonable 

to assume that the nvcra�c v.ilucs fnr rAA arc closer to the actunl conccmtro tions, 

consid�ri 11� the fact that the AAS technique tends to ?roduce systematically 

hi3her results for these elements. 

The code number of your labor8tory is 
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TABLE 1 RESULTS OF Cr, 1-ln, Fe, Co A}.'J) Ni i&S!JRtlD!TS ON OYSTER SAb�LE ?.i.A-lf:-1 

Method 

NA.A 
N.AA 

IDMS 
AAS 
FLM 

liA.A 

NA.A 

• 
BY DIFFERENT LA.BORA.TORIES (

f€
/g-dry ma.tter a.t 105-110 C)

Cr 

0.094 z( 28'%) 

75 + 6

Fe 

311 + 11 
270 :!: 14 

0.21:t,;(40,;) 

Co 

0.29 + 0.011 
0.321 :!: 0.003 <15 

N.D.

Ni 

N.D.

A.A.S-ESM 75.8 300 6.69 

ESM 2.06 <3 
A.AS 68 = 3 220 ± 13 
SP.r. 

ASV 

AAS 4.36 ::(50',Z) 63.4 ::( 2aJ.,) 244 ;:(20%) 

NA.A 

NAA 0.304 :t.; 0.05 281.8 : 38., 0.44 + o.06a
NAA(chem) 68.2 :!: 1.5 
NAA(inst) o.86 294.1 0.43 
AAS N.Il. 78 + l.60 360 z 17 .82 5.7 .:: o. 77 6.9 .± 0.95 

-

NAA <2 58 :!: 3 320 :!: 30 0.37 + 0.04 <20

XRF 42.9 z:( lCP/o) 243 :t< 10",k) 
A.AS 2.0 :!:(10%) 1.7 z(lO",-') 
XRF <5 80 :;( 20fo) 290 :t,:(20%) <2 <5 
NA.A 0.44 :!: 0.24 �-55 300 + 8o 0.33 :!: 0.03 
ASV 

* 

XE$1 0.0207 0.0870 
AAS 1.1 + 0.2 5�-5 + 1.2 312 + 12 1.45 ! 0.4 2.35 :!: 0.4 

Relative value : Ratio to Zn ooncentration. 

N.D. : Net detected or not determined due to too low concentration.
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TABLll: 1 (continued) 

C.ode i
Method Cr r;o: l 

21 AAS 74 ::< 0.2"),) 
22 NAA 

23 AAS 

24 AAS L6 :tC l<Y;) 75 ;:( 10�) 

N.AA 0.43 :4:(25%) 75 :< 101�) 

ESM 110 
25 NAA 

26 AAS 

27 Im' 45 + 18
28 NAA 71 ;:(7%)
29 NA.A. 64 :!: 3
JO NAA 70 ! 3

31 NAA 1.77 :::(20.5%) 
-.--.

• ->- AAS 1.23 ::( 10-;) 67 .2 ;t( 10';) 
32 AAS ., ..

I I + l
3.3 XRF 71.J :!: 2.9

SSMS 

34 NAA 0.842 :: 0.032 34.7 :!: 3.6 
.35 AAS 0.346 :!: 0.027 

NA.A 

36 AAS 2.52 :::< 7. 7%) 76.2 ::(0.55%) 
37 AAS 66,03 
38 Nil 

39 NA.A 

40 NAA 1.12 ( ,-.; ) :!: o,,, 74.77 :::< 6%) '

41 AAS 26.4 (, /) :!: ... CC_p, 

42 AAS 

43 .AAS 55.98 :: 4.45 
44 NAA( ohern) 0.65 :: 0.36 

NAA( inst )�6 81 = 9 
45 A.t..S 

Fe 

308 ::Co. Sri&)

438 ;:( lCr,k) 

.305 .:t< 15%) 
510 

117 + l2

348 _::(5%) 
315 :: 75 

308 :: 5 
308 + 12

31 7 . 3 ! '.32 . 3 
312 + 6.6
453 + 8

254 ::( 0. 99-t) 
290.3 

.314.10-_!( 6%,) 

310 = 40 
440 :: 50

58 

c. Ui 

1.7 ;:( lCF,/4) 
0-39 .:!:(le%,)

0 . .32 ;:(5%)
3.7 ! 0.5 

0.53 ;t( lCo/o) 

4.7 ! 0.3 

Pre�ent P:-e-c,en-t 

0.72 + 0.0,¼ 4.17 :!: 0.05 

0.568 ! 0.013 

0.266 :;(lT.731�) 3.41 :::( 1.55%) 

o .346 :C 6%)

4.26 + 0.18
0.41 :!: 0.04 
o.66 + 0.14 

1.18 :(20%) 

<0,2 

N .Il. Not detected •r �ot determined due t4 too low concentration. 
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TfJ3LE l ( 9Qntinued) 

Code: 
J.1ethod Cr Mn Fe 

Ho. 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

AAS 

AAS 

NA.A 

AAS 

AAS 

ASV 

SS?tlS 

AAS 

AAS 

AJ.S 

AAS 

AAS 

AAS 

AAS 

NAA 

AAS 

AAS 

ASV 

ESM 

ru.; 

IDMS 

NAA 

NM (chem) 

NAA (inst) 

SPM 

SS.15 

Xl!."Sl,1 

XRF 

0.55 :-C42 .�;) 283.5 ::(3.79"/4) 0.37 
75 .36 344.2 

lAl.4 + 0.09 76 :!: 3 270 + 20

7 :( l0-30'fo) 62 :!:( 10,.,3a,;) 390 :!:( 10 ... 30:;) 

75 :!;(10•3�) 

<lO 70 390 
1.57 
1.0 

35 .4 :!:( 9 .6%) 

l.l + 0.41
2.7 + 1.3 475 

Ltomio Absorption Spectrophotometry 

Anodic Stripping Voltam.�etry 

J!llli.ssiori Speotrometry 

Fluo»imetry 

Isotope Dilution )lass Spectrometry 

Neutron Activation AnalJ,•sis 

NA.A with radiochemical separati"n 

Instrumental NJ.J. 

Spectrophotometry 

Spark Source ��s Spectrometry 

X-Ra;y Dnission Speotrtmletry

X-Ra;y Fluorescence Spectrometry 

.! 85

0.38 

0.53 

N.D. Not detected or not determined due to too low �•noentration. 

Co Ni 

z(3.56i) 

:!: 0.03 3.3 :!: 0.4 

22 

4.9 .:!: 0.39 

+ 0.09 N.D.
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TJ.l3LB 2 IU.SULTS OF Ca, 7,41 As• Se ,UID A� �!EAroRll.rF::IT.S llN OYSTJi'J1 S!J:PT Ji; ru.-11-1 

BY DIFFERDlT L/Jl0RATORIES (
;ue

/g-<l.ry matter a.t 105-110 
" 

C)

Code 
)lathed Cu _ Zn As Se �-

l NAA 2900 + 40 1.87 .:!: 0.049 + 
-

2 NAA 2650 + 30 11.4 :!: 2.3 2.82 + 0.18 6.55 + 0.12 
3 IDlli$ 

4 AAS 333 2634 5.23 
FLM 1.90 

5 NAA 2.8 :!;(14%) 0.016 ;:(49'fo) 0 .0058:(31%) 

6 NAA 336 + 7 1734 .:!: 190 
7 AAS-ll!SM .326 2630 9.58 0.075 7.82 

ESI-i ... 

8 .A.AS 310 + 10 2900 + 200
SFM 9.0 .:!: 0.3 

9 ASV 261.o ::(l(Y/4)
10 AAS 316 :,:( 15%) 2998 ::< 15%) 2.43 .:!;(le,%) 

11 NAA 
12 NA.A 320 :!: 16.45 2654 + 

-
169.8 o.38 :!: 0.132 9.98 + 1.28

13 NAA(chem) 331 + 6 2950 + 75 12,3 :!: 0.3 2.26 + 0.08

NAA(imrt) 2746 2.37 5.74 
14 A.AS 384 :!: 14.60 3036 :t 122 .,36 6.8 + 0.20 
15 NAA 30CO ! 400 15 + 2 2.0 + 0.2 <5

16 XRF 243 :.< 1{1fo) 2278 ::< 101/b) 
17 .AAS 201 :<��) 2930 :(2%) 6.o ::< 3��)

XRF 350 :(10';) 2860 ;t{ le%) 8 ::( 2{1fo) 
NAA )JCC 3060 ! 300 2.6 + a.a 5.7 + 1.0 

18 ASV 350 +(5%) 
- ..19 XESM. 0.1086 

20 AAS 245 + 3 2900 + 30 

Relative value : Ratio to Zn concentration.

N.D. : Not detected or not determined due to too low cencentration.
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TABU: 2 (continued) 

iode
o. 

21 
22 

23 
24 

25 

26 

27 
28 
29 

30 

31 

32 
3.3 

34 
35 

36 
37 
38 
39 
40 

41 
42 
43 
44 

45 

11ethod Cu in As Se 

AAS 325 :!:�4%) 2910 z( 2. 7%) 
Nil 

AAS 354 :!: 14 3002 :: 31 
AAS 360 z(S;k) 2810 :t( 10%) 
NAA 313 :!:( l�/4) 3020 j;:( 10"/4) 12 =.( 10";) 
ESM : . 430 
NAA 44.59 26.23 2.79 

AAS 326 :!:(9%) 3060 :!;(15%) \ -

XRF 130 :!: 14 1535 .:t 153 
NA.A 2430 :!:(3%) 2.4 :!:(11%)
MAA 2500 :!: 300 6.4 :!: 0.5 2.60 + 0.08 

-

NAA 251 :!: 13 2730 + 98 11.6 + 0.21 2.36 :!: 0.25

Nil 27o6,43,:t(lc)%) u.34 z(.38%) N.D.
ilS 307,91:!:(10%) 2286,4 :t(lc,%) 
AAS 352 + 4 2970 + 30
XRF 410 :!: 14 2953 + 88

SSMS Pre�nt 

NAA 224,5:!: 9.7 2617 +
-

37.5 0.49 ! 0.056 
ilS 333 + 4 3073 :!: 131
Nil 4478 + 97 2 •. ,U :!: 0 .. 04 

AAS 359 :tC o .55�)2833 z(o.35%) 
ilS .326.5 2705 
NAA 254 :!:(5,15%) 9.32 ;:(5,3%) 
NAA 

NA.A. 356,4::(6%) 2772 .2 z:( 6%) 11.64 :!:(6%) 1.s, • :!:< 6%)

ilS 319-°!(2�) 2861 :tC 1�)
AAS 330 + 10 2500 + 100
AAS 

NAA(ohem) 400 + 80 2700 ! 300 13 + 2 2.2 + 0.2 

NAA(inst) 3000 + 200 13 + z

AAS 55.5 5400 

N.D. Not detected or not determined due to too low •oAne�tration. 

5.6 :!:(lo%)
7.0 z(10%} 
7.7 

1.6 :!:(20%) 
4.2 ± 0.3 

5.68 ;t( lCl",k) 

..... 3 
7 ,27 :!: 0.33 

7.38 + 0.10 

4.46 :!:(10. �)-

5.61 ;t(6%) 

7,3 + o.8
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TABLE 2 (continued) 

�de'.. 
1,0. 

46 

47 

48 
49 
50 

51 

52 

53 

54 
55 

56 
57 
58 
59 
60 

NA.A 

�IAA 

Method Cu Zn As Se 

AAS 2686 ;t(5-3%) 
AAS 

NAA 

AAS 291. 7 2989 ... 

-

AAS 340 "i- 20 3240 + 70

ASV 269 + 4 2790 + 90

SSJ,iS 295 ;t( 10 ... 30'/4)2150 • '!.( l0,...3C%) 5 1:(10...,30jb) �0.5
AAS 290 1700 9.8 

AAS 204 ;t(14%) 3190 ;t( 14%) 
A.AS 335 2863 

AAS 324.8 :(1.9%) 2617 :,!:( 1.2%) 

AAS 381 :,!:(3.1%) 2703 -:.,(1.4%) 
A.AS 

AAS 351 + 2.6 3132 :: 21.53 

NAA 190 :: 57 260 + 4 0.93:: 0.55 t-9:;t 0.95

AAS 

AAS Atemic AbeGrption Spectr•phetemetry 

ASV Anodic Stripping Voltammetry 

ESM Emiesion Spectrometry 

FU1 Fluorimetry 

!])MS Is•t•pe Dilution Ma.as Spec-trcmetry 

Nil Neutr•n Activation A.nalysie 

(ehem) ml! with radioohemioal separa. ti <>l'-

(inst) Instrumental NAA 

SF'..4 . . Spectr•photemetry 

SS»1S Spark Souroe Mass SpectrQmetry 

XE.3M X-Ra.y Thiiesion Spectrometry

XRF «-Ray Fluorescence Spectrometry 

N,D. Not detected or not determined due to too low concentration, 

Ag 

5.4 

:<1.2 
--..;;c 

4.7 :+: o.6 



Code 
No. 

.l 

2 

3 

4 

5 

6 

·t

8 

9 
10 

ll 

12 

13 

14 
15 

16 

17 

18 

19 

20 
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TABLE 3 RESULTS OF Cd., Sb, Hg A!ID Pb �SURll!ENTS ON OYSTER SAll.PLE :t-lA-?,1-1 

BY DIFFEREl.�T LtJ30Rl..TORIES (/IJJ!./g-dry matter a.t 105-�10 ° C) 

.Uethod Cd Sb Pb 

NA.A 0.052 :!: 0 •. 009 0.26 :!: 0.027 

NAA <0.021 <0.24 

D>MS 1.26- 1.51 

AAS, 2.33 N.D.

FLM 

NAA 

NAA 

AAS-ESl,I 1.86 0.108 0.94 

ESK 

AAS 3.1 + o.8 0.16 :!: 0.005 

SPM 

ASV 2.36 :f-10%) 

AAS 1.87 ;t(25%) 0.77 .:-(1�) 

NAA o.82 ;t(10%)
NAA 2.40 :!: 0.377 0.19 + o.06 

NAA(chem) 

NAA(inst) 0.030 

AAS 3.7 + 0.18 12. 7 :!: 1.03

.Nil <0-9 

XRF -

AAS 0.4 ;!:(2�) 0.30 :( ��) 0.2 :;(20/4) 

J:RF <2 <3 

NJ.A 0.30 + 0.08 1.6 + o.6

ASV 2.26 ;t(l.4%) 2.4 ;!:(3.1%) 

llSM 0.0117 

AAS 2.3 + 0.12 0.61 :!: 0.04 6.7 :!: 0.7 

Relative va.lue : Ratio to Zn concentration. 

N.D. : Not detected or not determined due to io� low concentration.



Code 
Ne. 

21 
22 

23 

24 

25 

26 
27 
28 
29 

.... 
.)·., 

31 

32 
33 

34 

35 

36 

37 
38 

39 
40. 

41 

42 

43 
44 

45 

TABLE 3 (continued) 

iie_thod 

AAS 

NAA 

AAS 

A.AS 
NA.A 
ES?,1 

NAA 

AAS 

XRF 
NA.A 
MA.A 

NAJ\ 

NAA 

.A.AS 

AAS 

XRF 

SSI,tS 

NAA 
AAS 

NAA 

AAS 

AAS 

Nil 

NAA 

Nil 

AAS 

AAS 

AAS 

NAA(c.hem) 

UAA(inst) 

AAS 

Cd 

3.36 ! 0.13 
2.7 ;t(l0%) 

3.3 :(3%) 

2.33 :! 0.07 

.., l 

2. l2 :< 0 • 7l'i')

L 82 :( 8.45%) 

2 .45 ::(5%) 
< 4.68 +(6i) ....... -

o.82 :;(10%)
2.5 + 0.1
1.19 :.!: 0.03
1.9 :!: 0.3

- 12 -

Sb 

0.169 :t< 7 .4%) 
0.166 :(6%) 
0.212 :!: 0.014 
0.16 :(le%) 

0.013 

0.265 -:,(9'/o) 

0.142 ! 0.007 

N .j). 

0.135°!(10%) 

Present 

15.60 ! 1.5

0.113 ,::(9-45%) 

0 .040 ::( 7%) O .154 �7;) 

0.21 + 0.01 

0.11 ! 0.04 0.18 :: Q.04 

N.l). Not detected or not determined. due to to" lew concentration. 

Pb 

1.67 z: 0.16 
0.32 :,t(2�) 

2.1 :(43%) 
6 ! 5

4 .. 01 ;:(lo%,) 

...,3 

2.74 + 0.18 

1.41 !(7 .6%) 

4.7 :(2c%) 
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TABLE 3 ( continued) 

Code 
Method 

No. 
Cd Sb Hg Pb 

46 AAS 

47 AAS 1.94 ! 0.05 

48 NAA 

49 AAS 2 .10 0.2.33 1.10 

50 A.AS 2.5 + 0.2 0.154 ±: 0.003 0.61 = 0.04 

ASV 1.8 + 0.1 0.170 :!: 0.010 3.0 + 0.2 

51 SSMS �0.15 . �0.085 �0.07 �1.5 

52 AAS 3.4 0.90 <20 

53 AAS 2.1 ;t(16%) 0.17 _:(4%) 

54 AAS 2.67 0.16 1.22 

55 AAS <0.2 o.5�c ;:( <li) N .. D. 

56 AAS 4.4 :!:(3.6%) 0.329 :!:(6.1%) 1.6 z(1.2%) 
57 AAS 0.33 :tC4-54%) 
58 AAS 3.3 + 0.17 O. 3.35 .! 0.027 5.7 + 0.22 

59 NAA :tr .D. 

60 AAS 0.218 

N.D. : Nat detected or •ot determined due to to• low .oneentration.

AAS Atomic Absorption Spectrophatometry 

ASV Anodic Stripping Voltammetry 

ESM ]mission Spectrometry 

FLM Fluorimetry 

IDMS Isotop• Dilution 1-la:ss Spectrometry 

NAA Neutron Activation Analysis 

NAA ( chem) NAA with radiochemical separation 

Nil (inst) Instrumental Nil 

SPM . Speotroph�tometry .

SSl,1$ Spark Source Mass Spectrometry 

.XESM X-� llznission Spectrometry

XRF X-Ray Fluoreaoence Spectrometry
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TABL.D 4 PRl!.'LD1INA.RY OV'J!!RALL AVERAQ;.;S .AND A V'".aiA,G'.i,;;S AFT� Cl!AUVL"IBT AND DIXON I S 

TESTS FOR THI;; RESULTS ID:;PORT'.tl:D FOR Cr, Mn, Fe, C<i AND Ni MEASURD'iENTS 

ON OYSTER SAMPLE MA-2'1-l 

Element Cr 

* i 24•f Reported Results ! 
Range Reported io.304 - 75

C
jUo

/g-dry) I 
-

Overall Avera.go 

(;U€/g-dry) 

Cbauvenet's Test 

No •. •f Results 

a.oeepted by the test I 

Ave�e 

. ( �7 g--d.ry) 

Di.:on's Test 

No. ef Reaul ts 

accepted by the
-

Average 

(;ug/g-dry) 

i
I 

test i 

5 ! 3 

(6�) 

21 

1.2 + 0.2

(l'l';l) 

21 

1.2 + 0.2 

(17%) 

1,1n 

33 

0.094 - 110 

Fe 

39 

0.21 - 510 

66 :!: 4 300 ! 20 

(6.1%) (6.-r,(,) 

27 

7l + 2 

(2.8',l) 

31 

30 

304 :!: 7 

(2.3%) 

39 

300 + 20 

( 6. 7%) 

Co 

22 

0.29 - 5.7 

1.0 :t: 0.3

(.30%) 

18 

0.43 :t: 0.03

(6 -�M 

22 

1.0 :!: 0.3

( 30i;) 

Results showing enly detection limits of methods used are not included. 
*'* 

The standard deviations gi vsn are l '14 for mea.."l ( standard error). 

Ni 

12 

l.18 - 22

11 

3-7 + o.6
-

(1.7%) 

11 
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T.Al3LE 5 PRELL�NARY OVERALL J.Vl!llAGES AND AVEaAaES AFTER CRAUVENET AND DIXON'S 
T'.8STS FOR THI: RESULTS llliPORTlJ} FOR Cu., Zn, As, Se AND Ag lf.EASUR»1ENTS 

ON OYST'.J:R WlPLE MA-M-l 

..::lement Ou in As Se 

No, of Reported R6sults *! L5 56 19 18 

Ag 

24 
Range Reported 

( 1;:/g-dry)
i 55.5 - 430 2.8 - 5400 0.016 - 26.23 0.075- 3.9 0.005&- 9.98 

2630 .:!: 120 5.6 .:!: 0.5 Ovel'a.ll Average 310:: �o 10 + 1 2.1 + 0.2 

(;ug/g�yy) ( :,.2%) (4.6%} ( 10'/4) (9.5%} ( 8.9%) 

Chauvenet'� Test

No. o! Results 
43 46 16 14 23 

ancepted by the test !
¼-«-

317 .:!:. 8 2820 .:!: 30 10.5 ! 0.7 2.32 .:!: 0.09 5.8 :: 0.4 Average

(�/g-<i,y) (2 .;%) (1.1%) ( 6. 7%) (3.91.,) ( 6. 9%) 

Dixon ' s Test 

No. ef Results 
44 55 18 18 24 

accepted. by the test

2600 + 100 2.1 + 0.2 5.6 .:!: 0.5 Average 313 .:!: 9 � ·'- + ii).:,! 

(�/g,-<l.ry) 
-

{2.�) (.3.&;) ( ll'j,) (9.5%) ( 8.9%) 

Results showing only deteeticn limits of methods used a.re not i�eluded. 

H- Th.e etandard deviations given i.re 1 c,- for mean ( standard error). 
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TABLE 6 PP.ELL�INARY OVERALL AVERAGES AND AVERAGE� AFTER CHAUVE�T AND DIXON'S 

TESTS FOR TIIE RESULTS REPORTED FOR Cd, Sb, Hg and Pb ?1EASl.i'1'..EME:t,,'TS ON 

OYSTER. S/J-1PLE ?-<.A-t1- l 

Element 

l'b. of Reported Results:; 

Range Reported 
(µg/g-dr)') 

Overall Average:;:; 

(µg/g-dry) 

CQauvenet's Test 

No. of Results accepted 
by the test 

Average:;:: 

(µg/g-dry) 

Dixon I s Test 

No. of Results accepted 
by the test 

Average!::; 
(µg/ g-dry) 

Cd 

30 

0.4-4.4 

2.3;t0.2 

(S-. 7%) 

30 

2�3+o.2 
(8. 7%) 

30 

2.3+0.2 
(8. 7-Z) 

Sb Hg Pb 

8 29 23 

0.013-15.60 o. 108-1. 6 0.2-12.7 

2::2 0.32::0.06 3.2!0.6 

( I 00%) (19�) ( 197.) 

5 24 22 

0.05+0.02 o. 20:;0.02 2.7+0.5
(40%) (10%) (19%) 

7 28 22 

0. 1 H·O. 04 0.28:0,04 2.7::0.5 
(36%) (14%) (19%) 

... -� 
Results showing only dete�tion limits of methods used are not included. 

"-�"''" 

····The standard deviations given are l cr for mean (standard en:o-r).



TABLE 7 

Element 

Cr 

Mn 

Co 

Zn 

Hg 
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COMPARISONS OF THE REPOR'mD �SULTS OBTAINED BY ATOMIC 

ABSORPTION SPECTROPHOTOMETRY (AAS) wrm 'IHOSE OBTA.IlTED 

BY N.ElJTRON ACTIVATION ANALYSIS (NAA) 

No. of Results No. •f Results in Average in 
Method 

Reported Chauvenet's � Chauvenet's Range 

C f!/�)

AAS 11 10 1.4 + 0.2
-

NAA 10· 8 0.7 + 0.1

AAS 16 15 70 + 2

MAA 11 9 71 + 

AAS 16 • 13 300 + 10

NAA 17 12 302 + 5

AAS 5 5 2.4 + l.l

NAA 17 16 0.44 + 0.03

AAS 27 23 334 + 

N.AA 10 10 300 + 20

AAS 28 25 2890 ,! 40

NAA 21 21 2500 ,:300 

AAS 8 7 5.9 + 0.4

NAA 14 11 6.1 + 0.3

AAS 22 22 2.5 + 0.2
-

NAA 5 5 2.2 + 0.1

AAS 19 16 0.21 + 0.02

!1.AA 8 5 0.15 + 0.01 
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A?P.-lliX LIST OF PARTICIPATIUG 1.JJ30HJ..TORI.t:S 

(A) Labcrateriee which reported the results

Belgium 

Institut Royal dea Sciences NatU?ellea 
de Belgique 

Bruxelles 

Universitaire Instelling Antwerpen 
Wilrijk 

Canada 

University of British ColumQia 
Department of Geological Sciences 
Vancouver, B.C. 

Nutrition Reeearob Divisien

Food Research Lab�ratorie� 
Ottawa, Ontari • 

Beak Conoo.ltants Limited 
Department of Chemistry 
Mississauga, Ontario

Denmark 

Research Establishment Riso 
Isotope Divisien 
Roskilde 

The Danish Ie•tope Center 
Copenhagen 

Finland 

Institute of Marine Rest=ait.ch 
Helsinki 

France 

Inetitut Soientifique et Technique 
des Peches Maritimes 

Nantes 

Departement de Chimie Appliquee 
Centre d 1 Etudos Nuoleai.res de Grenoble 
Grenoble 

Laboratoire d'Ooeanographie Physique 
Villefranche sur mer 

Laboraµe Municipal de Bcweau.x 
Bordeaux 

Centre d'Etude3 Nuoleai.res de Saclay 
Gif :,ur Yvette 

Investigator 

E, Peeters 
M.A. Ca.etia.u.x
D. Sohuykens

R. Van Grieken
F, Adams
H. Nullens

K. Fletcher

13.G. Shah

R.S. Szawiola 

K. Heydorn
R. Gwc,zdz

K.O. Jensen 

F. Keroleff
R. Lehtio

C. Alzieu
Y. Thibaurl

R. Bourguillot
C•rnu

P, Colll'au

}�. Romeo 

11. Fauge:i,e
. .  Hooquellet

s. l,i2._y

N. Lefol



France (continued) 
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Laboraweire de Radi•a.ctivite de l'Air 
Oraay 

Laborataire de ·spectrographie de l'ORSTOM 
B•ndy 

German.y 

Bundeaforaohungsanstalt !Ur Fieherei 
Hamburg 

Institut fUr Medizin, KFA 
Jlilich 

Bu.ndesanstalt ffu> Gewaaserk:unde 
Koblenz 

Greece 

Nuclear Reeearch Center "Demokritos" 
Athens 

General Chemical State Laboratories 
Diviaion i'><f Research 
Athens 

Institute •f Ocean�graphi• and Fishi11g Re�earch 
Athens 

Iadia 

Institute of Scieice 
Bombay 

Bhabha Atomic Research Center 
Health Physics Division 
Bombay 

Israel 

Israel Oceassgraphio & jlj.:Lnnological Research Ltd. 
Haifa 

Italy 

Centro di Rcidiochimica e Analisi per Attivazione 
Pavia 

Jaoan 

The University o:f Tok;}'• 
Department of Agricultural Chemistry 
Tokyo 

National Institute •f Radiolegical Scienoe5 
Chiba-ishi 

Investi�ator 

J.C. Philippot

J-.i. Pinta 

U. Harms

K. Kasperek

K. Klein
H. Bergmann

A • P. Grima.ni s 
C. Papa.dopouleu
M. Draina

D.G. Marketos
P. Kavrikos

A. Stephani.dis
F. Voutsinou

B.C. Ht.2.ldar
Z.R. Turel

V.K.Panday
M. Parmeswaran
S.J. Rant

O.H. Oren 

E. Orvini
P. Borroni

x. Fuwa
Y. Dokiya

l-l • Izawa 
T. Ueda
R. Nakamura
Y. Suzu..k:i



Jaoan (continued) 
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Drug Research Institute of Kan�awa 
Prefectural Pha:vma.ceutival Aaeooiation 

Y ok•hama-shi 

Radiation Center of Osaka Prefecture 
Osaka 

Japan Environment and Hygiene Center 
Kawasaka-shi 

National Institute for Environmental Studie� 
Diviaien. of Chemist�y and Physics 
Tsukuba 

Sagami Chemical Center of Research 
S�amihara-::1hi 

University ef Nairobi

Chemi�try Department 
Nairobi 

Netherlands 

Interuniveraitair Rea�tor l•stituut 
Delft 

Reactor Cent� Nederland

Patten 

Government Dairy Station 
Leiden 

Nerwa..y 

Department of Chemistry 
University of· Oslo

:Blindern,. Osl• 3 

Pakistan 

?o.kistan Institute of JfoQlear Science & TechnoloKf 
Rawalpindi 

Portus:al 

Laboratorio de Fisica e Engenha.rid Nucleares 
Sa.cavern 

Inveetigater 

S. Kanne
M. Tachikawa
K , Takahashi

T, J,lamure 

K. Oikawa

K. Okameta

• K. Sugawara
n. Arnbe
K. Shimizu

S.O. Wandiga 
F. Aydd

J.P.W. H•utman 
• J.J.�. de Goeij

J.G. van Raaph•rst
D. Bo:r,gell
H. Haremaker

\-1 .G. de Ruig 
A.W. Hoff 
J.J. v� Oostrom 

W. Lund
P. Sagberg

I.H. Qureshi

M. Angela Gouveia



S•uth Africa 

Depa.rtme�t •f Induei;ries 
Sea Fisheries Branch 
Cape Town 

- 21 -

National Institute fer Hater Reosarch 
Congella 

Isotopes and Radiation Division 
Atomic Energy Bea.rd 
Pretoria 

Sweden 

Department of Clinical Biochemistry 
Royal Veterinary College 
Stockholm 

Paleontologiska Institutionen 
Uppsala 

Aktiebolaget At•menergi 
Studsvik 
Nykoping 

Sri t zer land 

Eidg. Institut f'tir Realctorforsohung 
WUrenlingen 

Uni tea Kingdom 

West of Seotland Health Boards 
Dept. of Clinical Physics & Bio-Engineering 
Glasgow 

V..i.nistry of Agrioul ture, Fisheries and Food 
Fisheries Rad.iebiologioal Laboratory 
Lowestoft 

Institute of Ma.rine Biochemistry 
Aberdeen 

Institute for Marine Environmental Research 
PlYJlOUth 

Freshwater Fisheries Laboratory 
Pi tlochry 

Ministry of AgriC'lul ture, Fisheries and Food 
Fisheries Laboratory 
Burnham-on-Crouch 

Marine Biological Station 
Port Erin, Isle of Man 

Im�erial Chemical Industries 
Bri.xham Laboratory 
Bri:xh.am 

_I_nvestigat•r 

!i.O. Feurie 
T.J. Blamire 

W.D. Turner

D. van As
M. Franok
\·I. Gaum
c.J.I. Vleggaar

L. Ekman
M. Palm

U. Stu.reason

H. Toveda.l

A. \tlyttenbach
M • .Baj•

I.M. Dale
J . .D. Cross

J .W.R. Dutto:e. 
C.W. Baker

P.T. Grant 
T.L. Coombs
A. Walker

E.r. Hamilton
J.J. Cleary

J .i,:. Pol"tma.nn 
J. Yardley

IJ.J. Slinn 
J.F. Eastham 

D. Ta,ylor
G.R. Eales



United Kingdom (n,m+.i.n11P-d) 
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Environmental and I.iAIH.ne.l :.�:i-"'.n<'.�l"I J'l.i. vj Ai rm

! ERE - Harwell

Imperial Cellege •f Science and Technelogy 
Department of Geology, Royal Sch•ol of Nine� 
Applied Geochemistry Research Group 
London 

United States of America 

Scripps Institution ef Oceanography 
La Jella 

United States Environmental Prot·ectien Agency 
Analytical Chemistry Branch 
Research Triangle Park 

Battelle - Pacifie Nort.hwest Laboratories 
Radiological Sciences Department 
Richland 

University of· Washington 
College of Fisheries 
Seattle 

Physics 

Rioe University 
Houston 

Duke University Marine Laboratory 
Beau.fort 

Stewart Laboratoriea, Inc. 
Knoxville· 

Yugoslavia 

Faculty of :Natural Science and Technology 
The "Jozef Stefan" Institute 
Ljubljana 

University of Ri jeka 
Physics Department 
Rijeka 

International Atomic Energy: Agency 

Seibersdorf Laboratory 

Menace Laboratory 

Jnvcstigator 

II.I. Shalgoclcy
D. Gibbo)Js
D.R. Williame

I. 'Ihornton
C.R. Eoyd"n

T.J. Chow 

J.P. Lambert 

L.A. Rancitelli

A.H. Seymeur 
W.R. Schell 
D. Meixner

V. Valkovic
T. Za.bel

P .J. Whaling 

L. Kosta

A. Ljubioic
V. Peca.r
D. Rendic

c. Susohny

R. Fukai
B. Oregiani.
L. Hu,_vnh Ngo"
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(B) Laboratories which declined to repert

Australia 

Division •f Mineral Chemistry 
Melb•urne 

Canada 

Health Protection Branch 
Dept. •f National Health a.ad Welfa,yie 
Ottawa 

lDnvirenmeT.tal Health Center 
Ottawa 

Fruce 

Centre Oceanologique de Bretagne 
Brest 

Laboratoire J.hmicipal de Rouen 
Reuen 

L�borateire de Sedimentologie sous..:.marine 
Perpigna.n 

Ce:atre d'Etudes Nuclea.ires de Cad.arache 
Saint Paul-lez-Du:bance 

Italy 

Comitato Naziona.le per l'Energia Nucleare 
Impiant• Eurex 
Sa.luggia 

}Ial&aia 

Fiehe�ies Researoh I�stitute 
Glugor, Penang

Netherlands 

Laboratory for Chemioal Analysis of Food 
Natio�al Institute of Public Health 
Bilthoven 

Farmaoeutish Instituut 
Sint Genesius Rode

Norwa.,y 

Central Institute fer In�ustrial Research 
Oslo 

Inveetigator 

E.S. Pilkinghn 

D.C. Kirkpatriok

A. Zdr,. jewski

l-�. Cha.ussepied

l,!. Flaugnatti 

?.�. Monaco 

M. Neuilly

H. Dwerschak

L.P. Chong

P.L. Schuller

!.!. Smeyers-Verbeke 

S. Melsom
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Snain 

Institute de Inveetiga.ciones Peequeras 
Cadiz 

Sweden 

Nati•nal Envir•�ent Pretection Board 
Department �f Environmental Hygiene 
Steckholm 

United States ef America 

Rad.ielogical Sciences Lab•ratory 
New York State Department of Health 
AlbaJIY 

U.S. Environmental Pl-atection Agency 
Instrumental Analysis Seotion 
Las Vegas 

Environmental 'I'Tace Substances 
University •f l-lisaouri 
Columbia 

(C) Laboratories which did not .sendo.Ltne results (30 April 1976)

Belrium 

Studiecent-rum Kernenergie SCK/CEN 
Mol 

Canad.a. 

Barringer Resea:-ch Limited 
Re;a:l.ale 

Germa.r...y 

Bund.esanstalt fur Materialp?uefung 
Berlin 

Greece 

Nuclear Research Center 11Demok:ritos 11 

Atl:i.ens 

Aristc_telian University of Thessaloniki 
Laboratory of Analytical Chemistry 
ThessalQniki 

Ind.gnesia. 

Bandung Reactor Center 
"el Df_lJ lllg 

Investigator 

R. Establier

T. Stenstrem

J.M. Matuszek

D.R. Scott

J.R. V'ogt 

0. Van der Borght

D. Siloech
11.D. Silvester

C. Segebad.e

A. Katsanos

G. Vasilikiotis

H. Djojosubrah
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Italy 

Laboratorio per lo Studio 
Contaminazione Radioattiva del blare 

Fiascherino, La Spezia 

Laboratorio Rad.ioattivita Arnbientale 
CNEN - CSN della Casaccia 
Roma 

University •f Siena 
Ietituto di Anatemia Compa.rata 
Siena 

Japan 

National Institute of Public Health 
Tokyo 

Norway 

University •f Oslo 
Institute of Marine Biol•gy and Limnology 

0 Osle 

Peru 

Institutt f•r Atomenergi 
Kjeller 

Institute Peruano de Energia Nuclear 
Lima 

Portugal 

Junta Naoional de Investigaoao Cientifioa 
e Technologioa 

Comissao Nacional do Ambiente 
Lisboa 

South Af:r,ica 

National Physical Research Laboratory 
Applied Spectroscopy Division 
Pretoria 

United Kingdc,m 

Paediatric Unit 
St. 1'lary' s Hospital Medi cal Se1ho el 
London 

Investigater 

1,1. Berliliard 

A. Cigna

A. Renzoni

Y. Kuzuhara

T. Andersen

M. Bonnevie,--Svendsen

The Directer 

J. Cabido de Ataide

R.J. Watling 

C .D. Strehlow 



United States ef America 

Ledoux and Compar..y 
Teaneck 

Reed C•llege 
Portland 
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I•stitute of Environmental �edicine 
New Y•rk University 
A.J. Lanza Researoh Labs. 
Tuxedo 

Ames Laboratory IB.DA 
Iowa State University 
Amee 

NuclGar Radiation Center 
Washington State University 
Pullman 

Battelle - Columbus Laberatories 
Celumbus 

Environmental Research Laboratory 
University ef Illinois 
Urbana 

New llork University !;iedioa.l Center 
Institute of Environmental Medicine 
Tuxedo 

Radiation Center 
Oregon State University 
Corvallis 

Puerto Rico Uuolear Center 
Mayaguez 

Argonne National Laboratory 
Argonne 

Woods Hole Oceanographic Institution 
Woods Hole 

Nuclear Services La.borat�ry 
North Car-lina State University 
Raleigh 

Investigat.r 

P. Blumberg

L.B. Chur�

V.A. Passel

R.H. Filby 

R.E. Heffelfinger 

P.K. Hopke 

T.J. !u1eip 

W. Lovelanii

J.R. Montgemery 

J. Sedlet

G. Thompson

J.N. Weaver 
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PROGRESS REPORT No. 15 

INTERCALIBRATION OF ANALYTICAL METHODS 

ON MARINE ENVIRONMENTAL SAMPLES 

International Laboratory of Marine Radioactivity, !AF 

Principality of Monaco 

June !977 

Preliminary Report on the tteasurements of Trace Elements in Sea Plant and 
Copepod Samples. 

In 1976 preparations of the·sea plant sample (SP-M-1) and the copepod 

sample (MA-A-I) for trace element measurements were completed. The homogeneity 

of these samples was found satisfactory" Using these samples the intercalibration 

exercises of trace element measurements were organized with support of UNEP. 

The sea plant sample (SP-M-1) was distributed to 98 laboratories and the 

copepod Sa.'Ilple (MA-A-1) to 89 laboratories. Some laboratories took part in the 

measurements of one or·the other of the samples, �bile 80 laboratories received 

both samples at the same time in the period of Dec. 1976 - May 1977. By June 1977, 

55 l.aboratories had already reported the results of their measurements. Since 

requests to participate in the present intercalibration exercise are still comng 

in, the present exercise is expected to continue for some time before its 

completion. This means that the report will be excessively delayed if we await 

the recovery of the results of the whole group. Since a sufficient number of the 

results have already been sent in, it is considered appropriate to prepare a 

preliminary report on the basis of the· results already at hand, especially for 

those who have already submitted results. In this way the participants will be 

able to judge the success of this intercalibration exercise, even though the 

compilation in the report is incomplete. A list of the 55 laboratories which 

submitted the results by 15 June 1977 is attached as the Annex. 

I • Results reported 

Although results from 55 laboratories were received by 15 June 1977, the 

compilation includes the data of only 52 laboratories. Despite the fact that 

the measurements of many elements were cade, only the results reporte·d on 14 

selected trace elements, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Ag, Cd, Sb, Hg 

and Pb have Leen compiled at present. Tables 1, 2 and 3 contain the results 

on tbe sea plant sample (SP-�1-1) and Tables 4, 5 and 6 those on the copepod 

sanple (MA-A- I). In the compilation the fol lowing procedures were adopted: 



2. 
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(a) All values given in the tables were taken from the original reports

of the participants with as little change as possible; significant

figures of the values given io the tables are identical to those of

the data repoTted by the participants.

(b) In cases where laboratories had not given laboratory averages for

their individual measurements, arithmetical averages of the

individual data were calculated and presented in the tables.

(c) The associated errors of the measurements were reported either in

absolute values or in percentages. The percent errors are given in

parentheses in the tables.

(d) In cases where laboratory averages were calculated at Monaco,

associated errors for these averages were computed on the basis of

the errors given for individual data when two or three data had been

given for one element; where four or more data were available for

calculating the average, standard errors were computed from the

individual data reported.

(e) In each table abbreviated descriptions of the analytical methods

used are also given. These show only the type of analytical methods

adopted, bu� do not indicate the variety of the procedures involved

in each type of analytical method. The abbreviations used are

indicated at the end of Table 6.

Preliminary suma.ry of the data 

In Table 7 the preliminary overall averages of the results reported from 

52 laboratories on the above-mentioned 14 selected trace elements in the SP-?�l 

and MA-A-I samples are given. It should be emphasized that the table was 

intended to show the scatter of reported results in the present intercalibration 

e_"<ercises, but not to indicate ,,probable concentrations 11 of .the trace elements in 

question in the samples. Since statistical criteria to reject outlying data were 

not applied, the overall averages do not, in any sense, represent the probable 

concentrations. It was observed, however, that the scatter of some ele�ents was 

less than that of the others. For example, standard errors of the overall averages 

of severnl elements are less than 10% while those of all others exceed JO%, some 

of which exceed 30%. 

the elements with less than 10% standard error: 

for SP-M-1 Cr, Mn, Fe, Ni, Cu, Zn, Se, Sb, Pb;

for HA-A-I Fe, As, Se; 

the elements with more than 30% standard error: 

for SP-M-1 Ag, Cd, Hg;

for MA-A-I Cr, Co, Cu, Zn, Ag, Sb, Hg, Pb. 
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These observations indicate that the performances of the analyses for 

specific elements are apparently quite dependent on the matrices of the samples. 

Even for the ele100nts with less than 10% standard error, the probable concen­

trations which will be estimated later may be different by a factor of as much 

as 2 for the overall averages presented in Table 7. 

The code number of your laboratory is 
----
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TABLE l RESULTS OF TR.!CE EI.El;!I!NT MEt,SUR!l:ENTS ON THE SEA ?LANT SAMPLE SP...M-1 

Code 
Method N'o. 

l AAS

2 AAS

3 AAS

4 FT 

5 AAS 

Nil 

7 AAS 

Not Partic. 

9 NAA 

10 ?l.AA 

XRF 

ll NAA 

12 AAS 

13 AAS 

l4 NA.A 
15 AAS 

16 AAS 

li Not Partic. 

18 AAS 

19 AAS 

20 NAA 

21 NAA 

22 Not Par-tic. 

23 AAS 

ESM 

SPM 

24 A.AS 
25 AAS 

26 NAA(inst) 

NAA(chem) 

27 AAS 

28 NA.A 
29 A.AS 

.30 A.AS 

(Cr, Mn, Fe, Co, Ni �/g-;iry :natter)

Cr 

5.96 :!: 0.18 
2.9 :<10%) 
1.4 ::< 6%) 

5.07 :!: 0.55 

7.9 + 2.8

3.34 ::!: 0.22 
ll.7

5.3 ::< 10%,) 

<5 
2.41 :Cr;;) 
2.52 ::!:(5%) 

4.0 :t 0.55 
4.3 :!: 0.44 
4.56 :!: 1.98 

1 :;( 30%) 

4.2 :t< a:;) 
4.2 :!: o. 7 

1.9 z:(15%) 
4.65 :i:( 12%) 

Mn 

54.5 :!: 0.7 

57.0 ± 1.9 

52.36 :t 0.91 

43.5 ::t< 7"/4) 
57.0 :t< 8%) 

63.4 + l.6

69 + 6
-

69.7 :!: 3.2 

41.1 

55.6 ::!: 2.9 
54.9 

64 ::< et/a)

50.2 ::!: 3.4 
53.9 � 3,24 

:(AAS) 

56 :!;(5%) 

73°24 z(l.O',k) 
100 :< 6%) 
58.5 + 2.1
64.1 : 1.53 

44.2 + 0.2

63.66 :i:(4'%) 

Fe Co 

1870 + 20 1.91 + 0.20 

1570 ::!: 27

1360 z( 15%) 2.2 :( 10%) 
0 .. 186 ::(15%) 

1890 ! 3.3.1
1760 :!: 90 2.10 + o.u

2220 ::!: 30 
1661 .:!: 91 1.54 ± 0.07 
1003.7 7,2 
1630 ;:(5%) 
1967 :!: 53 3.16 + 0.22
1860 
1950 :(4%) 

1967 + 20.0 5.8'7 :!: o. 89 
-

218o zl3l 3.7 :t 0.3 
1622 j:(1.61%) 1.98 -z(l.3%) 

l z:(30%)
1560 j:(2.5%) 

1750 :!:(3.7%) <2 
2080 : 64 2.04 .:!: 0.05 

1450 ! 50
1500 -:,( 15%) 1.1 ,:t( 15%) 

Ni 

11.2 + 0.62

16.45 ! o. 75 

19.1 z(5%)

17.6 + 1.8

23.6 + o.a

2.4.2 

23.8 

12 :(30%) 

12 ::t< 27%) 

20.4 + 0.2



T.A.BLE l (continued) 

Code Method Cr No. 

31 AAS 40.3 
32 AAS 

33 NAA 

.34 AAS 2.23 :(9.22%) 63.1 
35 59.25 
36 Not Pa.rtic. 

-

37 AAS 

38 NAA 

39 AAS 60 . .3 
40 XESM 

41 XRF 88 

42 NAA 4.7 ;:(15%)

43 N.AA 5 ;t( 20%) 62 

AAS 5.1 :;(5-l�) 65 
44 ESM 4.3 :-( 19%) 96.8 
45 AAS 3.5 :!:<°10%) 53 
46 AAS 

47 AAS 

48 AA:s 4.8o :!: 0.4 52 
49 ASV 

50 AAS 4.9 + 0.2 71.3 
51 AAS 

52 NAA 

- 31 -

Fe Co 

z(B.1%) 1357-4;:(26.2%) 4.0 z(16.1%) 18.l 

2230 
:t<o.14%) 1189 

l68o 

1503 
;t(4-8%) 1250 

1740 
+ 6 3334 

1900 

z(l�) 1875 
::(2%) 2050 
;:(9-6%) 
;:(5%) 2030 

+ 2 1735 

:t 0.9 2070 

;tC3%) 17.1 
:!;(1.06%) 1.09 ;t(B.85%) 25.0 

6.54 

j:(3. 73%) 
:tC5 °0%) 
;!:150 
,;t238 

z(11%) 2.1 ;t(ll%) 
:�;:(10%) 2.5 :t< 10%) 
::<2%) 2.2 ;t(5%) 

<4.0 
:!:(5%) 

:!: 35 

! 30

- -., 

3.77 + 0.02

41.4 

16-3
18.2
14.9 

21.2 

Ni 

;t(9.6%) 

,;t( 18%) 
:;(1.26%) 

z(5-lo%) 

;t(l.4-2'%) 
:< 10%) 

!: 0.5 
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TABLE 2 RF.SULTS OF 'm.ACE � �J..f:um:@TTS OU nm ::sJ!!A Pl.All'{' SAMPL6 gp-,:...1 

(Cu, Zn, As, Se, Ag �/g-,iry matter)

Code Xethod Cu Zn As Se � No. 

l AAS

2 AAS 11.8 :!: 0.4 60.3 j: 0.5 

3 AAS 11.2 :!: 0.25 53.7 :!: 1.38 

4 FT 

5 AAS 11.10 + 0.21 104.30 :!:19 
6 NAA 35 :t(l5%) 1.83 ::!;:(10%) 
7 A.AS 7.7 ;t(6%) 63.1 ·:(3'%) 
8 Not Partic. 

9 NAA. 11.2 :!: 0.3 52.1 ! 2.3 3.06 :!: o.06 0.21 + 0.01 
10 NA.A. <400 61.3 :!: 4.2 3.6 + 1.2 0.181: 0.055 0.46 :!: 0.05 

-

mi 15.9 + 1.1 69 .2 :!:' l.3 5.09 .:!: 0 • .31 <0.56 
ll NA.A. 55.3 + 2.6 0.17 :!: 0.03 
12 AAS ll.2 48.4 
13 A.AS 10 .3 z(S"i&) 67 .2 :(5%) 
14 NAA 15. 7 + 1.2 15 .6 + L,6
15 AAS 16.4 58 
16 AAS 15.5 ::(6%) 60 :(6%) 
17 Not Par-tic. 
18 AAS u.o 4.6 3.5 
19 AAS 13.7 + l.O 63.4 ;: 4.3 0.79 :!: 0.24 
20 NA.A 55.34 :!: 2. 77 0.20 ! 0.017 2.7 + 0.021

AAS 8.56 :!: 0.77 

21 Nil 58.7 :(1.6Cf%) 0.170 :(29.5%) 
22 Not Partic. 

23 AAS ll :!:(5%) 61 ;:(5�) 
ESM l ::< 30%)
SPM 

24 .AAS 12 .62 z(4.6%) 58.21 :!:(1.0',') 
25 AAS 43.0 :!;( 12%) 225 :(2.9%) 8.o ::(23%)
26 NAA(inat) 90 :!: 4 6.8 + 1.1 0.14 + 0.01 

NAA(chem) 11.0 ::!: 0.):8 5.87 :!: 0.537 
27 .A.AS 12.0 + 0.2 56 + 2.0 1.3 + 0.2 
28 HAA l2 :< 15%) 48 :(15%) 2.9 ;:(15%) 0.19 :;( 15%)
29 .AA3 13.10 z(14%) 76 .as z( 1.4%) 3.71 ;t(9%) 
30 AAS 8.5 :: 0.3 58 :!: 3 



- 33 -

TABLE 2 (continued) 

Code 
Method Cu Zn No. 

31 AAS 12.4 60.2 z:(l.7%)
32 AAS 9.3 z( 15%) 56.9 :t(4%) 
33 NAA 77.2 z:(4%) 
34 ilS 12.5 z(l.09%) 65.6 :t< 1. 76%)
35 l4.61 95.21 
36 Not Partic. 

37 AAS 

38 NAA 9.76 :t<5-33%) 52.6 ;!:(2.7.3%) 
39 AAS 67.3 z:(2 .2%) 
40 XESM 

41 XRF 23.3 :!: 4.9 96 + 12
42 NAA 59 :!;(lli)
43 NA.A 12 =.( 10%) 61 :t< 10%) 

AAS 16.9 :t<5%) 67 :tC5%) 
44 ES!! 13.2 :t(7.6%) 91.6 :!:(lo. 7%) 
45 Ail 11.8 ;:(5%) 68 ;t(5%) 

AAS 

47 AAS 9.0 ;!:(10%) 57.7 z(l�) 
48 AAS 11.4 + o.6 91 :!: 5 -

49 ASV 8.1 z(6%) 
50 AAS 14.8 :!: 0.5 73 + l

51 AA13 12 :!: 0.5 52 + 2

52 NAA 44.93 :!: 2.98 

As Se 

3.8 :!:< 10%) 

11 + l

2.38 :t 0.30 

l. 78 ;t( 2. 84%)

0.60 :!:(lo%) 

<4.0 

0.54 +(15%) •
-

1.05 :!: 0.1
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TABLE 3 RESULTS OF 'IRJ\CE fil..El,fil-TT ?f.EA.SlJRll.JEMTS ON 'IliE SEA PLANT SAMPLE SP-M-1 

(Cd, Sb , Hg, Pb �/ g-,iry ma. t ter)

Code Method Cd Sb Pb No. 

1 AAS 0.20 :!: 0.03 

2 AA.3 0.44 :!: 0.03 16.1 + o.6 

3 AAS 0.36 + 0.006 15.8 + 0.26 

4 FT 

5 AAS 0.18 ;t 0.05 

6 NAA 

7 AAS 0.39 :.< 7'/o) 10.5 :!:(6%) 
8 Not Par-tic. 

9 NAA 0.39 + 0.01 0.31 + 0.01 

10 NAA <3-7 0.40 + 0.01 0 .4,46 ;t O .021 

XRF 19.4 + o.8

11. NAA 0.527 :!: 0.071 0.36 :!: 0.05 

12 AAS 1.7 0.50 + 0.07 25 .5 
13 AAS 10.6 :!:(15%) 

14 NAA 

15 AAS 0.43 14 

16 AAS 0.505 ;t( 1%) 0.375 :(4%) 23.9 ;t(l.2%) 
17 Not Partic. 

18 AAS 0.56 0.07 16.8 

19 AAS o.88 + 0.08 0.275 :t 0.005 18.3 ! l.8

20 NAA 3.84 :!: 0.384 o.8o :!: 0.087

AAS 

21 NAA 0.620 _::(5.03%) 0.331 :(7 •J°i>) 

22 Not Partic. 

23 AAS 0.113 :< 10:-/4) 0.250 :t< �) 2 .ooo ±< 10%) 

]Si 

SPM 

24 AAS 0.43 ;t(4.6'%) 0.43 :t(O.�/o) 14.04 :;(3.0%) 

25 AAS 24 :(14%) (0.02 19 :(13%) 
26 NAA(inst) 0.87 + 0.18 0.56 :t 0.03 

NAA(chem) 0.95 :!: 0.050 0.55 
27 AAS 1.3 + 0.1 23.4 + 1.0

28 NAA 0.50 :< 15%) 0.49 ::< 15%) 5.6 :!:(15%) 
29 AAS 0.22 :t< 8%) 0.34 ,:(4%) 6.65 :( l�/4) 

30 AAS 0.5 + 0.1 0-38 + C.01 14 + 2
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TABLE 3 (continued) 

Code 
Me�hod Cd. Sb Hg Pb 

No. 

31 AAS ... 18.9 ;t(l2.9%) 
32 AAS 0.222 ::<14'%) - 0 • .351 ::(8%) 20.4 .:< 15%) 
33 NAA o. 714 .:< 7%)
34 AAS 0.95 ,:(3.48%) l.4.8 !(l.65%) 
35 
36 Not Partic. 

37 AAS 0.48 :!: 0.0.3 � 
38 NAA 0.28 ::(9.11%) 0.449 1(7.49%) 
39 AAS 0.331 z(l.5%) ... 
40 XESl{ 

41 XRF � 

42 N.AA. 0.64 :<12%) 
43 Nil o.6 .:< 15%) T" 

AAS l.ll :t(5-10%) 0.295 z:(5 ... 1�,k) 27.0 :tC5-l�) 
44 ESM <4.0 13.6 :t< l.2%) 
45 AAS 0 • .30 ::(25%) 0-30 ,:t(lo%) 3.5 z(.la'fr) 
46 AAS 

47 AAS 0.56 ;t(lo%) 0.16 ,:t( lO"fa) 5.8 ::< 10%)

48 AAS 2.80 :!:: 0.3 0.200 + 0.02 
-

13.8 ! 1.4
49 ASV 0.14 ;t(l7'/o) 10.1 ;:(14%) 
50 AAS 27.0 + o.6
51 AAS <0.2 0.24 + 0.01 <l 

52 NAA 0.159 :t 0.01.3 
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T.ABLE 4 RESULTS OF TRACE ELEI-11!:NT MEASUREMENTS ON 'IEE COP'EPOD WiPLE MA-A-1 

Code Method 
No. 

l AAS
'"' 
.:; A.AS

3 Not Partic. 

4 FT 

·5 AAS 
NAA 

7 Noi; Pari:io. 
8 AAS 

9 NAA 

10 NAA 
mi 

11 • NAA

12 AAS

13 Not ?artic. 

14 NA.A 

15 AAS 
16 Not Partic. 

17 AAS 
18 AAS 

19 Not Partic. 

20 NAA 

AAS 

21 NAA 

22 AAS 
23 Not Parol;ic. 
24 AAS 
25 Not Pa...-i;i c. 
26 Not Pa.rti c • 

27 .AAS 

28 NAA 

29 ilS 
30 AAS 

(er, Mn, Fe, Co, Ni �/g--<iry matter) 

Cr Mn 

4.63 .:!: 0.38 

0.92 :!: 0.09 2.61 :!: 0.17 

5.6 

o.82

2.68 + 0.02 
0.34 :!: 0.07 <30 

<J.2 3.7 + 1.0 

5.4 2.9 

0.83 ! 0.09 

·<5 2.8 

0.24 .:!: 0.036 

1.54 ::( 12,Z:/4) 
2.7 + 0.2

3.22 ::(6.2'%) 

2.6 + 0.2 
0.083 ::(25%) 

1.10 !(12%) 3.57 :(4%) 

73.9 

74 

48.9 

54.7 
56.4 

53.8 

134 

56 

66.8 

64.7 

82. 7

59.9 

55 
56 

Fe 

.:!: 2.7 

:(20%) 

! 3.7

:!: 3.1 

± 7.1 

:!: 3.5 

+ 8.8

:!: 4.2 

z(B.67%) 
.:!: 5.0 

! 5
z(l5%)

Co 

0.099:: 0.009 

0.086 + 0.006 
l.5

0.175 ! 0.014 

0.150 :(7.1%) 

0.041 z( is%) 

Ni 

1.37 :t 0.16 

1.49 

l.26 .:: 0.27
1.5 ± 0.5

4.3 

2.0 

3.0 .:!: 0.5 

2.2 + 0.2
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TABLE 4 (continued) 

Code Method Cr i1n Fe Co Ni 
No .• 

31 AAS 2.3 z(l8.z;,k) 51.3 ;t(l3,4%) N.D. l.8 :(29 • .3%)
32 AAS 

33 NAA 95.1 ,:t{21%) 0.141 z(5%)

.¼ AAS 0-38o :1;(34-4%) 3.20 =(2.94%) 90.2 :tC3-05%) o.09e z<l.4-00%) 3.00 ;t(B.33%}
-35 Not Partic.

36 ilS .L • ,:� � :> 1.42 ± 0 49.13 ! 1.58 
37 A.AS 

38 NA.A 51.2 ;t(6.2o%) 
39 AA.S <:10 44 :;(8.4%) 
40 XESM 170 :!: 90 .,.-
41 lRF 2.2 :!: 0.7 50.1 :.t 4.6 
42 NAA 

43 NAA

AAS 

44 Not Partic. 

45 AAS l 1.9 !(20%) 82 z(l5%) 1.2 :!:(15%) 
46 AAS 9.3 :;: 3.2 N.D.

47 AAS 

48 AAS 6.90 ! 0.5 2.2 + 0.2 54 + l 0.63 + 0.02 

49 Not Partic. 
50 AAS 4.5 + o.6 55 + 2

51 AAS 

52 NA.A � 
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TABLE 5 RESULTS OF TRACE EWil£'.NT MEA�TS ON 'nil: COPEPOD SAMPLE MA.-A-1 

(Cu, Zn, Aa, Se, Ag �/g-d.ry matter)

Code 
Method Cu Zn As Se 

No. 

l AAS

2 AAS 9.52 :t 0.08 185 + l

3 Not Par-tic. 

4 FT 

5 AAS 8.43 :t 0.65 246.77±25 
6 NAA 103 �63·_ 

7 Not Par1:ic. 

8 AAS 7.54 14-6 7.9 0.34 

9 NAA 6. 77 :t 0.12 144 ! 7 8.67 :!: 0.40 3.00 ! 0.14 
10 NAA <JOO 145 +12 10.2 :! 0.5 3.21 :!: 0.15 0.085 :! 0.012 

IRF 7.6 + o.6 158 ! 3 8.17 :!: 0.23 2.05 :!: 0 • .37 
ll NA.A 156.4 :! 3.1 3.03 ! 0.07 
12 .us 9.4 152.1 
13 Not Pa.r-tio. 

14 NA.A 8.47:; 0.69 162 :!: 7.5 
15 .A.AS 10.5 160 
16 Not Partic. 

17 AAS 10.4 155 :! 3 
18 AAS 7.3 13.4 7.0 
19 Not Partio. 

20 NAA 162.4:: 5.1 4.4 :!: 0.37 0.582 ,.. 0.0425 
.. 

AAS 

21 NA.A 176.5 ;:(0.45%) 7.69 z(l9.1&/4) 3.39 z(5.C%) 0.090 :;(23.�) 
22 AAS 7.52 :!: l.O 160.5 :;:10 ,...

23 Not Pa:-ti c. 

24 AAS 7.73 !(2.6%) 154-52::( 3. 77b)
25 Not Partic. 

26 Not Pa.Mic. 

27 A.AS 7.7 + 0.1 159 + 2.0 0.9 + 0.2 
28 NAA 6.4 1(15%) l28 :( 15%) 7.1 j:(15%) 3.3 ;:( 15%) 
29 AAS 8.33 ::( 14%) 186. 8 :< 14��) 2. 73 :(�fa)
30 ·A.A:3 4.9 + 0.2 171 + 2 
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TABLE 5 (continued) 

Code 
Method Cu Zn As Se No. J..g 

31 A.AS 7 .. 4 ::(11.1%) 151.2 :(5.9%) 

32 Al,S 8.64 ;:(21%) 134.25±( 4i) 

33 NAA 184 :t;(4%) 
34 AM3 8.48 ::(1.85%) 185 z:( 1.87%) 0.516 :< 8.47%) 

-35 Not Partic. 

36 AAS 7 .SfJ :!: 0.31 172.7 :!: 0 
37 AAS 

..... 
38 6.63 z:(2.58'%) 141 - j:(1.46%} NAA 
39 AA.S 163 :t(l,3%) 
40 XESM 130 :t50 2600 +200
41 XRF 7.1 + 1.1 169 + 3
42 NAA -

43 NAA 

AAS 

44 Not Partic. 

45 AAS 6.8 ::(25%) 169 ::!:;(3'%) 0.07 :t(30%) 
46 AAS 9.27 ;t 1.2 136.9 ;t 0.5 1.48 + o.6 

47 AAS 7.9 ::< 10%) 159 .4 ::< 10%) 
48 A.AS 6.0 :!: 0.3 175 +10 8.5 + o.8 0.26 :!: 0.03 

49 Not Partic. 

50 AAS 9.5 ::!:: 0.4 165 + 2
51 AAS 7.0 :!:. 0.5 140 ::!:: 5 
52 NA.A 1.30.5:: 7,5 11.02 2.55: o.06 
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Tt.l3LE 6 lLlSULTS OF TRACE EW-iENT MEt.SUmllENTS ON 'IBE COPEPOD SAMPLE MA-A-1 

(Cd. t Sb, Hg, Pb �/g-dry matter)

Code Method Cd Sb Hg Pb 
No. 

l AAS .. <0.05 

2 A.AS 0.678 :t 0.012 1.10 ! 0.14 

3 Not Partic. 

4 FT 

5 AAS 0.5 :!: 0.03 

6 NA.A 

7 Not Pa.rtic. 

8 AAS 0.84 <0.04 2.8 

9 NA.A 0.57 + 0.02 0.014 :!: 0.001 0.237,: 0.007 

10 NA.A <4-2 0.012 :!: 0.003 0.219 :!: 0.047 

XHF <1.8 

ll NAA 0.19 + 0.06 0.29 :!: 0.07 

l2 AAS 1.1 4.9 
13 Not Pa.rti c. 

14 NAA 

15 AAS 0.10 1.1 

16 Not Pa.rti c. 

17 AAS 0.60 + 0.01 

18 AAS 0.77 0.21 <l.O 

19 Not Partic. 

20 NAA 3.01 :!: 0.301 0.0347:!: 0.0038 

AAS 

21 NAA 0.188 :< 15 .9%) 0-357 :!:< 14.5%)
22 AAS 1.15 :!: 0.3 l.22::t0-7

23 Not Partic. 

24 AAS 0.63 ;:(27%) 0.30 :(3-3%) 1.29 :(12.4%) 

25 Not Partic. 

26 Not Partic. 

27 AAS l.l + 0.1 <LO 

28 N.AA 0.61 :!:( 15%) 0.016 .=(25%) 3.6 :,:( 15%) 
29 AAS o.67 :!:( &J,) 0.27 :!;(4%) 0.87 :,!:(18%) 

30 AAS 0.73 :!: 0.04 0.28 + 0.01 2.9 :!: 0.3 



Code 
No. 

31 

32 
33 
34 

35 
36 

37 
38 
39 
40 

41 

42 
43 

44 

45 
46 
47 
48 
49 
50 

51 
52 
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TJ.BLE 6 ( continued) 

Method Cd Sb 

AAS 

AAS 0.618 ;t(13%) 

NAA 

AAS 0.925 :t(5.04%) 

Not Pa.rtio. 

AAS 0.55 + 0

AAS 

NAA 0.18 ;t(l3.6%) 
A.AS 

XESM 

XRF 

NAA 

NAA 

AAS 

Not Partic. 

A.AS 0.54 z(2er/4) 

AAS N.D.

AAS 1.1 .:< 10%)

AAS 1.28 :t0-07 

Not Partic. 

AAS o.68 + 0.08

AAS <0.2 

NAA 

AAS: Atomic Absorption Spectrophotometry 

ASV : Anodic Stripping Voltammetry 

ESM: !mission Spectrometry 

NAA Neutron Activation Analysis

NAA ( chem) : NAA with radiochemical separation 

NAA (inst) : NAA Instrwnenta.l 

FT Fission Track 

SPM: Spectrophotometry 

!ES!: X-Ra.Y &nission Spectrometry 

XRF: X-Ray Fluorescence Spectrometry 

Hg Pb 

N.D.

0.253 z(1CJ%) 2.0 ;t(5%) 

1.04 ,!:(11.35%) 

0.62 :t 0.13 

0.32 :!: 0.03 
0.35a z(6. 10%) 
o .264 z:( 4. 9%)

0.10 :;(20',k) 
11.4 + l.l 

0.15 :(le,%) l.l :!:( lo;&)
�0.05 1.4 ! 0.4

0.31 + 0.02

0.25 + 0.01 <l 

o.l.64 :!: 0.022

IP� Inverse Polarography 

N .D. : Not detected or not determined

due to too low concentration 

Not Partic. : Not Participated
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TABLE 7 PRELL'flNAffl OVERALL AVERAGE VALUES FOR THE RESULTS OF TRACE 

ELEMENT MEASUREMENTS REPORTED ON SP-M-1 AND MA-J\-1 SAMPLES 

Element No. of values
reported 

Cr 

Fe 

Co 

Ni 

Cu 

Zn 

As 

Se 

Ag 

Cd 

Sb 

Rg 

Pb 

.. 

.. 

26 

32 

34 

20 

18 

36 

44 

12 

7 

10 

26 

I I 

27 

26 

( 15 June 1977) 

SP-M--1 

Overall average� 
(µg/g-dry) 

4 . .3 + 0.4 (9 .3%)

61 + .3 (4.9%) 
-

1790 + 70 (3. 9%) 
-

2.8 + 0.14 (14%)
-

20 ·+ 2 (10%) 
-

13 + 1 (7. 7%) 

66 + 5 (7. 6%) 
-

4.5 + 0.7 (16%) 

0.18 + 0.01 (5. 6%) 

1. 8 + 0.7 (39%) 
-

1 , 7 :t 0.9 (53'.'{) 

0.65 :: 0.05 (7. ii.:) 

0.5 + 0.2 (40%) 

16 + (6.3%)
-

MA-A-I 

No. of valuee 
reported 

Overall average:: 
(µg/g-dry) 

l I 1.7 + 0.7 (417.) 
-

20 3.2 + 0.4 (13%) 
-

l5 69 + 6 (8.7t) 
-

9 0 . .3 + 0.2 (67%) 
-

1 1 2. 1 + 0.3 ( 142:)
-

28 12 + 4 (33%) --

37 220 + 70 (32%) 
-

1 I 7.6 + 0.7 (9. 21)
-

8 3. I + 0.2 (5.5%)
-

9 0.5 + 0.2 (40%)
-

23 0.9 + 0. I ( 11 %) 
-

6 0.08 + 0.04 (50%) 
-

18 0.4 + 0.2 (50%) 
-

14 2.4 + 0.8 (33%) 
-

The errors given are those in the standard deviations of the means 
(standard errors). 
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ANNEX 

LIST OF LABOP.ATORIES WHICH REPORTED THE RESULTS 

( 15 June 1977) 

Belgium 

Institut Royal des Sciences Naturelles 
de Belgique 

Bruxelles 

Canada 

Department of Geology 
University of British Coltmi>ia 
Vancouver 

Denmark 

Isotope Laboratory 
Research Establishment Riso 
Roskilde 

Departmeht of Sanitary Engineering 
The Techhical University of De�rk 
Lyngby 

Finland 

2eactor Laboratory 
Technical Research Centre of Finland 
Espoo 

France 

Service d'Etudes Analytiques 
Commissariat a l'Energie Atomique 
Fontenay-aux-Roses 

O.R.S.T.O.M. 
Bondy 

Laboratoire de Surveillance des Nuisances 
de l'Homme et de aon Environnement 

Pierrelatte 

Institut Scientifique et Technique des 
Feches Haritimes 

Nantes 

Gecnan Denocratic Reoublic 

Staatliches Amt (ur Atomsicherheit 
und Strahlenschutz der DDR 

Hauptabt. Nukl. UnMeltschutz 
Berlin 

Principal investigator 

Mr. M. Mertens 

Dr. K. Fletcher 

Mr. K. Heydcrn 

Dr. J. Tjell 

Mrs. E. Lakomaa 

Mr. G. Baudin 

Dr. M. Pinta 

Mr. J, Ruiz 

Dr. Y. Thibaud 

Dr. F. Moldenhawet 



Germany, Federal Republic of 

Institut fuer r1edizin 
Juelich 
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Bundesanstalt F. Gewaesserkunde 
Koblenz 

Landwirtschaftliche Untersucbungs und 
Forschungsanstalt 

Joseph Konig Institut 
!.funster 

Greece 

Greek Atomic Energy CoT!mission 
Nuclear Research Center "Demokritos" 
Attikis 

Division of Research 
The Greek State Chemical Laboratories 
Athens 

Institute of Oceanographic and 
Fishing Research 

Athens 

India 

SpectToscopy Division· 
Bhabha Atomic Research Centre 
Trombay, Bombay 

Analytical O.emi.stry Division 
Bhabha Atomic Research Center 
Trombay, Bombay 

Health Physics Division 
Bhabha Atomic Research Center 
Tron:bay, Bombay 

Italy 

Centro di Radiochimica e Analisi 
per Attivazione 

�istituto di Chimica GenerAle 
dell'Unive.rsita 

Pavia 

Istituto di Anatomia Comparata 
Laboratorio di Idrobiologia 
Siena 

Japan 

Department of Health Physics 
Radiation Center of Osaka Prefecture 
Osaka 

ANNEX (contd.) 

Principal investigator 

Mr. K. Kasy,erek 

Dr. Karl Klein 

Dr. Seifert 

De. A.P. Grimanis 

Dr.. D. ?-f.arketos 

Dr. F, Voutsinou 

Dr. N. Narasimham 

Or. M. Sankar Das 

Dr. S. Soman 

PTof. E. Orvini 

Prof. A. Renzoni 

Dr. Tetsuo Mat:!l.lro 



,,-..._ 

National Institute for 
Environcental Studies 

Tsukuba -Ibaraki 
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Saga.mi Chemical Research Center 
Sagamihara-shi 

Department of Agr. Chemistry 
Faculty of Agriculture 
The University of Tokyo 
Tokyo 

Netherlands 

Interuniversity Reactor Institute 
Delft 

Laboratory for Chemical Analysis 
of Food 

National Institute of Public Health 
Bilthoven 

Institute for Soil Fertility 
Haren 

Energie Centrum Nederland 
Petten 

Norway 

Institute of Marine Biology and Limnology 
Sect. Marine Zoology and Marine Chemistry 
Oslo 

Department of Chemistry 
University of Oslo 
Oslo 

Central Institute for Industrial Research 
Oslo 

Pakistan 

Pakistan Institute of Nuclear Science 
and Technology 

Rawalpindi 

South Africa 

Sea Fisheries Branch 
Sea Point 

Isotopes and Radiation Division 
Atomic Energy Board 
Pretoria 

ANNEX (contd.) 

Principal investigator 

Dr. Kensaku Okamoto 

Dr. Ken Sugawara 

Prof. S. Toda 

Fro£. J.P.W. Houtman 

Dr. P.L. Schuller 

Dr. W. van Driel 

Dr. J.G. van Raaphorst 

Dr. T. Andersen 

Dr. W. Lund 

Dr. P.E. Paus 

Dr. I. Qureshi 

�..r. H. Fourie 

Dr. D. van As 
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National Physical Research Laboratory 
Applied Spectroscopy Division 
C.S.I.R.
Pretoria

Spain 

lnstituto de Investigaciones 
Pesqueras 

Barcelona 

Lahoratorio oceanografico 
del Mar Menor 

San Pedro del Pinatar 

S\.-eden 

AB Atomenergi 
Fack 
Nykoping 

Switzerland 

Eidg. Institut fur Reaktorforschung 
Wurenlingen 

Uni tee! Kingdom 

N.E.R.C. Institute of 
Uarine Biochemistry 

Aberdeen 

Western Regional Hospital Board 
Department of Clinical Physics and 

Bio-Engineering 
Glaszm; 

Institute for 'H.arine Envirom:iental Research 
Plymouth 

FreshYater Fisheries Laboratory 
Fask.ally 

Fisheries Laborntory 
Burnh.i=-on-Crouch 

Departfilcnt of Agriculture and 
Fisheries· for Scotland 

}:.arine Loboratory 
Aberdeen 

U.S.A. 

Rosenstiel School of Harine and 
Atcospherie Science 

University of Miami 
Miami 

ANNEX (contd.) 

Princip8l investigator 

Dr. A. Ballester 

Dr. J. Ros Vicent 

Dr. Hans Tovedal 

Dr. A. Wyttenback 

Dr. T. Cooms 

Dr. I. Dale 

Dr. E.I. Bamilton 

Dr. A. Rolden 

Dr. J.E. Fortmann 

Dr. G. Topping 

Dr. D. Fishc.r 
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National Marine Fisheries Service 
Middle Atlantic Coastal Fisheries Center 
Milford 

Battelle Memorial Institute 
Pacific Northwest Laboratories 
Richland 

Environmental Protection Agency 
:·E.M. S .L. 

Las Vegas 

Duke University Marine Laboratory 
Beaufort 

U.S.S.R. 

All-Union Research Institute of 
Marine Fisheries and Oceanography (VNIRO) 

Moscow 

Yugoslavia 

Institute "Josef Stefan11

Ljubljana 

International Atomic Energy Agency 

Seibersdorf Laboratory 

Monaco Laboratory 

ANNEX (contd.) 

Principal investigator 

Mr. R. Sreig 

Dr. L. Rancitelli 

Dr. D. Scott 

Dr. P. Whaling 

Dr. N. Morozov 

Prof. L. Kosta 

Dr. 0. Suschny 

Dr. R. Fukai 
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PROGRESS �EPORT No. 16 

INTERCALIBRAT!O� OF ANALYTICAL METHODS 

ON MARINE ENVIRONMENTAL SAMPLES 

International Laboratory of �arine Radioactiv· 

I.A.E,A.

Principality of Monaco 

March 1978 

Trace Elecent Measurements on Oyster Homogenate (MA-�-1) 

(Supplement) 

The results of the preliminary survey, �ade on the data 

reported before June 1976 for trace elements in the oyster 

sample ("H.A-M-1), have already been presented in Progress 

Re-por-c No. 13 (PR-13). Since that time further results have 

been received from a number of laboratories. Altogether 125 

laboratories received the oyster sample, of which 87 actually 

reported the results of their measurements to date. In the 

present report, the results are given of a survey on the 

reported data, including those received after the publication 

of the previous survey. 

Only individual results reported from 27 laboratories on 

the !� selected trace elements (as selected in PR-13) are 

given here as supplements to Tab 1 e (for Cr, Hn, Fe, Co and 

Ni), Tabla 2 (for Cu, Zn, As, Se and Ag) a-cd Table 3 (for Cd,

Sb, Hg and Pb) in PR-13
1 s:.nce those reported earlier from 60 

laboratories were already presented. A list of these 27 

laboratories with the names of those who were involved in the 

analytical work is given as an Annex. The abbreviations for 

the type of analytical techniques used by the laboratorie� 
given in Tables I, 2 and 3 (supplement), are as follows: 

AAS: 
ASV: 

DPP: 
ESH: 
FLM: 
NAA: 
PAA: 
XES: 
XRF: 

Atomic Absorption Spectrophotometry 
Anodic Stripping Voltammetry 
Differential Pulse Polarography 
Emission Spectrometry 
Fluorometry 
Neutron Activation Analvsis 
Proton Activation Analy;is 
X-Ray Emission Spectrometry
X-Kay Fluorescence Spectrometry
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The procedures adopted for compiling individual data 

are similar to those described in PR-13. 

Tables 4, 5 and 6 show ranges and overall averages for 

the concentration of the 14 selected trace elements in the 

oyster sample, based on all the data reported by the 87 

laboratories. In these tables average values, obtained after 

rejecting outlying data by applying Chauvenet's or Dixon's 

test 1 are also presented, These tables should replace the 

corresponding tables given in rR-13, since they are now based 

on the co�plete set of data available in the present inter­

calibration exercise. 

The inclusion of the additional data in the survey has 

brought about, however, only minor changes to the general 

conclusions drawn in PR-13 on the tendencies of the data 

scatter for each element, the relationship between the 

"consensus value" and true concentration, etc, Heverthel ess, 

the average concentrations for Cr
1

, 1:-:n, �e, Co, Cu, Zn, Se, Ag, 

Cd, Hg and Pb, computed after applying Chauvenet's test, are 

now considered to approach closely the true concentrations of 

these elements in the oyster sample. The consideration is 

based bn comparisons of these average concentrations with the 

"probable concentratior.s" estii:r.ated from the data reported by 

selected laboratories. For Ni, As and Sb the situation is 

not clear from the data available at present. 

The. survey presented here has been possible through a 

joint effort on the part of all participating laboratories. 

The endeavour of all those who contributed to the present 

intercalibration exercise is gratefully acknowledged. 



Code 

No. 

61 

62 

63 
64 
65 

66 
67 
68 
69 

70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
8o 
81 

82 
83 
84 
35 
G6 

87 
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TA.JU:: 1 IWSUL'l'S OJ:-1 Cr, Mn, Fe, Co A."m Ni 1.EASUR.1!1,il!ll'TS ON OY:JT'J:lt SAMPLE MA-M-1 

BY DIFF.....flliNT LAJ30Rl.'l'OflI.ES (r/g-d.ry matter at 105-110 °c) 

( mJPP�T) 

i>tethod Cr 11n Fe Co Ni 

AAS 85 ;!:(5%) 28oo ±(5%) 
ESM c:2.5 <0.7 <..O. 7 
lW 73 :!: 2.4 
AAS 73 z(2-.-3%) 316 =.(2"'3%) ,-

PAA <10 75 z( le?fo) 320 ;t(30%) <3�0 
AAS 79 35.3 
AAS 1.1 ;:0.03 40.0 242 + 1

AAS 

FU1 

NA.A 

AAS < 0.5 79 z(.3%) 279 -::,(11%) <0 .• 5 <.0.5 
AAS 67 -3 j::(4%) 
DPP 

AAS 

ESI 2.4 0.7 2.4 
AAS <5 63-3 ,:::(5%) 240 z(5%) 0.27 :!:(10%) 
A.AS 

AAS 3.7 :t(l�) 72 z(J%) 323 :.,(3%) 2.9 ::< 10%) 
NAA 1002 + 200 0.45 ! 0.11 
AAS 

AJ:,V 

AAS 0.78 z(la'/4) 
AAS 

AAS 3.63 z0.18 70.2 ::· o.6 312 + ll 5.48 
AAS 76.8 ± 1 223.7.:; 5· <4.67 
::mF 67 :!: 7.6 284 + 8
AAS l + 0.1 77 + 2 327 + 5 o.49� 0.02
AAS 79 ;t(5%) 
AAS 0.56 :;(Jo%) 81 ;t(5%) 346 ;t( 3%) <0-02 0.83 .:::(3%) 
IE:3 170 .: 90
AJ..B 

AAS 



Code 
No. 

61 

62 

63 
64 
65 

66 
67 
68 
69 

70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 

83 
84 
85 
86 

87 
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TABL:C 2 RESULTS OF Cu, Zn, As, Se AND Ag )JEA.&JRm4ENTS ON OYSTER SAl-u>LE ia-t�l 

11etbod 

AAS 
ESM 
NAA 
AAS 
PAA 

AAS 
Ai' .. S 

AAS 

Fm 
NAA 
AAS 

AAS 

DPP 

AAS 
E$1 

AAS 
AAS 

AAS 
NAA 
AAS 

ASV 

AAS 

AAS 

AAS 

AAS 

XRF 

AAS 
AAS 
AAS 
XE::, 

AAS 

AAS 

:BY Dll'FERk� l..ABORATORil!.'S (f-€/t:-drY matter a.t 105-110 °C)
(SUPPID!ENT) 

Cu Zn Se 

J.7-5 z(S%) 140 :;(5%) 

... 

345 :!:(2-3%) 268o :(2..,3%) ... ... 

3415 :!:< 10'�) 13 t(10%) -

367 308o 
303.0 + 0.1 2400. -

2.1 

280 z(15%) 2500 z(l5%) 14 :t< 15%) 2.5 :t< 15%) 
i 325 z(2%) 2849 :t< 4%) 
; 307 ::(4-1%) 2885.5 :(2.4%) 

1304 

; 48o 
t 

:t<s%) 2791 ;:t(S%) [ 325 

I 331 :!:(3%) 3032 ,:(3%) 
! 
I 3285 :!: 394 163 + 21 0.05 :!: 0.01 

1 28o z(10%) 3020 z(l0%) 
386. 3 :!:(5%) 3186 :!:( lo%) 

328 :!: 14 2737 + 40
337.3 ! l 2595.3 :!: 59
309 :!: 23 2820 + 26
306 + 5 2842 + 20-
351 +(5%) 3629 :t<6%} 
340 :tC5%) 4120 :!:(2%) 7.5 :!;(3%) 
130 :!: 50 2600 + 200
365 z(l3.32%)2759 ;t(ll.47%) 

7 z(2o%) 

6.1 :!:( lO"fa) 

17.66 :!: 2.63 

5.40 ! .0.3 
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TATILE 3 RESULTS OF Cd I Sb I Hg AlID Pb MEASUIU:MENTS ON OYSTER SAMPLE M.A-M-1

BY DI.FFERbi."'VT LA.BORATORll:5 (
;ws

/g-dry matter at 105-110 °C) 

( SUPPUliENT) 

Code Method I Cd Sb No. Pb 

61 AAS 

ESM 0.7 :!:(20%) 
62 NAA 2.85 + 0.10

AAS 

PAA <5 <5 

63 AAS 2.5 
64 AAS 2.2 + 0.02 0.16 + 0.01 1.18 
65 AAS 0.23 

FLM. 

66 NAA 2.4 .:t< 15%) 0.18 :!:(15%) 
67 AAS 1.37 :!:< 10%) 0.14 ;!:(7%) 1.59 ;t(25%) 
68 AAS 2.5 :t< 5 • 88"/4) 0.200 ::< 9 .157;) 

69 DPP 1.93 1.31 
AAS 1.90 0.251 

70 ESM 

71 AAS o.66 ;:(5%) 1.34 :(le'%) 

72 AAS 1.40 :_( lo%) 0.205 :< 12%) 
73 A.AS 3.0 :t(lC"J,) <0-5 

74. NAA

75 AAS 0.059 

76 ASV 2.3 :;( 1�) 1.2 ;:(lo%) 

77 AAS 2.16 ;:t(l�) 0.09 :< 10:�) 1.1 z(lo%) 
78 -�;.S 0.1967 

79 AAS 2.13 :!: 0.14 0.26 + 0.01 2.26 + 0.21 

8o AAS 2.51 :!: 0.13 12.73 ! o.a
81 lR]' 

82 AAS 21 + 2 0.160 :t 0.03 2.13 :!: 0.2 

83 AAS 2.5 z.( 6%) 0.131 ,:(6%) 
84 AAS 2.135 :!;(3%) <0.01 

85 XES 
86 AAS 3 .45 8 :t< 15. 79')�) 0.192 ,±(9°55%)
87 AAS 1.92 :t 0.03 0.171 + 0.02 2.19 :t 0.15 
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TJJ3LE 4 OVERALL A V-.i.i!ll.AG'� AND A Vl!.r'1AGES AFT'.Jl CllllUVL:NET AND DIXON'S TESTS 

FOR '!BE RESULTS Rli:PORTED FOR Cr, Mn, Fe I Co AND Ni MEASUREMENTS 

ON OYSTER SAV.PLE MA-M-1 

Element Cr 

No. of Reported Results* l 30 

Range reported ! 0.304 - 75
( f€1 g-dry) l 

-
Overall Average 

(f1€/g-dry) 

Chauvenet 1 s Test 

No. of Results 

accepted by the test
-11-!1-

Avera,ge 
(�i-d.ry) 

Dixon' s Test 

No. of Results 

accepted by the test 
� 

Average 

(�/g-dry) 

25 

28 

Mn 

49 

0.094 - 110 

42 

Fe Co 

54 26 

0.21 - 28oo 0.29 - 5.7 

42 22 

47 52 26 

Results showing only detection limits of methods used are not included.

The standard deviations given are 1 �for mean ( standard error)� 

Ni 

17 

0.27 - 22 

16 

16 



No. 

Ti.lll..l'; 5 O\n-..Jl/,LL A VERAG.:a:S Alm AV-irtAG.:.:s l.J"f�l CHAUV"..l!Jl.l!."'T AJJD DIXON, s TESTS 

Element 

FOR fflE RESULTS REPORTED FOR Cu, Zn, As, Se AND � MEtsSUTI.D!ENTS 

on OYST1!3 SAl,�LE HA-1-�l 

Cu Zn As Se 

.. i
of Reported Re'sults i 66 77 23 21 

Ag 

28 
Range Reported. i 

55.5 - 480 2.8 - 5400 0.016 - 163 0.05 - 3.9 0.0058 - 17 .66I 

(�/g-dry) 
.... i 

Overall Average 

<r/g-d
r

y)

Chauvenet's �st 
No. •f Results 

accepted by the 
-

Average 

(r/�ry) 

Di:.con 's Test 
No. of Results 

I 
I 

! 

i 
test i 

; 

. ; 

accepted by the test 
-

Average 

<r/g-dry) 

* 

.311 + 9 
-(2 .9%) 

60 

322 + 6 
-(1.9%) 

66 
. 

311 + 9 
-(2 .9'-,k) 

2700 + 100 17 + 7 2.0 + 0.2 
-(3.7%) -(41%) -( lo%) 

64 19 21 

2830 + 30 10.7 + o.6 2 .o + 0.2 
-(l.1%) -(5.6%) -( 10%) 

77 21 21 

2700 + 100 10 + 1 2 .o + 0.2 
-(3-7%) -(10%) -(lo%) 

Results showing o;\llY detection limits of methods. used_ are not included. 
.... 

The stcllldard cieviations given are 1 6'"for mean ( standard error). 

6.1 + o.6 
-(9.5%) 

26 

5.8 + 0.4 
-t6.9%)

27 

5.6 + 0.4 
-(7 .1%) 
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TABLE 6 OVERALL AVEHAGES AUD AVEiUlGES APTi:R CHAUVENET ANl) DIXO?T'S T.E:STS 

FOR THl!l RESULTS REPORTED FOR Cd, Sb, Hg AND Pb MEASUREMENTS ON 

OYSTER SAMPLE MA-M-1 

Element 

* 

No. of Reported Results 

Range Reported 
< t;,I g-dry)

-

Overall Average 
(�/g-dry) 

Chauvenet's Test 

No. of Results 

accepted by the test 
•* 

Average 
Cr/g-dr'3") 

Dixon 1 s Te st 

No. of Results 

accepted by the test 
** 

Average 
(

;u8
/g-dry) 

Cd 

50 
0.4 - 21 

48 

2.2 + 0.1 
-(4.5%) 

49 

Sb Hg 

8 44 
0.013 - 15.60 0.059 - 1.6 

39 

1 39 

Pb 

34 

0.2 - 12. 73 

26 

32 

Results showing only detection limits of methods used are not included . 

The standard deviations given are 10--for mean ( standard error) • 
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LIST OF PAF.TICIPATL�G LABOPATORIES 

(Suppl�nt) 

{A) Laboratories which reported the results (January 1978) 

Algeria 

C.R.O.P.
Alger

Canada 

Nutrition Research Division 
Food Research Laboratories 
Ottawa, Ontario 

Beak Consultants Li�ited 
Department of Chemistry 
�ssissauga, Ontario 

Finland 

Institute of !1arine Research 
Helsinki 

France 

Laboratoire Solaigue 
Ni.mes 

Laboratoire de Sedimentologie sous-marine 
Perpignan 

Laboratoire de Spectrographie de l '0RST0M 
Bondy 

C.E.A. - Laboratoire de Surveillance des
Nuisances de l'Homme et son Environne�t

Pierre latte 

Greece 

College of !iedicine 
University of Thessalonimi 
Th.essaloniki 

Laboratory of Analytical Chemistry 
Uni •rersity of Thessaloniki 
Thessaloniki 

Italy 

Laboratorio per lo Studio della 
Contaminazione Radio-=1ttiva del Mare 

Fiascherino, La Spezia 

Istitutc:, Q Huaeo cH Zooloii.a a .tmat:omia Comparata 
Universita d:i. Hessina 
Meuina 

Investii;i:ator 

R. Semroud
D, Sib lot

B.G. Shah 

R.S. Szawiola 

F. Koroleff
R. Lehti'o

J. Laporte
'·!. Kovacsik

A. Monaco
J.P. Cambon

M. Pinta

J. Ruiz
ti. Cardi
11, Clavel
M. Jalat

A.G, Panetsos
S .A. Georgak.is

G.S. Vasilikiotis 
M. Sofoniou
D. The?!lelis
N. Voulouvoutis

H. Bernhard
)( ... Stoep-pler 

A. Bolognari
L. Hojo
s. Mar-cella
� .. Ha'rt:inn



Italy (contd,)
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lstituto di Chimica r,enerale 
Universita di Genova 
Genova 

Laboratorio Radioattivita Ambientale 
CNEN-CSN della Casaccia 
Ro1.1a 

Iatituto di Anatomia Comparata 
Universita di Siena. Siena 

Euratom - CCR 
Joint l�uclear Res. Centre 
Ispra 

Japan

Akita University of !1edicine 
A.'lcita 

Norway

Central Institute of Industrial Research 
Oslo 

Spain 

Instituto de Investigaciones Pesqueras 
Barcelona 

Laboratorio oceanografico del Har Menor 
San Pedro del Pinatar 

Sweden 

Aktiebolaget Atomenergi 
Studsvik 
Nyk.oping 

Turkey

Department of �farine Sciences 
Hiddle-East Technical University 
Ankara 

U.K,

Environmental and �fodical Sciences Division
A.E.R,E. - Harwell 

Investigators 

R. Capelli
B. Fnasone
G. Zanicchi

A. Cigna
G. H.astinu
li.E. Belli

A, Renzoni 
E. Bacci

C,J. Toussaint 
G. Aina

H. Takizawa

P.E, Faus
B, Enger

A. Ballester
Ll. Cros

J. Ros Vicent
J.G. Perez

H. Tovedal

T. T. Balkas 
G, Ramelo-w 
c. Saydam
S. Tugrul
M.A. Ozkam
G. Tuncel

H.I, Shalgosky
R.J, Webb

D.R. Williams
D. Gibbons
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U.S.A. 

Battelle - Colurnus Laboratories 
Colurrbus, Ohio 

U.S. Environmental Protection Agency 
N.E.R.C. 
Las Vegas, Nevada 

Woods Hole Ocennographic Institution 
Woods Hole, !fassnchusetts 

Duke University t�arine Laboro.tory 
Beaufort, North Carolina 

(B) Laboratories which declined to report (January 1978)

Belgium 

Studiecentrum Kernenergie 
SCK/CEN 
Hol 

Greece 

N.It.C. "Demokritos"
Athens

U .K. 

Paediatric Unit 
St. Hary' s Hospital Hedica.1 School 
London 

U.S.A. 

University of Delaware 
College of !lc:.rine Studies, 
Ne�ark, Delm-iare 

Re.?d College 
Portland 

Puerto Rico Nuclear Center 
'!ayaguez 

Argonne lfational L.:ilioratory 
Argonne 

Investigators 

ll.I. Heffelfinger
D. Sgontz

D.R. Scott
J. Cutranings

G. Thompson

P. J. Whaling 

O. Van der Borght

A. Katsanos

C.D. Strehlow

H ,P. Com-1ay 

L.B. Church

J .F.. Ho!ltgc-crery 



1:;IERC/1.Lit;UJIOa OF ANALYTICAL UETBODS 

ON tlARli'lE E�NI::lll:!:!EiiThl. S1'11I'LES 

International Lataratory of nariP-e ;<adioactivlty, IAf:.l. 
Ifo!3ee Oceanozra?hiquc 
Principality of "i1onaco 

October 1978 

Preliminary l',eport on tl-,e '·1e.asurem!?.�ts of Trace Elemeut.R in fish Fl2sh 

:Jurir:g 1';77 the fish flesh :,o.::iop,enate ·sanple ("A-A-2) ·�as prepared for trace 

element @easurementc. Th� �o�oeeuization of this s�"vl� �as �uch more difficult 

·than that for the ot;,er sa::.;:,les. oyster, copcpod etc. T!ie fisl--, sar1ple (:-!A-f.-2)

�as <listri�ute<l to 10� lahoratories uetween April - June 1�73. �Y the end of

September 1978 result:: uerc received fro.:n .'.:io laboratories. A pr�lirdc.ary

compilation of fr,c results reported is sivcn i-r. the pres2r.t report. The final

cor.ip.ilation anil survey of the results will be made �-1;-.en mar� results are received.

A list of t�1e 56 laboratories "h:i ch s:.ibmitted results up to Septer:iber 1973 is

attached as an Annex.

1. nesults reported

Although results from SG laboratories �ere received by Se?te�ber 1J78, the

coti:!pilat.ion includes the data froo only 5,� laboratories. Results of measurements 

of nore t�,an 40 elements were reported, bc.1t tlie pr�scnt compil;:i.tioc. i1as bee.i nadc 

for only 14 sC:clect2G el2.I::1ents, Cr. :!Il, I'e, Co, �-a, Cu, Zn, As, Se., Ag, c..:, S�, l:.g 

and Pb. Tables 1, 2 and 3 contain respectively the compilation for [Cr, ?1n, Fe, 

So, l?i], [Cu, Zn, Ar;, Se, n:;J and [Cd, Sb, Hg, Pb]. 

the follouing procedures WP.T2 ado?ted: 

A$ has been cloae in t�1e past, 

(a) fi...11 values given if'. the ta'!:,les -..•ere ta;;en from the origin.al reports

of the participants �it� as little c�ange as possi)lc; sip.nifica�t

fi�ures of t:·.e values given in the ta'.)l�s nrc jdentic::11 to those of

t�,E: d3.ta reported 1iy t�e particip;:rnts.

(b) In cases ,.::,ere lahoratories :!ad not given laboratory aver.:iges for

their ir:dividual nca:.ure.:.nents, ..-:irithmetical avera�e::; of th2

individual dota ,,er· celcula�cd an<l prese�ted in the tables.
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(c) The associated errors of the m�asurementr: •,1ere reported either

in absolute values or in percenta?,es. The percent errors are given

in parentheses in tl,e t1.1bles.

(d) In cases where laboratory averages were calculated ut Honaco,

associnted errors for these averaies uere computed on the oasis

of the errors given for individual data \.7hen two or three data had

been given for one clement; ,;;here four or more data were available

for calculating the Dveragc, stanuard errors were computed from the

individual data reported.

(e) In each table abbreviated descriptions of tl1e analytical l"letho<ln

used are. also given. The.se show only the type of a:::1alytical methods

adopted, but do not indicate ti.1e vari,,ty of the r,roce<lures involved

in each type of analytical method. The al;oreviaticns used are as

follo\.?s:

AAS: Atomic Absorption Spectro?hotometry 

.\SV: Anodic Stripping Voltammetry 

l::AA: ;!eutron Activation t-.nalysis 

S5'-!S: Spark Source Uass Spectrometry 

::.Es�·-1: X-ray Ell!ission Spect.ro�etry

X:'.F: X-ray Fluorescence Spectrometry

Preliminary surmry of the data 

Table 4 eives the preli:nir.ary overall averar,es of the results reported on 

the 14 selected trace elements from 54 laboratories. This table is intended to 

show·· the relative scatter of the reported results in the present intercalibration 

exercise, but does not iudicate "probable concentrations:' of trace elements in 

this sample. As statistical tests to reject outliers were not applied, the 

overall averages presented in Table 4 do not, in any case, represent the "probable 

concentrations'i. It was observed, houever, that the average values, based on less 

scattered detn for some clements, for example, t�ose associated �ith less than 

+ lOZ standard error, may be close to the "probable concentrations" (e.e. - . .,.. 
!'ill, �• e,

Cu, Zn, As and Ilg). On the other h.:md, the averaee values associated ,dth large 

standard errors, w�ich exceed: 20%, may be several times off the pro�able 

concentrations of the elements (e.g. Cr, Co, Ag, Cd, Sb, Ph). 

The code numter of your laboratory is: 



TABLE l 

Code 
Method 

No • 

l AAS

2 AAS 

. ) M!,V 

J AAS 

4 AAS 

5 AAS 

6 AAS 

7 XESl1 

8 AAS 

9 AAS 

10 AAS 

11 AAS 

12 AAS 

13 AAS 

14 AAS 

M!,V 

15 AAS 

16 AAS 

NAA 

17 NA.A 

18 AAS 

19 AAS 

20 XRF. 

21 AAS 

22 AAS 

23 AAS 

24 AAS 

25 XESM 

26 AAS 

27 AAS 

28 AAS 

29 AAS 

30 XRF 

- 61 -

Rl!.'SULT OF TRACE EID-IENT Ml!�SUREMl!�MTS ON Tm:; FISH FLESH SAMPLE 1:A-A-2 
(Cr, lln, Fe, Co, Hi j1FJ/g--<1xy matter)

Cr 1-ln Fe Co Ni 

< 0.08-

1.4 z(l0%) <l.l ±< 10%)
1 ;t 0.5 70 + 10

0.54,:t 0.08 N.D. 98 :!: 14 
68 z(5o%) 

o. 70 :,:( 10%)

0.510: 0.020 
1.3 :!: 0.64 

4.7 + o.8 o.6 + 0.1 50 + 2 0.03 + 0.01 0.5 + 0.1
0-44! 0.05 50 + 2 

1.1 :t 0.06 
2.1 ± 0.16 0.7 ± 0.05 67. 7:t 4.5 0.070 :!: 0.002
2.oa z(9.5'}[) 76 -5:t( 7 • 7%) 0 .135 :t< 9 .9%)

0.960:!:( 11.29%) 

2.0 :!: 0.5 50.0:: 5 1.0 :! 0.3 
o. 75,:t(5%) 53°3:;(57�) < 1.5 

49-2:!: 3.5
0.87 :!( 1.4%) o. 1 z(J67;) 56.3:;t(7%) 1.7 ::(26%) 2.5 :;t(52%) 
4.07 :!: 0.44 50 .0:: 12 .3 1.48 :!: 0.16 

12.9 + 1.2 3.5 ! 0.9 62 ■5:!: l .5 2.5 :!: 0 .4 
1.40 z:(10.o)(,) 0.91:t(5,5%) 

50.9= 1.4 
N.D

< 0.3 <l.O 35.6 0.81 
82 :!: 15 



Code 

No • 

.31 

32 
33 
34 

35 
36 

37 
38 

39 
40 
41 

42 

43 

44 
45 
46 

47 
48 

49 

50 
51 

52 

53 
54 
55 

56 

Tl.BLE 1 (continued) 

Method Cr 

NAA 

Al:.S 0.950 ± 0.12 
AAS 

AAS 1.04 :!:( 4��) 
NAA 3.06 ;t(.3.5%) 
AAS 5.34 z(10%) 
AAS 

AAS 0.49 z.( 13%) 
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0.587 .: 0.010 
1 .. 180 + 0.2') 

-
-

0.89 -z.(2%) 
0.85 :(4%) 
l.78 :!;(5%)
0.645 :+;( lO"fo) 
0.63 -:,�6%) 

NAA 1.31 .:< 13.1%) 0.75 :!:( 8.9%) 
AAS 
NAA 
AAS l.l ±(10%) LO ±(20'%)
AAS 1.6 ::(2o%) o.a :!:(20%) 
NAA 1.4 ±C 20'�) 0.51 ±< 10%) 
AAS 

AAS 0.81 
AAS 
NA.A 5.71 ;t 0.13 0.72 :!: 0.04 
NAA 9.9 ;t(l.5%)
N.AA 

AAS 

NA.A 

AAS 

AAS 2 ;!; 0.3 0.9 + 0.2
NAA 2.0 + 0.2 0.5 :!: 0.05 
Sfil1S l.4 :!:(30%) 0.5 :!;(3o%)
AAS 3.59 + 1.20 2.00 + o.80

-

AAS 

AAS 
NAA 1.22 + 0.21 < o. 7
XBF l.4 + o.6 1.1 ;t 0.4 
AAS 0.74 + 0.08 0.64 :!: 0.05

Fe Co Ni 

53.7 + 2.2 
158.15 ! 18.11 

59.3 -z.(9%) 0.097 :(9%} 1.00 .=(5%) 
59.7 :!:(5%) 0.11 ;t(6%)
49.1 ,±(5%) 2.19 :!;(5%) 

58 1:(7%) 0.42 z(9%) 
61 1(10.1%) 0.061 :!:(16.9%) 

47.0 :!:< 8.4%) 

50.9 :< 10"/4) 
-

67 ::(20%) 

65 
56.7 :!:(47;) 
57.5 ! 5.4
67.3 :!:(3 -8%) 

58.9 ± 0.7 

47 :!: 5
34 ± 4 

56.61 :t 8.12 

43 .± 9 
47 .9 + 1.6 
51.8 : 3.4
48.7 + 2.0 

0.147 :!:(26.9%) 0.137 :!:(8.9%) 

o.6 :!:( 10%)
0.09 :!:(20%)
O. 054 z.( 25%)

0.7 

2.5 

1.20 

0.057 :t 0.006 �l. 7 
O .064 ;t(5-4%) 

0.082 + 0.020 

�0-1 0.9 

o.B

1.65 ± 0.55 2.54 

0.18 + 0.01 0.72 
0.044 ± 0.001 <l 

<0.8 0.89 

0.03 ,: 0.015 0.63 

:t< 10"'/o) 

1: ( 2 0",/4) 

+ 0.1

:!;(30%) 
:!: 0.59 

:!: 0.05 

+ 0.16
+ 0.10



TJi.:BLE 2 

Code Method No. 

1 AAS 

2 AAS 
Af!,V 

3 AAS 

4 MS 

5 AAS 

6 AAS 

7 XESM 

8 AAS 

9 AAS 

10 AAS 

11 AAS 

12 AAS 

13 AAS 

14 AAS 

ASY 
15 AAS 
16 AAS 

NAA 
17 NAA 
18 AAS 

19 AAS 

20 XRF' 

21 AAS 

22 AAS 

23 AAS 

24 AAS 
25 XESM 

26 AAS 

27 AAS 

28, AAS 

AAS 

29 AAS 

30 XRF 

- 63 -

Rl.:SULT OF TRACE t.:�·l'T MEJ..SlJlliY..i:rl'TS ON THE FISH FLESH SAMPLE MA-A-2 
(Out Zn, As, Se, Ag �/g--dry matter)

Cu Zn As Se 

3.49 :tC9-7S) 32.32 :t<5•3%) 1.23 z(3.2%) 
4.2 .:!:: 0.4 33.3 + 1.0

3.9 :;!:(10%) 33 :!:( lOo/�) < 0.1 :t< 20%) o. 78 :t< 20;�)
3.5 + 1 25 + 1

2.74 :!:(10%) 
12.5 ± 1.40 204 .:!: 29 

11 • ::(40fo) 3.9 :t;(5o%) 30 

3 .12 :;!:( 10%) 42. 7 ,±(10%)
4.4 + 0.2 27 + 1
3.53 .± 0.07 

3.2 :!: 0.74 32.4 :!: 8.4 
3.7 + 0.1 30.4 :!: 0.9
4.8 :!: 0.3 34 3.8 :!: c.5 

4.02 ;t(5.l%) 38.1 ;!:(3°81�) 2. 10 ;t( 2 . 8%) 3.28 :!:(3.6%) 
6.5 + 0.6 31.6 :t 1.3 
3.8 :!: 0.3 34.1 :t 1.13 

46.6 j:( 6 .61;) 2.22 z(10.o%) 
5 -000:!:(5. 74��) 36 • 62°!( 1. 72o/�) 
4.17 :!;(4j;) 32.28 ,:t(4%) 

30.0 ! 5
4.1 ::(5%) 34.7 z(51�) 

32.2 :!: 0.4 

:!:;(5o%) 

3.9 :!:(9%) 33.8 :!:( 27i) 0.13 :!:(62%) 
6.08 :!: 0.49 32.3 :!: 1.13 
5.6 + 0.2 37.7 :!: 0.9 2.2 :t 0.9 1.2 + 0.2 
4.03 ;!:(5-5%) 34.5 .:!;(2.2%) 

4.12 ! o. 76 33.1 + 1.0
17.6 :tC5. 7%) 35.6 :t(l.6%) 

4.1 :(11.4%) 35.5 :;(2 .6%) 

3.1 26.l 
30 :!: 4 



Code 

31 
32 

33 
34 
35 

3? 

37 
38 

39 
40 
41 

42 

43 

44 

45 
46 

47 
48 

49 

50 
51 

52 

53 
54 
55 

56 
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TABLE 2 (continued) 

Method Cu. Zn 

NAA 3.96 ± 0.05 29.9 ± 1.1 
AAS 3.81 + 0.186 51.64 .:!: 2.14 
AAS 20.288±(10,47%) 
AAS 4.25 z.(31�) 33.3 ,!(2%) 
NAA 8.8 +(10%) 31.4 .t(3-5%) 
AAS 4.60 :;(5%) 33.08 .::(5%) 
AAS 4.38 ±(8%) 28.6 ::( l()'J�) 
At..S 5.1 1( 10%) 17.0 ±(4%) 
NAA • 38.6 :::(11.1%)
AAS 0.5713:( 13. 7��) 36 .90 .::( 18.3%) 
NAA 

AAS 

AAS 

Nii.A 

AAS 

AAS 

AAS 

N.AA 

NAA 

NAA 

AAS 

NAA 
AAS 

AAS 

NAA 
SSDIS 

AAS 

AAS 

AAS 

NAA 

XRF 

.AAS 

3-9 + 0.2

4.4 :i:(5%) 
2.9 ;t(l0%) 
4.1 ::( lo%) 

3.32 
3.94 ::(5%) 

J.8 + o.a

3 :;(Jo%) 
4.42 :!: 0.21 
3.98 ! 0.15 

4.0 + 0.2 
<20 

3.5 .! 0.3 
6 .92 ;: 1.10 

35. 7 _:(5%)
33 :tC5%) 
34 :< 10%) 

34.5 
34.2 :i::(5%) 
29.9 :!: 0.71 

37.5 :_(l. 7%) 

38.8 ! 0.3
41.7 :t 1.5 

28 :: 4 
29 :!: 3 

31.95 .:!: l.8o 
33,89 :!: o.eo

34 + l 

34.4 ,: 0.5 
32.9 + o.6 
29.3 + 1.0 

As 

2.98 ± O.ll 

2.1 ::< 2 ,8";&) 

2.02 ± 0.05 

3.18 ! 0.12 
3 • 05 ::< 2 • 1%) 

2 .25 ,:(lo%) 

2.95 :t 0.25 

o. 75 ;tOo%)

2.91 :!: 0.06 
2.7 + 0.2 

Se 

l.28 .;t(57;)

1.37 ,:( 11.5%) 

3.92 ! 0.07 
1. 39 .=Cs -a%)

1.20 + 0.12 

0.5 z:( Jet%) 

1.18 + 0.01 
1.07 + 0.07 

0.08 .=(2o<j,) 
0.12 ::<20%) 

0.12 + 0.02 
0.081::(28.3%) 

<0.1 ,:t(Ja%) 
0.42 ± 0.03 

0.23 :!: 0.08 
0.091:!: 0.006 



Ti.BU: 3 

Code 
Method No. 

1 AAS 

2 AAS 

A!EV 

3 Ji.AS 

4 AAS 

5 AAS 

AAS 

7 XESM 

8 A.AB 

9 11.AS 

10 AAS 

11 AJ.S 

12 Af,S 

13 AAS 

14 AAS 

ASV 

15 A.AS 

16 AAS 

NAA 

17 NAA 

18 AAS 

19 .. 1.1.s 
20 XRF 

21 AAS 

22 P..AS 

23 AAS 

24 AAS 

25 XESM 

26 AAS 

27 AAS 

28 AAS 
29 AAS 

30 ):RF 

- 65

RESULT OF TR11C.:.; BW�l'T M1:J�st.rnl::U·7TS Oli Tllli FISH F'Ll:.'SH SJJ,lPU:: l-lA-h-2 

( Cd, Sb, Hg, Pb �/{!:-dry matter)

Cd Sb Hg Pb 

0.074 .:tC 8.2%) a. 768 !(2 .4%) 0.199 _:t( 8.0%) 
0.62 + 0.02

0.02 + 0.01 0.42 + o.o6 
< 0.3 :!;(10%) 0.56 j:(10%) <l.6 :!:(15%)

0.57 ::!: 0.03 
0.076 ;t(J.2%) 0.67 ;t( 8%) 0.46 _±(12%) 
0.83 :!: 0.14 0.3.3 :!: 0.03 0.31 :t 0.07 

0.39 + 0.02 
O . 096 :i:( 10--fo) 0.45 :t< 10%) 0.45 ;!:(20%) 
0.07 + 0.01 0.523 ;t 0.003 
0.046 ,: 0.001 0.569 :!: 0.005 0.254 :!: c.020 
0.088 + 0.081 0.57 + 0.16 1.8 
0.02 + 0.01 0.509 .:!: 0.056 0.3 + 0.1 

0.60 :!: 0.05 
0.065 ! 0.001 0.39 + 0.01 
0.09 ±(33-5%) 0.44 +(2.2%) 0.29 z:(15-2%)

o.o6o :tC26.35%) 0.632 ::(4.93�) <0-500 
0.05 ;t(45%) 0.45 ::C 11%) 0.31 ,:(29%)

<2 
0.075 :!: 0.005 0.35 z: 0.04 

0.25 ::(55�) 0.516 ::(14%) 2.7 ::!:( 30',k) 
O .271 ,: 0 .025 0.179 :t:: 0.008 o.osn :!: 0.009

2.8 + 0.7
0.11 :tC9.1%) 0.58 ,:(3-4%) 0.67 ::( 3 -�) 

< 0.13 0.48 + 0.01 

0.14 0.45 0.48 
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TABLl.; 3 (continued) 

Code 
Method Cd Sb Hg Pb 

No. 

31 NAA 0.065::; 0.007 0.0038 :!:: 0 .0003 0.556 .! 0.020 

32 AAS 0.168 z-0.033 0.978 .:!: 0.31 

33 AAS O.ll4 ::(19.32%,) 0.320 -:.< 12 .06%) 

34 AAS 0.086 :!:(5%) 0.59 =.(3%) 

35 NAA 0.14 :.< 17%)
�6 AAS 0.74 '±_(10%) 1.22 :(lo%) 

37 AAS <0.l 0 .208 =.( 10%) <0.4 

38 AAS 0.039 -::,(12%) 

39 NAA 0.54 .:(10.1%) 
40 AAS 0.158 z(4.B%) 0.247 :;:(5-9%) 0.20a z(23-.,%) 

41 N.AA 0.39 .:!: 0.03 

42 AAS <0.4S ;:(5%) <0.4 :t( 10%) 

43 AAS 0.05 .:1;(2o%) 0.71 -::,(1�;) 0.3 :(2��) 
NAA 0.004 ,::(5o%)

44 AAS o.s1a z(o.1%)

45 AAS 

46 AAS �0-32 �3 

}TAA �0.01 0.32 ! 0.04 

47 Nl\.A 0.053 ::.< 12 .CJ%) 0.464 :!:< 11.3%) 

48 NA.A 0.20 :;( lo%) 
49 AAS 

NAA 0.0032 :!;:(2��) 0.275 
50 AAS 0.26 
51 AAS ;:;;0.06 �0.5 

NAA 
SSMS <0.2 ,:( 3�{,) <0.15 .:!:(301�) <0.l z:(3o%) 

52 AAS 0.44 .! O.lT 0.58 + 0.02 l.49 .:': 0.27

53 AAS 0.55 .:!: 0.05 o.88 .:!: 0.05
54 AAS 0.60 :!: 0.03 

55 NAA 0.010 + 0.001 0.37 + 0.01
XRF <2 <3 <l <l 

56 AAS 



TJJ!Ll:: 4 

Element 

Cr 

Mn 

Fe 

Co 

Ni 

Cu 

Zn 

As 

Se 

Ag 

Cd 

Sb 

Bg 

Pb. 
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PRELII:!liARY Ov:m.ALL J.Vl:.."!LJ,GE VJ.WES FO?. TrX PJ:.'SULTS OF T'rJ,C:S 
.EW!El:T :HEASURE:.i!JITS REPORTED OH FISH Fl.ES.� S.Af:PLE 'J.�-1-.-2 

(30 September 1978) 

No. of values reported Overall Average 

( ;ue/g-dry) 

25 2.9 ! o.6 (21%)

28 1.0 + 0.1 (lo%) -

35 61 ! 4 ( 6 .6%) 

·17 0.4 = 0.2 . (5o%) 

18 1-2 + 0.2 (17%)

44 4.6 ! 0.4 ( 8. 7%) 

53 36 + 3 ( 8.3%) 

l2 2.5 ± 0.2 ( 8.0%) 

12 1.9 :: 0.3 (16%) 

8 4 ! 4 ( 1oo%,)

27 0.16+ 0.04 (25%) 

5 0.04,:: 0.03 (75%) 

37 0-48:: 0.02 (4.2%)

24 o. 7 ! 0.2 (29%)

Tne uncertainties given are standard errors. 
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AJOO:.:X LIST OF L.A.BOR.ATORli::S waUCH RE?ORTED T£ P�S:JLTS 

(30 September 1978) 

Algeria. 

C.R.O.P.
Alg-er

Canada 

Vancouver Inspection Laboratory 
Vancouver, :British Columbia 

Canada Center for Inland 'rlatera 
Water Quality :Branch 
Burlington, Ontario 

Beak Consultants Limited 
H.ississauga, Ontario 

Denmark 

National Food Institute 
Spborg 

Research Establishment Riap 
Roskilde 

PLl! Haustrup 
O:iense 

Finland 

Technical Research Centre of Finland 
Reactor Laboratory 
Espoo 

F'rance 

Centre d'Etudes Nucleaires de Grenoble 
SEAPC 
Grenoble 

I.S.T.P.M.
Nantes

Investigators 

R. Semroud
D. Si blot
A. Aiesi
A. Asso

R.E. Drew 
T. Klopp

F.J. Philbert 
D.P. Sturtevant
K.D. Austen
1-1.A.T. Forgan

R.S. Szawiola 

A. Andersen
E. Larsen
J. :Boyer
S. Jonsen
A.L. Jensen

K. Heydorn

R. Mazzone
B. Larnbertsen
S • .Bladt

. E. L. Lakornaa 
R. Ro��" .-i b<."j 

R. Bourguillot
.A. :!:iuart
J. Laverlochere
A.�i. Andreani
M. Disant

Y. Thi baud



Gerna.ny (Federal Republic of) 

Institut fUr Medi:z.in 
Jt1lich 

Staatliches 
Veterinaruntersuchungsamt 
Hannover 

Institute of Chemistry - KFA 
Jtilich 

Greece 
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Nuclear Research Center 11Demokritos 11

Attiki 

India 

Tarapur Atomic Power Station 
Environmental Survey Laboratory 
Thana District (Maharashtra) 

BHabha Atomic Research Center 
Health Physics Division 
Bombay 

Indonesia 

Pasar Jumat Atomic Energy Research Centre 
Jakarta - Selatan 

Israe!l 

Israel Oceanographic & Limnological Research Ltd. 
Haifa 

Italy 

Isti tuto di Chimica Generale 
G€nova 

Istituto di Anatomia Comparata 
Siena 

Joint Nuclear Research Centre 
:Euratom - CCR 
Ispra 

Japan 

The University of Tokyo, Faculty of Science 
Department of Chemistry 
Tokyo 

Japan Chemical Analysis Center 
Tolcyo 

Investigators 

K. Kasperek

J. Pohlschmidt
M. Hoppe

M. Stoeppler

A.P. Grimania 
C. Papad.opoulou
D. Zafiropoulos

I.S. Bhat
R.S. Iyer

S.D. Soman
R.P. Gurg
M.A.R. Iyengar
S.J. Raut

s. Yatim

o.H. Oren
H. Hornning

R. Capelli
M. Franchi
M. Zanicchi

A. Renzoni
E. Bacci

C.J. Toussaint

K. Fu.wa
T. Harada
Y. Dok.iya
H. Haraguchi

H. Hamaguchi
H. Fukushima



Jupan (continued) 
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National Institute for Environmental Studies 
Tsukuba 

Sagami Chemical Research Center 
S�ami-shi 

National Institute of Radiological Sciences 
Chiba-shi 

Malta 

The University of Malta 
Chemistry Department 
Maida 

Netherlands 

Government Dairy Station 
Leiden 

National Institute of Public Health 
Bilthoven 

Energy Research Foundation Netherlands 
Petten 

Norway 

Central Institute for Industrial Research 
Blindern - Oslo 

Pakistan 

Pakistan Institute of Nuclear Science 
and Technology 

Rawalpindi 

South Africa 

Atomic Energy Board 
Isotopes and Radiation Division 
Pretoria 

National Institute fqr Water Resecll'ch 
C S I R 
Congella 

National Physical Research Lnboratory 
C S I R 

Spain 

Pretoria 

Institute de Investigaciones Pesqueras 
Barcelona 

lnvesti£ators 

K. Okamoto
s. Kamiya

K.. Sugawa.ra 
M. Ambe
T. Yoshihara
}!. Niikura.

T. Ueda
T. Ishii

A.P. Starace 

W .G. de Rui.g 
A.W. Hoff 
J .A.D. Oltvoort 

P. L. Schuller

J.G. Van Raaphorst 
H. Harema.ker
G. Eeeringa

P.E. Pau.s 
B. i:nger

I.H. Qureshi

A.S.M. de Jesus 
C .:t,�. Vlegg22.r 
J .L. WatY.i.ns 

R.C. Stanton
E. Engelbrecht

R . J . 1fa t ling 

A. Ballester
LL Gros



'l\J.rkey 

Hydrobiologioal Research Institute 
Istanbul 

United Kingdom 

Western Regional Hospital Board 
Department of Clinical Physics 

a.nd Bio-Engineering 
Glasgow 
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Fisheries Radiobiological Laboratory 
M.A.A.F.
Lowes to ft

Freshwater Fisheries Laboratory 
Pi tlocbry 

University of London Reactor Centre 
Ascot 

Fisheries Laboratory 
M . .A.A.'F. 
:Burnham-on-Crouch 

University of Liverpool 
Department of Marine Biology 
Port Erin 

·rmperial Chemical Industries Ltd.
Bri:xham Laboratory
Bri:xham

Department of Agriculture and Fisheries
for Scotland 

Aberdeen 

U.S.A. 

Savannah River Ecology Laboratory 
Aiker, South Carolina 

N.Y. State Department of Health 
Radiological Sciences Laboratory 
Albany, New York 

Harbor Branch Foundation, Inc. 
Fort Pierce, Florida 

Environmental Protection Agency 
Environmental Monitoring and Support Laboratory 
Las Vegas, Nevada 

T.W. Bonner Nuclear Laboratories 
Rice University 
Houston, Tex.as 

United States Depn.rtment of Energy 
Environmental Measurements Laboratory 
l.Tou y,...,.,..1,- Now YrYT•'lc 

Investigators 

H.I. ArtUz
G. Yurder

I.?,;. Dale 
J.D. Gross

J.W.R. Dutton 
C.W. Eaker
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INTERCALIBRATIOU OF ANALYTICAL METHODS 

ON HARINE ENVIRONP.ENTAL SAMPLES 

International Laboratory of Marine Radioactivity 
International At.Ohle Energy Agency 

Musee Oceanographique 
Principality of Monaco 

�iover.1ber 1978 

Trace element measurements on Sea Plant (SP-�-1) and Copepod (XA-A-I) (Supplement) 

The results of the preliminary sunrey, made on the trace element measurement 
data reported for sea plant (SP-M-1) and copepod (MA-A-I) before June 1977, have 
already been presented in Progress Report No. 15 (PR-IS). Since that time, further 
results have been received from a nuniier of laboratories. Altogether 132 labora­
tories received the sea plant and/or the copepod aample(s). As of end of September 
1978, 95 laboratories including those whose data had already been compiled in PE-15 
reported results. The present report gives the result of a survey made on the 
reported data, including those received after. the publicatio� of PR-15. 

Only individual results reported from 43 laboratories after June 1977 on the 
14 selected trace elements (as selected in PR-15) are given here as supplements. 
Tables land 4 (Cr, 11n, Fe, Co and Ni), Tables 2 and 5 {Cu, Zn, As, Se and Ag) and 
Tables3 and 6 (Cd� Sb, Hg and Pb) represent the supplements to the corresponding 
tables in PR-15. 

These additional 43 laboratories are listed in the Annex. The annex also . 
includes a list of the· laboratories which declined to report (30 September 1978). 

The abbreviations used in Tables 1-6 (su,plement) are: 

AAS:· Atomic Absorption NAA (chem): NAA with chemical 
Spectrophotometry separation 

A2,V: Anodic Stripping NAA (inst): NAA Instrumental 
Voltammetry 

ESM: Emssion Spectrometry 

MAS: Molecular Absorption 
Spectrometry 

NAA: Neutron Activation 
Analysis 

N.D.: Not detected or not determined due
to too low concentration. 

SPl-1: 

XRF: 

SSH$: 

Spectrophotometry 

X-Ray Fluorescence
Spectrooetry

Spark Source 
Mass Spectrometry 

Not Partic.: Not Participated 

The procedures adopted for compiling individual data are similar to those 
described in PR-15. 

Tables 7, 8 and 9 show ranges and overall 2:verages of all values reported for 
the 14 selected elements in the sea plant sample (SP-H-1); Tables 10, 11 and 12 are 
of the copepod sample (HA-A-I). In these tables, average values, obtained after 
rejecting outliers by applying Chauvenet's or Dixon's test, are also given. 
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Based on the standard errors associated vith these average value� corn;iuted 
after the rejection of outliers, the values for the following elements �re 
considered to be close to the "true conce!'ltra tions": 

SP-M-1: !·m, Fe, Ni, Cu, Zn 

MA-A-I: Fe, Cu, Zn, Cd, Hg 

For the remaining ele�ents, there is no euarantee that these average 
values are close to the "true concentrations 11, even though they t:!la.Y not be 
far off. 

Especially the values for the following elements have to be looked at 
with caution: 

SP-ti-I: Cr, Co, Ag, Cd, Sb, P.b

HA-A-1: Cr, Co, Ni, Ag, Sb, Pb 
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TA1·� 1 RESULTS OF TRACE ELEHENT ?:�SUREt-lEMTS ON THE SEA PLANT SAN'.PLE SF-lf,-1 
(Cr t ���, Fe, Co, Ni j1€/g-dry matter)

( SUPP�lENT) 

Code 
Method Cr Mn Fe Co Ni No. 

53 NAA 7 .50 :t(7%) 57. 7 ,:t( 4%) 1910 z(7%) 2 .58 ,:t( 7%) 
54 NAA(inst) 1900 ± 200 

N.AA( chem) 4.2 + 0.2 18o0 + 200 2.4 + 0.1 20 .:t 3 
·55 AAS 67.0 ,:t( 7 -9%) 
56 AAS 4.65 :!:: 0.50 1659 ;!: 52.60 13.36 :!: 1.59 16.98 :!:: 1.88 
57 AAS 

58 AAS 6 57 :t(2o-'fa) 6 z:(40';) 27 :tC 2�;) 
XRF 2170 :!::(l�) 
SSli:S 45 z(20-fo) 

59 AAS 77.3 ±(8%) 
• 60 AAS 5.6 .:!:: 0.3 1748 :!:: 198. 7 

61 AAS 

62 AAS 

ASV 

63 N.AA 4.12 .:; 0.44 60.2 :t: 4.0 1833 + 126 3.96 .:; 1.08 18.1 + 1.1 
64A AAS 59.85 ,:t(0.69%) 23.12 ;t(0.74%) 
64B AAS 

64c AAS 64.66 445.33 
65 AAS 

66 Not Pa.rtic. 

67 XRF 7.5 -+ l

68 AAS 22.01 :tC10%) 54.27 :tC5%) 1395-0;t(5%) 17 .12 ,:t(5%) 6.55 z(l0%) 
69 
70 AAS 55 z(<5%) 198o ;t(<5%) 2.9 ::(.;5%) 19.4 j:(<5%) 
71 AAS 2.7 ;t(22%) 48 ;t( 71�) 2000 :tC 8%) l.9 ,:t(21%) 15.2 :t(13%)
72 NAA 4.2 ;t( lo%) 2.2 ,:t(5%) 
73 NAA 6.4 ;!: 0.3 2.9 + 0.1

74 AAS 3.8 60.67 1697 l.73 14.53 

MAS 

75 Not Pa.rtic. 
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T.A.BLl: 1 ( continued) 

Code 
Method Cr Mn Fe Co Ni No. 

76 AAS 14.85 ;t 0.91 
'1"1 
I I AAS 16.09 ;t 0.24 

ASV 

78 AAS 

79 AAS 

8o NAA.(inst) 3.1 :t(lO'/o) 1680 :,t(5%) 2.18 z(lc,%) 
N.AA(chem) 

81 N.AA 

82 Em! 15.0 <4•2 21.9 
83 AAS 2.9 :!;(3%) 48.0 :i:(2%) 1171 ;:( 2i) 1.9 :!:< 17%) 15 .8 ;:(2��) 
84 <0-1 41 1630 0.9 8.7 
85 AAS 63.2 :!;(5%) 1961 +(5%) 

-

86A AAS 63 :!: 5 1660 :!: 25 29 :!: 5 42 :!: 5 
86.B AAS 10. 7 + o.a 58 :!: 7 1700 :!: 50 23 ! 9
86C .AAS 66 :!: 3 1810 :!: JO 24 + 6 38 :!: 3 
87 :mF 48 + 8 1150 :!: 170 17 :!: 4 -
88 XRP <6 56 z.( 15%) 2170 ::< 127�) 21 z< 15%) 
89 AAS 2.5 55.1 + 0.7 1794 :!: 253 <4-9 15 :!: 1.7 

S.PM 

90 AAS 78.6 + 2.1 2030 :46
91 AAS 

92 AAS 

9� AAS 

94 AAS 

95 AAS 64.6 :t(J.7%) 
A.AS 64.0 z:(4.1�) 



.,. 

Code 

No. 

53 

54 

55 

.56 
57 
58 

59 

60 
61 
62 

63 
64,l!. 

6413 
640 
65 

66 
67 
68 
69 
70 
71 
72 
73 
74 

75 
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RESULTS OF TR.ACE EU!ii:JNT h1:ASURE?'1filN'TS ON THI: SEA PLANT SAMPLE SP-Il-1 

(Cu, Zn, As, Se, Ag �/g-dry matter) 

( SU PPLElrliI:NT) 

Method 

NAA 

NAA(inst) 

NAA(chem) 

AAS 

AAS 

AAS 

AAS 

XRF 

Sst.IS 
AAS 

M-S 

AAS 

Af,S 

ASV 

NAA 

.AAS 

ilS 

Al.S 

AAS 

AAS 

XRF 

AAS 

AAS 

AAS 

NA.A 

NA.A 

AAS 

w.s 

ot Partic. 

Cu 

11.2 :t o.6 

3-30:!: 0.112

16 .:tC2o%) 

18.6 z(20%) 
11.5 z(5%) 
13.2 :!: 1.13 
9 .6 :t(5. 75'C-) 

10.2 + 1.0 

Zn 

81 ±C7,�) 
65 + 8
66 :t 5 
94.6 :!:(2.1%) 

63.67 :!: 1.01 

64 ;t( 15%) 

81.3 z(��) 

54.3 + 2.0 

69.9 .:!: 4.5
13.50;:(o.52%) 57.51 z(1.03%) 

44.34 

17 :!: 3 65 :!: 5
9-24j:(5%) 51.24 j:(5%) 

12.9 ::(<5%) 59.4 :tk5��)
22 ::(24%) 73 :(117�) 

10.8 58 

As Se Ag 

-

3.2 + 0.2 0.19 ,:t 0.02 

1.7 z(307;) 

4.9 :t< 20'-/o) 1.3 z(2o%) 

1.93 :t< 15%) 

0.12 ,± 0.03 
1.25 :t(.3. 73%) 

2 .61 ::C 88?�) 

0.4 
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TABLE 2 (continu�d) 

Coda 11ethod Cu Zn Se Ag No. As 

76 AAS ll.7 + 0.22 66.o :t 0.29
77 AAS 13.6 

ASV 9.32 

78 I .AAS -

.79 AAS 

8o NAA(inst) 78 ±(10%) 
NAA.(chem) 2.55 ±(5%) 0.11.4 .:t< 10'}�) 

81 NA.A 

82 DI 9.0 

83 JV'.S 11.2 ;t(1%) 60.9 :!:(2}�) 
84 10.2 37 <l <1 
85 AAS 14.7 z(5%) 66.2 ;t(5%) 
86A AAS 17 + 1 70 + 2

86] MS

86c AAS 13 + l 60 + 2

87 XRli' 14 :!: 3 55 :!: 9 13 .! 3 3 + l
88 XRF 13 ±< 20o/;) 67 ;:t( 121�) 2.8 j:(20%) <2

89 AAS 13.7 .:!: 3.1 53.3 + 1.8 1.2 
SFM 3.4 .:!:. 0.14

90 AAS 12.1 + 0.2 62.6 + 2.1

91 AAS 1.584:!:( 11.11%) 
92 AAS 

93 A.AS 

94 AAS 13.39 :!: 0.27 67.06 :!: 0.33 

95 AAS 21.4 ±< 7 .37�) 108.0 ±(8.6%) 
AAS 10.5 j:(1.6%) 100.7 .::< 1. 7%) 
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TJ...ELE 3 RESULTS OF TRACE �l'T KEASURDIBMTS ON THE SEA FLA.� S11.MPLE SP-I-i-l 

(Cd' Sb, Hg, Pb ;u8/f!:-<ll'Y matter) 

( SU?PLEMEN'T) 

.,. Code :Method Cd Sb Pb 
No. 

53 NAA 0.53 1(12%) 
54 NAA(inst) 

?IA.A ( chem) 0.35 ! 0.03 0.49 :!: 0.08 0.34 ! 0.03 

55 AAS 0.43 z(S.1%) 0.36 1(1.1%)
56 AAS 0.251 ± 0.014 0.289 :!: 0.02.3 1.29 ! 0.08 

57 AAS 0.20 ± 0.03 0.57 + o.o6. 15.7 ! 1.3
58 AAS 1 ±(So%) 2.2 ;t( 30-;b) 

XRF' 

SSMS 21.1 :t< 205;) 

59 AAS 1.09 ;t(6%) 0.357 ;t(6%) 28.1 ;t(8%) 
60 AAS 0.18 + 0.01 10.5 :!: 2.25 
61 AAS 0.44 :tC 10.8';b) 0.223 :t(l5.2%) 11.9 ;t( 6.4%) 
62 AAS 0.43 :!: 0.05 0.18 :!: 0.04 

.ASV 15.2 + 2.0
63 NAA o.S"oio o� 0.85 
64,A MS 23. 79 z(1.os%)
64E AAS 0.053 :!: 0.005 24.13 :!: 0.13
640 AAS 3.42 0.05 45. 78
65 AAS 0.4765 

._ 
66 AAS 
67 XRF 

68 AAS 19.60 :t(1C%) 
69 
70 .AI:$ 0.36 ,!(<51�) 15.8 ;!:(<5%) 
71 AAS 0.40 ±<20;) 0.72 ;!:(28%) 
72 NM 1.3 ±C 321�) 
73 NA.A 

74 AAS 0.4 0.38 17 .27 
)lAS 

75 Not Pa.rtic. 
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TABLE 3 ( continued) 

Code 
Method Cd Sb Pb 

No. 

76 AAS 0.347 z 0.032 14.7 ;!: 0.78 
11 AAS 0 .. 483 0 .. 336 :!: O.J.40 17.5 

ASV 0.306 14.6 

�8 AAS 0.69 0.27 

79 AAS 0.190,: 0.032 
80 N.AA(ins-t) 

NAA(ohem) 0.30 ::(l0"/4) 0.31 :!:(5%) 
81 HA.A 

82 51 

83 AAS 0.31 :!:(14%) 16.8 ::(6%) 
84 <l 0.444 6 
85 .AAS 

86A AAS 

86B AAS 0.23 ± 0.05 0.40 :!: 0.03 
86c AAS 0.210 :!: 0.030 

87 XRF 

88 XRF 28 z.( 15%) 
AAS <le2 0 .. 241 ± 0.020 l2 + 0

SFM 

AAS 0.310 :!: 0.015 

A.AS 0.362 :!: 0.009 
91 AAS 0.953 z.(6.5%) 0.661 :!:(4 .. 36%) 
92 A.AS 0.249 :!; 0.0022 

93 AAS 1.25 + o.06 0.41 :!: 0.05 13.5 :!: 3 .o
94 AAS 

95 AAS 
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TJJ3Ll::: 4 IlliSULTS OF TRACE r::LE!:iENT MEASURn!ENTS ON THE COPEPOD SAMPLE MA-A-1 
(Cr, Mn, Fe, Co, Ni�/� matter) 

( SOPPLlim!NT) 

• Code 
llethod Cr Mn Fe Ce Ni No. 

53 NAA 2.59 ;t(5%) 66 z(7%) 0.18 ;:t(5%) 
54 NAA(inst) <10 

NAA(chem) 0.23 .± 0.03 59 ±9 0.12 .:!: 0.01 1.5 ± 0.3 
.55 AAS 3.00 ±(6%) 
56 Al.S 2.57 .± 0.34 58 ± 2.3 .l.27 :!: 0.19 2.52 ± 0.34 
57 AAS 

58 ot Pa.rtic. 

59 AAS 3 .. 93 ::< 8%) 
.60 AAS 1.43 ! 0.38 88.2 .:!: 13.3 
61 AAS 69.1 :!:(4.6�i) 
62 AAS 

ASV 

63 NM 54.7 ! 3.5 0.42 .:!: 0.07 
64,A At.S 2.90 1(1. 79%) 1.618z( 5. 09%) 
64B AAS 

64c AJ;.S 0.91 35.29 
65 us 

66 AAS o.88 3.11 48.43 
67 XRF 3.5 ± 0.5 62 :!: 5 
68 AAS 2 .62 ::( l<Y/4) 3.23 ,:t(5%) 38.2 :!:(5%) 6.17 ,:t(5%) N.D.
69 Oli Partic. 

70 AAS 1.9 _:(<5%) 40 :t(<5%) 0.3 ::(<5%). 1.5 ;!:�5%) 
71 AAS 29 z(15%) 0.13 ;:(25%) 
72 NAA 0.14 ::(49%) 
73 NAA 1.5 + 0.2 0.59 ± 0.04 
74 At.S o.8 6.07 76 < 0.2 1.1 

MAS 
75 NAA 67 .:!: 7 0.17 :!: 0.02 

AAS <l 5.2 :!: 0,3 46 .:!: 7 6.o 3.2 + o.6
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'l'L.13LB 4 ( continued) 

Cod. �lethod Cr Mn Fe Co Ni No. 

76 AAS 0.96 ! 0.04 

77 MS 2.91 :!: 0.26 
ASV 

78 f.Juj 

79 AAS 

8o NAA(inst)<0.5 0.049:::( 15%) 
NAA(chem) 

81 NA.A 

82 ESt� <1.8 <1.8 · 2.9 
83 Al�S 0.40 ::Ca%) 3.1 ;!(2yo) 78.0 ::(2%) 0.14 3(2c%) 1.4 :;(lo%) 
84 l <O.l 2.7 49, <.0.5 l.7

85 �ot Partic. 
ot Pa.rtic. 

87 XRF 59 :!: 13 
88 XRF <6 <4 58 :t< 205�) <2 

89 AAS . <1.2 2.44 .:t 0.24 59.6 ,! 2.2 <4•7 <:2.4 

SPM 

90 At.S 2.49 :t 0�17 58.3.:: 3.0 

94, AAS 

92 .AflS 

93 AAS 

94 AAS 

95 AAS 3.8 ;t(l0.5%) 



Cod 

No. 

53 
54 

55 
56 
57 
58 

59 
60 
61 
62 

63 
6 

66 
67 
68 
69 
70 
71 
72 
73 
74 

75 
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TABLE 5 lL:;SULTS OF TR.t..CE EUl!ETvT }.00;.™lli:N'TS ON TID:: COPEPOD SJJ,IPLE ?M-A-1 
( Cu, Zn, As, Se, Ag �/g-dry matter)

( SUPPIDiENT) 

itethod Cu Zn As Se 

NAA 7 .43 :t( 4�) 191 ,!(3%) 
NAA(inst) 160 ± 13 
NAA(chem) 7.1 ± 0.4 165 ± 11 8.2 ± 0.7 3.4 + 0.2 
AAS 9.53 ±C4-3%) 174 ±< 7 -6%) 
AAS 4.49 ± 0.19 173 :!: 3.4 
MS 

ot Partic. 
AAS 8.38 :!:(5%) 223 ±(8%) 
AAS 7.6 .:!: 0.42 
AAS 7.54 ,:t(6.2%) 0 .. 44 
A.AS 5.5 .:!: 0.5 151.6 ! 5.0 
NAA 147 .:!: 4.7 1.32 ! o.o6 

,!(22.7%) 

Ai1S 7.96 ±<0.29%) 182.54±(1.77%) 0.447 1(13.42%) 
At...S 

AAS 62.84 
AAS 
AAS 6.74 146.38 1.04 9.4 0.47 
XRF' 9 +2 165 :!:5 
AAS 5 .99 :tC55'�) 219. 71±(5��)

AAS 8.2 ,:(<5%) 162 :i;(<5%) 
AAS 12.5 ,!(.30%) 156 :< &fa) 

NAA 139.4 .:tC9%) 3.11 ;!:(45%) 
NAA 

AAS 7.47 151.7 
MAS 3.0 
NAA 133 .:!: 13 2.8 :t 0.3 
AAS 4. 7 .:!: 0.4 141 ;:4

·.·-
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TlJ3lli 5 ( continued) 

;�, 
Method Cu Zn As Se 

I 192.0.: 0.81 76

1 

AAS 7.5 ! 0.15

77 AAS 6.9 
ASV 6.93 

78 AAS 

79 AAS 

Bo NAA(inst) 

NAA(chem) 7.4 z(5%) 2 .03 ±C 10:-/4) 
81 NM 

82 ]:3M 4.7 

83 AAS 7-39 161 ;t( 2%) 
84 6.8 l26 ,<1 <l 
85 ot Partic. 

86 ot Partic. 

87 XRF 11 :;4 153 :!: 31 
88 XRF 6.7 j:(20%) 163 ::< 157�) 4.7 -:,( 15%) 4.4 ±_( 15%) 
89 AAS 8.23 :!: 1.42 147 ! 7 <1.2 

SPM 6.14 :!: 0.34 
90 AAS 6.92 :!: 0.23 174 + 2.6

91 AAS 4.250 z(2.9%) 
92 AAS 

93 AAS 

94 AAS 7.22 ± 0.40 172 ·99:!: 1.32 

95 AAS 16.3 -:,.(7 .6%,) 118.l z(6.5%) 



- 85 -

TA13LE 6 RESULTS OF TR.II.CE EL&!EN'l' l',�stJRE!,m:t-TTS ON TEE COPEPOD SAMPLE YJ.A-A-1 
(Cd, Sb, Hg, Pb r/f!,-dry matter) 

( SUPPL.011:NT) 

Code Method No. Cd Sb Pb 

53 NAA 0.64 :!:< 6%) 
54 NAA(inst) 

NAA(chem) 0.72 :!: 0.09 0.027 :!: 0.008 0.27 :t 0.03 

-55 AAS 0.90 z(B.8%) 0.31 :!:(5%) 0.73 z(l8.5%) 
56 AAS 1.09 + 0.08 0-4342:t 0.034 o.86 :!: 0.07
57 AAS 0.65 :!: 0.07 0.32 :!: 0.03 21.0 :!: 1.5
58 Not Partic. 

59 Al.S 0.83 :!:( 6%) 0.301 =.< 6%) 10.1 :!:( 87;)
60 AAS 0.34 :!: 0.071 1. 73 :!: 0.03
61 AAS 0.893 :!:(29,7%) 0.258 :!:(16.3%) 0. 886z( 26 -2%)
62 AAS 0.71 :!: 0.07 0.31 :!: 0.03 

ASV 0.9 + 0.2 
63 NAA 
64,A MS -- 3.09 :!:(4.02%) 
6@ AAS 0.038 :!: 0.005 3.58 :t 0.005 
64C AAS 2.56 0.12 8.58 

65 AAS 0.5208 
66 A.AS 1.04 0.295 5.6 
67 XRF 

68 AAS 4.21 :!:( 1�) 
69 
70 At.S o. 73 :tC<5%) 1.0 +(<51�)

.,. 

71 AAS 0.52 :t(l5%)
72 NAA 

73 N.AA 

74 AAS 0.6 0.42 5 
1,1AS 

75 NAA 0.24 + 0.08 
AAS 0.52 + 0.10 0.39 :!: 0.05 �7 
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TABLE 6 (continued) 

Code 
Method Cd No. Sb Hg Pb 

76 AAS 0.235 ! 0.033 1.2 :!: 0.14 
77 AAS 0.67 ± 0.10 0.368 ± o.oeo 0.77 

ASV .. 0.584 

78 AAS 0.98 0.10......., o.66 

79 AAS 0.195 z 0.005 
8o NAA(inst) 

NAA(chem) 0 .041 :t< 15%) 0 .236 :t(5%) 
81 NAA 
82 Em! 

83 AAS 0.71 ::(5%) 2.4 :;(22%) 
84 <l 0.248 <2 
85 Not Pa.rtic. 

86 Not Partic .. 

87 XRF 

88 XRF 4-3 :t;( 15%)
89 AAS <l.2 0.163 :t 0.017 <4• 7 

SPM 

90 AAS 0.28o :!: 0.029 
AAS 0.270 + 0.020 

91 AAS 0.454 ,:!:(2.151i) 0 .440 :t;( 10. 56f�) 
92 AAS 0.129 :!: 0.0074 

93 AAS 0.71 + 0.01 0.32 + 0.02 2.98 :: 0.13 
94 AAS 

95 AAS 
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TAJ3I.£ 7 OVERALL AVERAGES .AND AiraRAGES AFT".l!l'{ CH.AUVENET AND DIXON'S TESTS 
FOR T.HE RESULTS REPORTED FOR Cr, Mn, Fe, Co .ANil Mi MEASURil!ENTS 

ON SEA PLANT SAMPLE SP-M-1 

... 

Element Cr Mn Fe Co 

of reported results 
* 

43 56 57 36 

Range re:r•rted l - 22.01

( ;ug/�ry) 
40.3 - 100 445.33 - 3334 0.9 - 29 

-!Ht 

5.2 + o.6 60 + 2 Overall Average 1750 + 50 5 + l 
(�/g-dry) -(12%) -(3.3%) -(2.9%) -(20%) 

Cha.uvenet I s Test 

No. of results 39 53 55 28 accepted by the test 
58 + l A.verage 4.3 + 0.3 1750 + 40 2.3 + 0.2 

(�/g-dry) -c 7 -Cf/�) -(1.7%) -(2.3%) -( 8. 7%) 

Dixon' e Te st 
No. of results 
accepted by the test 42 56 56 32 

4.8 + 0.4 60 + 2 2.8 + 0.3 Average 1730 + 40 
Crlg-a.r:r) -c 8.3%) -(3.3%) -(2°3%) -(11%) 

Results showing only detection limits of methods used are not included. 

The standard deviations given are 1 a-for mean ( stand.a.rd error). 

Ni 

38 

6.55 - 42 

20 + l 
-cs.a%

34 

18.6 + o. 7 
-c,.8%

38 
20 + l 

-(5-0% 
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TABLE 8 OV _;.fil.LL A VI::RAGES AND A VER.AGES AFI'UI. CRAUVE'l'ET AND DIXON'S TESTS 

FOR Tlil:: RESULTS REPORT"Ji!D FOR Cu, Zn, As, Se .AJ.'lD Ag l•�SUR.EL-�""'fl'S 

ON � PIJ<lfr SAMPLE s:p.-i� l 

Element 

* 

No. of reported results 

Range reported 
( /g-<lry) 

... 

Overall Average 

(j'1€/g-4ry) 

Chauvenet's Test 

No. of results 
accepted by the test 

Average 

(�/�) 

Di:::on's Test 

No. of results 
accepted by the test 

;t-M, 

Average 

(;u'57g-dry) 

Cu 

67 
3.30 - 43 

66 

12.6 + 0.4 
-(3.2%) 

Zn 

75 

1.584 - 225 

74 

21 
0.4 - 13 

16 

19 

3.5 + 0.3 
t8.6%) 

Se 

12 

0�114 - 3 

11 

11 

0.16 + 0.01 

-(6.3%) 

Results showing only detection limits of the methods used are not included . 

The stand.a.rd. deviations given are l c:rfor mea.n ( stand.a.rd. error) . 

15 
0.46 - 8.o 

13 

14 

1.3 + 0.2 

-(15%) 
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TJ..BLE 9 OV.:.:RALL AVERAGES A1ID A�GES AFTER CHAUV�fl!.'T AND DIXON'S TESTS 

FOR '!'HE RESULTS REPORT� FOR Cd, Sb, Hg AN.D Pb MEASUR.El'.iENTS ON 

SEA PLANT SAMPLE SF-M-1 

Element 

* 

No. of reported results 

Range reported 
( /g-dry) 

** 

Overall Average 
Cr/g-o.ry) 

Cha.uvenet's Test 

No. of results 
accepted by the test 

-!I-Ii­

Average 

(�/g-dry) 

Dixon' s Test 

No. of results 
accepted by the test 

� 
Aver�e 

(�/g-d.ry) 

Cd 

46 

0.113 - 24 

39 

45 

0.7 + 0.1 
-(14%) 

Sb 

15 

0.30 - 1.3 

l-4 

15 

0.65 + 0.06 
-(9.25�) 

48 

50 

Results showing only detection limits of the methods used are not included . 

'nle stand.a.rd deviations given are la--fcr mean ( standard error). 

Pb 

49 

0.72 - 45.78 

48 

49 



No. 
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T.ABLB 10 OVERALL A TJEIU.Gi::S AND A Vl:llAGES AFTER CHl�UVJ::!·l'l:."'T lll!D DIXON I S 1"..:JSTS 

.FOR THE RESULTS Rb'POilT� FOR Cr, lln, Fe, Co A!ID !-ri t::EASURJ:l:IDTTS 

ON COPEPOD SANPLE MA-A-1 

Element Cr 

of reported resulta r 21 

Range reported .083 - 6.90 
c L!._I g--0.ry) 

a 
Overall Average 1. 7 + 0.4

(�/g-dry) '(24%) 

Chauvenet's Test 

No. o:f results 18 
accepted by the test

-!HI-

1.1 + 0.2 Average 
<F/g-dry) -(18%) 

Diion's Test 

No. of results 19 
accepted by the test 

if+ 

1.2 + 0.2 Average 
<�lg-dry) -(17%) 

!t'l Fe Co 

34 46 22 

0.83 - 9.3 29 - 134 0.041 - 6.17 

61 + 3 3.2 + 0.3 0.9 + 0.4 
-(9.4%) -(4-%) -(44%) 

31 45 14 
2 .9 + 0.2 60 + 2 0.12 + 0.01 

-(6 .9%) -(3.3%) -(8.3%) 

33 45 18 

3.0 + 0.2 60 + 2 0.20 �- 0.04 
-(6.7%) -(3.3%) -(20%) 

Results showing only detection limits of the methods used are not included. 

The standard deviations given are lc--for mean ( standard error). 

Ni 

22 

0.96 - 4.3 

2.0 + 0.2 
-c (f l(Jio

,. 

21 

1.9 + 0.2 
-(11%) 

22 

2.0 + 0.2 
-(10%) 
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TABLE 11 OVERALL A V'.1:RA.GlJ:S .A.ND ll. VEUAGI:S J.FT.Lli CHAUV-.iil-l'ET JiJU) DIXON' S T.li:STS 

FOR Tllli HESULTS Iu::PORT".il!D FOR Cu, Zn, As, Se AlT.D Ag :V.Et.SUH.arIENTS 

ON COPEPOD SAlrlPLE MA-A-1 

Element Cu 

* 
No. of reported results 56 

Range reported 4.49 - 16.3 

(�/g-dry) 

-M--1!-

0verall Average 

(�/g-d
r

y)

Chauvenet's Test 

No. of results 
accepted by the test

� 
Average 

(�/g-dry) 

Dixon' s Test 

No. of results 
accepted by the test

-If+ 

Average 
<rJg-dry) 

54 

7 .6 + 0.2 
-(2.67;) 

55 

Zn 

66 

60 

65 

159 + 3 
-c 1.9%)

As 

19 

19 

6. 7 + o.6

-(9-0%)

Se 

15 

l.32 - 9.4

3.4 + 0.5
-(15%) 

14 

14 

*
Results showing only detection limits of thc.mt!thods uscrli·arc not included.

** The stand.a.rd deviations·· gi v,an a.re l er-for mean ( standard error).

Ag 

12 

0.07 - 1.48 

10 

11 

0.38 + 0.08 
-(21%) 



No. 
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TABLE 12 OVEl.l.A.11 AVEru,G.!!:S .ilID /:.VJ,...::;.{AGJ.J;S APl'ER CHtJJVN�T AND DIXON'S TESTS 

FOR TH.:: RESULTS R:;POU� FOR Cd, Sb, Hg AND Pb ?!EASlllill.:ENTS ON

COPEPO:!) SA.HPLE 11!..-A-l 

Element Cd Sb Hg 

of reported results 4.3 43 
Range reported 

( f-€1 g-dcy)
0.34 - 3.01 0.012 - 0.19 0.038 - 3.6 

** 
0.85 + 0.07 0.07 ·.;. 0.03 Overall Average 0.35 + 0.08 

(�/g-dry) 
-( 8.2%) -(43%) -( 23%) 

Chauvenot's 't'cst 

No. of results 
41 8 40 accepted by the test 

� 
0.75 ± 0.03 0.28 + 0.01 Aver;,e 0.01 + 0.03 

(� g-dry)
(4.0"/4) -(43%) -(3.6%) 

Di.xon' s Test· 

No. of results 41 8 42. accepted by the tes1: 

0.75 + 0.03 0.07 + 0.03 0.21 + 0 .. 02 Average 
(�/g-dry) -(4-0%) -(43%) -(7 ,4%) 

*·

Results showing only detection limi�s of the methods used are not included. 

The stand.a.rd deviations given are 1 tS-for mean ( standa..-..d. error).

Pb 

35 

0.584 - 21.0

3.8 + o.8
-(211�) 

30 

2.1 + 0.3 
-( 14%) 

33 

2.8 + 0.5 
-(18%) 
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ANNEX LIST OF PARTICIPATING lJtBORATORIES 

( SUPPLl!!IlENT) 

A - Laboratories which reported the results (30 September 1978) 

Algeria 

C.R.O.P.
Alger

Belgium 

Antwerp University (U. I .A.) 
Wilrijk 

Brasil 

Ineti tuto de Quimica da U .F .B� 
Salvador, Bahia 

Canada 

Barringer Research Limited 
Re:xdale,-Ontario 

Vancouver Inspection Laboratory 
Vancouver, :British Columbia 

Service de Protection de l'Environnement 
Complexe Scientifique 
Ste-Foy, Quebec 

British Columbia Research 
Division of Applied Biology 
Vancouver, British Columbia 

C:yprus 

Ministry of Agriculture 
and Natural Resources 

Fisheries Department 
Nicosia 

Denmark 

PL M - Haustrup 
Oiense 

Finland 

Helsinki University of Technology 
Department of Chemistry 
Espoo 

Investigators 

R. S0mroud
D. Siblot
A. Aissi

R. Va:n Grieken
L. Van 't dack

T. Tavares

F.N. Abercrombie 

R.E. Drew 
T. Klopp

C. ·Gignac

J .H. Leach 
G.T. Marsh 
H. Lanz
M. Lewis

L. Chung

A. Demetropoulos
L. Nicolaidou

R. Mazzone
S. Bladt

I. Yliruokanen
P. lf.inkkinen
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France 

Laboratoire Central d'H.ygiene Alimentairc 
Paris 

Laboratoire SOLAIGUE 
N!mes 

Centre d'h"'tudes Nucleaires de Grenoble 
SCA - GRA 
Grenoble 

German,y (Federal Republic of) 

Chemisches Landes-Untersuchungsamt 
MUnster 

Institut fur Chemie 
JUlich 

Greece 

University of Thessaloniki 
Department of Food Hygiene 
Thessaloniki 

Aristotelian University of Thessaloniki 
Laboratory of Analytical Chemistry 
Thessaloniki 

India 

Tarapur Atomic Power Station 
Environmental Survey Laboratory 
Thana_District (Maharashtra)

Israel 

Isra�l Oceanographic & Limnological Rese.:trch Ltd. 
Haifa 

Italy 

Laboratorio Contaminazione Continentale 
Roma 

Istituto di Zoologia e Anatomia Comparata 
Messina 

Universita di Genova 
Istituto di Chirnica Generale 
Genova 

Istituto di Anatomia Comparata 
Laboratorio di Idrobiologia 
Siena 

Investigators 

G. Cumont
M. Feinberg

J. Laporte
G. Kovacaik

L. Laverlochere
J. Diebolt

P. Gault

H. Baumann
W. Becker

?,1. Stoeppler 

A.G. Panetsos 
S.A. Georgakia 

G. Vasili1d.otis
E. Christou
N. Voulouvoutis

I.S. Bhat
R.S. Iyer

O.H. Oren 
H. Hornning

A. Barocas
G. J.lastinu
F. Pompei

A. Bolognari
L. Mojo
G. Martino
s. :Martella

R. Capelli
G. Zanicchi
A. nanchi
B. Fc!.ssone

A. Renzoni
E. Eacci



Italy (contd.) 

Joint Research Center 
Eu.ratom - CCR 
Ispra 

Korea 

Inha University 
Inchon 

Malta 

The University of Mal ta 
Chemistry Department 
Maida 

Netherlands 

Interuniversitair Reactor Instituut 
Delft 

Norwa.y 

Institutt for Atomenergi 
Kjeller 

Poland 

Zaktad Oceanologii PAN 
Sopot 

South Africa 
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National Institute for Wa.ter Research 
c.s.I.R.

Congella, Natal 

Switzerland 

Ei.dg. Institut ftir Rea.ktorforsohung 
WUrenlingen 

Thailand 

Office of Atomic Energy for Peace 
Bc-mgkok 

Turkey 

Hydrobiological Research Institute 
Istanbul 

Middle-East Technical University 
l)epartment of Marine Sciences 
Ankara 

Invest� g;ators 

C.J. Toussaint
L. Roncari

S.Y. Kim 

A.P. Storace 

J.P.W. Houtman 
P.S. Tjioe 
J .J .ii. de Goei j 
M. de Bruin

E. Steinnes
O. Johansen

R. Bo janowsk:i

W .]) • Turner 
E. Engelbrecht

A. Wyttenbach

M.L. Anong Nilubol

M.I. ArtUz
G. Yurder

T.I. Balka.s
S. Tugru.l
G. Tun9el
M.A. Ozkan
G. Ra.melow



U.S.A. 

U.S. Environmental Protection Agency 
Environmental Resc,)rch Lcboratory 
Narragansett, Rhode Island 

Suvarmah River Ecology Laboratory 
Aiker, South Carolina 

Science Applications, Inc.

San Diego, California 

N.Y. State Department of Health 
Division of Laboratories and Research 
Radiological Sciences Laboratory 
Albany, New York 

Harbor Branch Foundation, Inc. 
Fort Pierce, Florida 

Cornell University 
Department of Chemistry 
Ithaca, New York 

Laboratory of Radiation Ecology 
College of Fisheries 
Seattle, Washington 

Woods Hole Oceanographic Institution 
Woods Hole, Massachusetts 

u .s.s.R.

Institute of Biology of South Seas 
Sevastopol 
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] - Laboratories which declined to report (30 September 1978) 

Belgium 

s. C .K.
Radiobiology Department
Geel

Brasil 

LABASIC 
CE.PED 
Cama9ari (Bahia) 

France 

Centre d'Etud.es Nucleaires de Grenoble 
S .E.A .P. C. 
Grenoble 

Investigators 

E.W. Davey 
P. Rogerson
W. Gallowcy
G. Hoffman

D.W. Evans
M. Babcock
J. Garvin

N. Hansen

J.M. Matuszek
R.C. Thompson

J.R. llontgomery 
·M.W. Hucks
G.:H. Peterson

R.J.. Na.dkarni

W.R. Schell 
.A. Nevissi 

G. Thompson

L.G. Kulebakina
A. Ya. Zesenko
L.I. Rozhanskaya
O.B. Spirand.y

O. V;:m der Borght

B. Donnier

R. Eourguillot



France (contd.) 
- 97 -

Laboratoire d 1 0oeanographie Physique 
Villefranohe-sur-mer 

Centre d'Etudes Nucleaires de Saoley 
DRA - SAECNI 
Gif-sur-Yvette 

Centre d'Etudes Nucleairos de Saclay 
Laboratoire P. SUe 
Gif-sur-Yvette 

Germany (Federal Republic of) 

Institut rur Werkstofftechnologie 
Geesthacht-Tesperhude 

India. 

Institute of Science 
Inorganic and Nuclear Chemistry Laboratory 
.Bombay 

Portugal 

Laboratorio ¢e Fisica e Engenha.ria Nucleares 
Sa.cavem 

South Africa 

Atomic Energy Board 
Chemistry Division 
Pretoria 

Switzer la.nd 

Varian .A.G. 
Zug 

United Xin.gd.om 

Scottish Universities Research &Reactor Centre 
East Kilbride 

U.S.A. 

Scripps Institution of Oceanography 
La Jolla, California 

College of Marine Studies 
Newark, Delaware 

Environmental Trace Substances Center 
Columbia, Missouri 

U.S. Energy Research&:Development Administration 
Analytical Chemistry Division 
New York, New York 

Investigators 

P. Courau

Ch. Engelmann 

S. Mey

P.H. Keske 

B.C. Haldar

M.A. Gouvei'a

R.J.N. Brits 

M.D. Mayhew

R. Wellum

T. Chow

W.P. Conwey 

J.R. Vogt 

G.A. Welford 
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PROGP.ESS P�PO�T No. 20 

INTEP.CALIB'P.ATION OF A...'U.LYTICAL �!ETH.ODS 

m1 Y.AR.INE EWlIJ!.ON?!ENTAL SM�LES 

International Laboratory of �(arine t>adioactivity, IJJ!.A 
l!usee Oceanographique 
Princi!)al it? of �-tonaco 

April f980 

Trace Element: �1e.asurements on Fish-flesh Sa!'!Ole (HA-A-2) (Supr,lement) 

The prelimina,:y,survey of the analytical results re?orted bef�re October 1978 
on the fish sariple (HA-A-2) hss already been conducted and its results were presented 
in the Progress Report No. 18 (PR-18). At that ti::ne the su't'V'ey was carried out on 
the results reported �y 56 pttrticipating laboratorias. Since then 25 additional 
laboratories reported their data by the end of March 1980, Thus, among 116 laboratories 
which received the sample, 81 sent in the results up to now, while 18 declined to 
re�ort. Although the results of 25 additional laboratories are available at present, 
only those of 21 laboratories have been included i� the present report owing to the 
late arrival of the rest for the inclusion in the computations. The individual results 
reporud by these 21 laboratories are listed in Table I (Cr, Mc., Fe, Co, :H), Table 2 
(Cu, Zn, As, Se, Ag) and Tabla 3 (Cd, Sb, Hg, Pb), •-1hich su-p-pleoent the corres-ponding 
tables given in PR-18, The abbreviations used in these tables for the analytical 
methods adopted by the individual laboratories and the procedures.ernruoyed 
for compiling individual data are similzr to those ziven in PR-18� ·A supvlenentary 
list of participating labor�tories (21 laboratories) is also attached. 

Tables 4, 5 and 6 show net-1 ranges and overall averages including the values 
presented in PR-18 as �,ell as the ?resent report. for 14 trace elements. In these tables, 
the average values, obtained after rejecting outlaying results by applying Chauvenet's 
or Dixon's tests, are also presented. 

Based on the standard errors associated with th� average values coffl!.)uted after t�e 
rejection of outliers, these average values (consensus values) for Hn, Fe, Cu, Zn, As 
end Hg are considered to be close to the "true concentrations 11

, �'hen the standard 
errors of the aversges are �ithin a range of: 5%, past experiences demonstrated that 
the "consensus values" COt:IpUted in the t:ianner described above are in good agreement 
with the "probable concentrations" cot:7puted on the basis of the results obtained by 
reputed laboratories. 

The standard errors of the "consensus values" obtained by applying Cbauvenet's 
test and/or Dixon's test for Cr, Co, Ni, Se, Ar,, Cd, Sb and Pb exceed+ 10%, This 
indicates that the scatter of the reported values is larger for these ;lenents, so 
that the average values are not guaranteed to be close to the "true concentration", 
although they may be not very far off. Es�ecially, the average values for Co, Ni, Se, 
Sb and Pb should be regarded with caution. 



T.Al3LE l 

Code 
Method 

No. 

57 AAS 

58 AAS 

NAA 

59 .AAS 

60 NAA 

61 AAS 

62 NAA 

63 AAS 

64 NAA 

65 AAS 

66 AAS 

67 AAS 

68 AAS 

69 AAS 
70 AAS 

71 AAS 

72 AAS 

73 AAS 

NAA 

74 DPP 
ASV 

75 AAS 

76 AAS 

77 AAS 
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RESULTS OF TRACE ELD!ENT .t,@,SUR.ll�TS ON THE FISH FLESH Sl.JIPLE MA-A-2 
(Cr, Mn, Fe, Co, Hi ;115/� ma.tter)

(SUPPLEMENT) 

Cr Ym Fe Co Ni 

0.99 :t 0.05 
4.6 ± 0.79 1.23 :t 0.09 56.9 :tl4•5 0.057 :t 0.11 
1.7 1�24 50 + 2 <l.O 

1.0 ! 0.4 o.6 55.0 :!: 7.0 
0.85 :!: 0.07 66.20 :t 1.15 <.:l.6 

1.23 :t 0.13 0.51 :t 0.02 56.2 + 2.0 0.049 :t 0.003 

<l <l 57 ;t( 10%) 0.090 ;t( 107;) 

<3 --c:l.5 57.5 :t 2.5 <3 -<-3 

0.84 1.55 85.5 1-45
18.6 
32.0 

2.8 3.0 48.4 2.3 -

0.34 :t 0.05 0.91 :t 0.1 52 ! 4 0.095 :t 0.01 1.3 + 0.2

0.259 0.507 

0.46 34.8 
o.86 + o.06 43.09 :t 1.52 0.65 :t 0.03 



T.A.i311; 2 

CJ<ie Meth,d 
No. 

57 AAS 

58 AAS 

NAA 

59 AA3 

60 N.AA 

61 AAS 

62 NAA 

63 AAS 

64 NAA 

65 AAS 

66 AAS 

67 AAS 

68 AAS 

69 AAS 

70 AAS 

71 AAS 

72 AAS 

73 AAS 

NAA 

74 D?? 

ASV 

75 AAS 

76 AAS 

77 AAS 
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!GSULTS OF TRACE ELll�lT bi.1!1ASURl:l-lENTS ON Tllli FISII F'Lli:SH SfJ4PLE MA-A-2 

(cu, Zn, As, Se, Ag /ug/g-dry mn.tter) 
( SUPPLlliclIT) 

Cu Zn As Se Ag 

9 .3 32. 7 + 2.0

10.6 ::!: 1.40 31.8 -z.( Jo%) 7.3 :!: 0.59 11.3 + o.66 
6.5 + 0.2 32 + l

4.30 ::!: 0.30 35.20 :!: 0.29 

3.2 + 0.2 34.0 :!: 0.4 2.64 .:!: 0.12 1.27 ! 0.07 

6.1 :t(20%) 33 _:(5�;) 3.5 :t< 10'/o) 1.6 :_:(205'-) <0.3 

3-178:: 0.194 40.91 :!: 7 .35 2.34 + 0.164 0.34 + 0.104

4.5 :: 0.4 34.5 + 2

0.50 29.4 
l.l 4.0 

4.6 :!: 1.24 25 ,l + LO

9.6 27,8 

3-9 ::!: 0.3 31 + 3 l.l 0.093:: 0.01 

3.2 192.00 
4.68 + 0.36 4i.1 + 1.7 
4.09 ! 0-3.3 35.73 :!: 0.24 
3.69 35.6 
3.42 :!: 0.21 27 .58 ! 1.10 l.94 ! 0.10

2.05 :: 0.05



TAEW 3 

Code Method No. 

57 AAS 

58 AAS 

NAA 

59 MS 

60 NAA 

61 AAS 

62 NM 

63 AAS 

64 NAA 
65 AAS 

66 AAS 

67 AAS 

68 AAS 

69 AAS 

70 AAS 

71 AAS 

72 AAS 

73 AAS 

NAA 

74 DPP 

ASV 

75 AAS 

76 AAS 

77 AAS 
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RESULTS OF TRACE ELl:l� �SUlUllENTS ON 'l!IiE FISH FLESH SAMPLE MA-A-2 

(Cd, Sb, Hg, Pb (1€/g--dry matter)

( SUPPLEl!Eifl') 

Cd Sb Hg Pb 

0.2229 
0.34 + 0.02 o.ao + 0.06

0.05 + 0.01 0.49 <0-45 

<0-24 <5-5 
0.07 + 0.02 0.006 + 0.002 0.49 : 0.04 

0.40 .! 0.05 
<2 <0.005 3.5 :t< 10%) 

0.06:5 ! 0.017 0.393 :: 0.054 0.460 ! 0.045 
<0.3 0.58 + o.06 <6 

0.059 ± 0.008 0.523 :t 0.04 

0.25 0.42 0.56 

0.28 :t 0.05 
1.1 0.474 5.1 
0.061 z 0.005 0.53 + 0.06 1.1 0.58 + 0.06
0.067 0.568 0.564 
0.055 ! 0.005 0.443 + 0.016 •

<DL 0.94 
0.048 ! 0.005 1.44 .:!: 0.24 

0.28 1.38 
0.047 ! 0.006 0.22 :!: 0 .03 



No. 
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TAI!LE 4 OV.:lll.LL AVERAG".c;S 1lND AVERAGES J.FT'.ul CHAUVENET AJTD DIXON'S TESTS 

FOR THE RESULTS Rii:PORTED FOR Cr, Mn, Fe, Co AH.D Ni MEASURll@fTS 

ON FISH FLESH SJJ,1PLE MA-A-2 

Element Cr 1,1n Fe Co 

of reported results* .36 41 52 25 
Range reported 

( ug/g-iry) 
0.259-12.9 0.44-3.5 18.6-158.15 0.03-2-3 

Overall Average- 2.5 + 0.4 1.0 + 0.1 57 + 3 0.5 + 0.2 

(r/g-d.ry) -(16%) -(10%) -(5,3%) -(4Co/�) 

Chauvenet's Test 

No. of results 
26 36 47 18 accepted by the test 

.A.vera.ge� l.J + O.l 0.81 + 0.04 54 + l 0.08 + 0.01 

(;ug/g-dry) -(7,7%) _(4.�/4) -(1.9%) -c 13%)

Dizon' s Test 

No. of results 34 39 51 25 accepted by the test 

Average� 2.0 + 0-3 _o.88 + o.06 55 + 2 0.5 + 0.2 

(;€/�y) -(15%) -(6.&;) -(3.&/o) -(40%) 

Results showing only detection limits of methods used a.re not included. 
-

The standard d�viations given ere 11.l'- for mean ( sta.'ldari err.or) . 

Ni 

23 

0.42-2.54 

l.l + 0.2
-(18'fo) 

23 

1.1 + 0.2 
-( l&}b) 

23 

1.1 + 0.2 

-(18%) 



No. 
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T.AELE 5 OVERALL AVl!:RAG:!!:S AND AVERAGl!!S AFTER CHAUVENET AN]) DIXONtS TESTS 

R>R THE RBSULTS REPORTED FOR Cu, Zn, As, Se Al:D Ag irnASURU,U:l'TS 

ON FISH FLESH SAYLPLE 1lA-A-2 

Element Cu Zn As Se 

of reported results* 64 74 21 17 

Range reported 

(�/g-dry) 

0.50 -17 .6 4.0-204 0.75-7.3 0.5-11.3 

Overall Average� 4.7 + 0.3 37 + 3 2.7 + 0.6 2.3 + o.6 
(("'€/g-<iry) 

-(6.4%) T( 8.1%) -(22%) -(26%) 

Chauvenet's Test 

No. of results 50 66 18 16 accepted by the test 

Average- 4.0 + 0.1 33 + 1 2.6 + 0.1 1. 7 + O.J

(�/g-dry) -(2.5%) -(3-0%) -(3-8%) -(1&,Z) 

Di:::on' s Test 

No. of results 63 72 20 16 accepted by the test 

Average- 4.5 + 0.3 33 + 1 2.5 + 0.2 1. 7 + 0.3

(�/g--dry) -(6.7%) -(3.a;:,) -(8.o;�) -(1&;) 

Results showing only detection limits of methods used are not included. 

The sta:nda.rd deviations given are le- for meclll ( stand.a.rd error) • 

Ag 

11 

·o.0�30

3 + 3 
-( 100%, 

7 

0.10 + 0.01 
-(1CJ%) 

10 

0.17 + 0.04 
-(24%) 



No. 
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TABLE 6 OVERALL A Vl.i:RAG.:.;S AND AVERAGES AFT!:"!R CHAUVIlrnl' AND DIXON'S TESTS 

FOR TR£ �SULTS REPORTED FOR Cd. 1 Sb 1 Hg .AlID Pb 1-IEA.SillilliENTS ON 

FISH �SH SAl.:.P� liA-A-2 

Element Cd Sb Hg 

of reported results* 41 8 53 
Range reported 0.02-1.1 0.0032-0.53 0.179

-
3.5 

(
/€

/g�ry) 

Overall Ave�a.ge-
(;ug/g-d.ry) 

0.17+ 0.04 
-(24%) 

0.09 + 0.07 
-(78%) 

0.54 + 0.06 
-(ll¾) 

Chauvenet 's Test 

No. of results 
29 5 51 

a.ccepted by the test 

Avera.ge-!Ht 0.066 + 0.004 0.005 + 0.001 0.47 + 0.02 

(;u.g/g-dxy) 
-(6.1%) -c 2(},''o) -(4-31�) 

Di.xon ' s Te st 

No. of results 
41 5 52 a.ccepted "by the test 

Average** 0.17 + 0.04 0.005 + 0.001 0.49 + 0.02 
(

/€
/g--iry) -(24%) -(20%) -(4.1%) 

Results showing only detection limits of methods used a.re not included. 

it-It 

lo- for mean ( standard error). The standard deviations given a.re

Pb 

3.3 

0.097-5-1 

0.9 + 0.2 
-(22%) 

29 

0.58 + 0.07 
-(12%) 

32 

o.B + 0.1
-(13%. 
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LIST OF PARTICIPATING LABORATORIES 

( SUPPW.1ENT) 

· LaboratQriee which reported the results (29 February 1980)

Brazil 

Institute de Quimica da UFBa 
Departamento de Quimica Ana.litica 
Salvador, :Bahia. 

Canada. 

University Qf British Columbia 
Department of Geological Sciences 
Vancouver, British Columbia 

Cypru.s 

i1inistry of Agriculture 
and Natural Resources 

Fisheries Department 
Nicosia. 

France 

Laboratoire Central d'Hygiene Alimentaire 
Paris 

ta.boratoire SOLAIGUB 
N!mes 

Greece 

General Chemical State Laboratory 
Division of Environmental Pollution Control 
Athens 

University of Thessaloniki 
Department of Fa.d Hygiene 
Thessaloniki 

Institute of Oceanegra.phic 
and Fishing Research 

Athens 

Bon.g:,-Kong 

Fisheries Research Station 
Aberdeen, Hong-Kong 

Investigators 

T. Tavares
A.M. Brandao

K. Fletcher

A. Demetropoulos
L. Nicolaidou

G. Oumont
11. Feinberg

J. Laporte
G. Kova.csik

D.a. Marketos
P. l-1avrikos

A.G. Pa:netscis 
A. Georgaki s

F. Voutsinou

D.J .R. Phillips
L.H. Ng
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India 

Institute of Science 
Inorganic and Nuclear Chemistry Laboratory 
Bomba,y 

Italy 

Laboratorio Contaminazione Continentale 
C.N .E.lI.

Roma

Japan 

Radiation Center of Osaka Pref�cture 
Department of Health Physics 
Osaka 

Norway 

Institutt for Atomenergi 
ICjeller 

Tuxkey 

Middle-East Technical University 
Department of Marine Sciences 
I9el 

Faculty of Science 
F.ge University 
Department of General Zoology 
Bornova-Izmir 

United Kingdom 

Institute of Marine Biochemistry 
Aberdeen, Scotland. 

U.S.A. 

Sciences Applications, Inc. 
San Diego, California 

U.S. Environmental Protection Agency 
Environmental Research Laboratory 
Narragansett, Rhode Island 

Duke University t!a.rine Laboratory 
Beaufort, North Carolina 

Yugoslavia. 

Center for Marine Research 
"Ruder Boskovic" Institute

Zagreb 

Ifarine Biological Station 
Portoroz 

Investigators 

B.C. Haldar
M.R. Patil
A • .D. Sawant
P. Shah
R. Ganesan

A. Barocas
F. Pompei

T. Mamuro
A, lfdzohata

E. Steinnes

V. Blekastad

T.I. Balkas
s. TugTul
G. Ramelow

H. Uysal

T.L. Coombs

N. Hansen
K. deLancey
11. Abusamra
M. Bohannon

R.L. Lapan
G.L. Hoffman

P. J. Whaling 

M4 Branica 

J. Stirn
R4 Planinc
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PROGRESS PEPORT No. 1 

IN'TERCALIBRATION OF ORGANOCHLORINE COMPOUND 

MEASUREMENTS IN MARINE ENVIRON?-!EN'Tl.L SAMPLES 

International Laboratory of Marine Radioactivity 

Musee oceanographique 
Principaut� de !ionaco 

Participation in the Intercalibration Exercise 

The occasion of this progress report is to inform all participants of the 

results which have been tabulated to date for the samples distributed.· Because 

of the late arrival of data from a nuober of laboratories, the report has been 

somewhat delayed. It was judged more advisable, however, to try and include as 

many results as possible, rather than adhere to a rigid time schedule which 

would exclude valuable information. As originally proposed, the results 

contained in this report are listed by laboratory code number only, so that each 

participant can compare his analysis against the overall averages obtained. 

At the outset of the programme fifty two laboratories were contacted. 

Six laboratories declined to analyze samples either because of previous 

comit�ents or because they felt that certain of the s3.Iilples to be supplied 

could not be properly analyzed with the techniques which wer,e in current use 

in their laboratories. Of the remaining forty-six institutions, eighteen have 

yet to reply. The twenty-eight institutes who did undertake organochlorine 

compound analyses did not analyze all samples which were available and therefore 

our original hope of having a large number of analyses to report has not been 

entirely realized. Listed below are the laboratories who have analyzed one or 

llDre samples, with the name of the principal investigator involved. 

DENl-1'\.RK 

Institute of Hygiene 
University of Aarhus 
Universitetsparken 
DK-8000 Aarhus 

FEDERAL REPUBLIC OF GERMANY 

Institut £'ur Meeresforschung 
2850 Bremerhaven - G 
Am Handelshafen 12 

Dr. G.J. Bonde 
Dr. J�C. Hansen 

.Dr. Wolfgang En:ist 
Dr. G. Eder 
Dr. R.G. Schaeter 

Institut fur Lebensmittelchemie Dr. Ernst Schulte 
der Westtalischen Wilhelm-Universitat 

44 M"unster/Westf., Den Piusallee 7 

Institut fur Kusten und Binnenfisch�rei 
Palal:laille 9 Dr. E. Ruschenbeth 
2000 Hamburg 50 

. I . .
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FRAllCE 

Institut scientifique et technique 
des Peches maritimes 

B . P . N,- 1 04 9 
44037 Nantes (Loire-atlantique} 

Societe des Eaux de Marseille 
B.P. N

D 462 
13217 Marseille (Bouches-du-Rhone) 

Service de Protection contre les Radiations 
Laboratoire de Chimie. 
Commissariat a l'Energie atomique 
B.P. N° 106 
30200 Bagnols sur Ceze (Gard) 

Laboratoire municipal 
Institut municipal de Recherches sur 

l'Alimentation humaine et animale 
Rue du Professeur Vezes

33000 Bordeaux (Gironde) 

Faculte de Pharmacie 
Universite de Montpelli�r 
34000 Hontpell ier (Heraul t) 

Faculte de l1edecine et Pharmacie de Marseille 
Institut de Phytopharmacie 
Boulevard d'Ales 
13000 Marseille (Bouches-du-P.hone) 

Service de Chimie appliquee 
Centre d'Etudes nucleaires de Cadarache 
Commissariat a l'Energie atomique 
B.P. N° 1 
13115 Saint-Paul-lez-Durance 

Laboratoire municipal de Ch:i.mie de 
Recherches et d'Analyses 

8, rue de l'Hotel-des-Postes 
06000 NICE 

JAPAN 

Faculty of Pharmaceutical Sciences 
Osaka University 
133-1 Yamadakami, suita
Osabt

Japan Food Research Laboratories 
52-1 Motoyoyogi-Cho
Shiba.ya-Ku
Tokyo

Department of Environmental Protection 
Faculty of Agriculture 
Ehime University 
3-5-7 Tarumi
Matsuyama-shi, Ehime-Ken

Dr. C. Alzicn 

Dr. G. Bossy 

Dr. B. Caire 

. 
Dr. J.G. Faugere 

Prof. R. Hestres 

Dr. J.L. Monad 

Dr. M, "Neuilly 

Dr. F. Hanaut 

. Dr. Kondo 

Dr. H. Suda 

Dr, R. Tatsukawa 

. I . .
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Department of Public Health 
Akita University 
Akita 

Department of Marine Environmental 
Technology 

Tokyo University of Fisheries 
Tokyo 

PHILIPPINES 

National Science Development Board 
National Pollution Control Comnission 
Taft Avenue

Manilla 

SPAIN 

Laboratorio de Vigo 
Muelle de Bouzas 
Vigo 

TA...1-IZANIA 

Tropical Pesticides Research Institute 
P.O. Box 3024 
AIWSHA. 

UNITED KINGDOM 

Water Research Centre 
Stevenage Laboratory 
Elder Nay, 
Stevenage 
Hertfordshire SGl ITH, 

Freshwater Fisheries Laboratory 
Department of Agriculture and 

Fisheries for Scotland 
Faskally, Pitlochry 
�ertshire 

Fisheries Laboratory 
Uinistry of Agriculture, Fisheries and Food, 
Remembrance Avenue 
Burnham-on-Crouch 
Essex om SHA 

UNITED STATES OF lL�RICA 

Dr. Y. Takizawa 

Dr. T. Yoshida 

Mr. R.M. Lesaca 

Dr. F. Soler 

Mr. E. Pa.llotti 

D�. F. Meek 

Dr. A.V. Holden 

Dr. J. Yardley 

Woods Hole Oceanographic Institution Dr. G. Harvey 
Woods Role, Mass. 02543 

Atlantic Estuarine Fisherie Centre Dr. S.M. Warren

National Marine Fisheries Center 
National Oceanic and Atmospherie Administration 
Beaufort, North Carolina 

Gulf Breeze Environmental Research Laboratory· Dr. A.J. Wilson 
United States Environmental Protection Agency 
Gulf Breez�, Florida 

. I . .
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YUGOSLAVIA 

Kmetijiski Institut Slovenije 
61001 Ljubljana, Hacquetoua 
Ul 2 

Center for Marine Eesearch 
Zagreb Laboratories 
Ruder Boskcvic Institute 
P.O. Box 1016 
Zagreb 

2. Homogeneity tests for intercalibration samples

Dr. J. Cencelj 

Dr. M. Picer 

The Monaco Laboratt>ry has prepared the following reference materials for

.intercalibration measurements: 

MATERIAL 

I. Oyster hoioogenate

2. Sea Plant homogenate

3. Sediment

4. XAD-2 resin

5. Plankton homogenate

6. Fish Fillet homogenate

COLLECTION SITE 

Sete, France 

Meditenanean Coast 

}!editerranean Coast 

Mediterranean Co.ast 

Bergen, Norway 

Atlantic Coast, France 

Oyster (Crassostre3, sp.), Plankton (Calanus fint!larchicus) 

Fish fillet (Mugil cephalus), Sea Plan�(Posidonia oceanic�) 

To date only the first four samples have been distributed to participa�ing 

institutes. The plankton and fish fillet·.material are still undergoing 

hotnegeneity tests. 

Following preparation of reference materiah 1 through 4, homogeneity tests 

were conducted at the Honaco Laboratory by· analyzing sampl�s sizes that would 

yield sufficient amounts of organochlorine compounds for quantitation. In the 

case of the oyster sample, 10 samples weighing 10 grams each showed acceptable 

homogeneity for all colllpOuods determined, i.e. a standard deviation of 

� .:!: 20::r from the mean value obtained. The highest standard deviation was 

observed for pp'TDE (23%) while the lowest standard deviation was recorded 

for pp 1 DDT (2.8%). All other co,:ipounds gave standard deviations between these 

ranges and all were less than - 15%. In addition, selected trace �ctals were 

determined in the sa'Cl'ple to further test for hor.:ogeneity. Of eight trace 

metals analyzed, the largest standard deviation observed was 147. (Fb), while 

the smallest standard deviation noted was for Zn (2.l/4), Other metals analyzed 

included Cd, Fe, Cr, Mn, Ni and Cu. 

Smilar hocogeneity results were obtained for the sediment, sea plant 

and Aoberlite samples. As a further precaution, however, the oyster and 

llmberlite XAD-11 resin were tested for residue uniforoity by a U.S laboratory 

. /. ' 
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which confiI'l!led the findings of the Monaco Laboratory. Repeated measurements 

af all samples over the past yc3r have shown no change in pesticide residue 

or PCE content with time. 

3·. Preliminary survey of the results of the intercalibration exercise 

Set out below are the results which have been received to date by 

laboratory code (TABLES 1-4). In addition, a statistical treat::1ent of the . 

data has been made to give overall ranges, mean and standard deviations for 

all compounds reported. Compared separately are the results of seven. 

laboratories who have particip�ted in previous intercalibration programces 

(TABLES 10-13). This latter compilation is intended to show the comparability 

of the results of institutes who have been making organochlorine compound 

measurements on marine environmental samples for some tice. We have chosen 

to tabulate all concentrations on a dry weight basis, rather than on an 

extractable organic matter basis, since there was a large variation in the 

amount of extractable organic matter reported for the biological materials. 

An example of this variation is shown in the results obtained for the oyster 

homogenate (TABLE 5). 

Before treating the results statistically, it was necessary to make 

subjective decisions about data. rejection. Despite an initial request for 

each participant to include information pertinent to the interpretation of 

the samples analyzed (including chromatograas for the analysis), many analysts 

did not comply with this request. Many results were reported as non-detectable 

or less than some given value, which h.:l.d to be considered as a detection limit. 

Since the analysts did not include an explanation of these values, it was not 

possible to include them in the final statistical calculations, moreover, we 

ha ve tabulated the PCB concentr�tions for all samples except the sadi.ment in 

only those cases where the quantitation was reported as the 50% chlorine by 

weight mixture (Kanechlor 500, Aroclor 1254, Fhenoclor DP-5 or Chlo-phen Sg). 

Reference to the individual laboratory results shows that many analysts reported 

1DOre than a single per cent by weight PCB mixture. In many cases, it was not 

possible to distinguish these percentages from the information supplied, and for 

this reason we have chosen to omit them from. the statistical treatment. For 

similar reasons, the sediment values are tabulated for PCB concentrations 

which were reported as the 607. chlorine by weight inixture. The reader is 

therefore cautioned to view the results with the reservations as explained; 

compilation of the total PCB content of any sm::i:ple an.1lyzed would have yielded 

results more divergent than is suggested by the overall mesns and standard 

deviations reported in Tables 6-9. 

. I . .
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4. Preparation of plankton and fish fillet samples

Within the next month, the plankton sample collected from Bergen, Norway,

will be ready for dispatch to those institutes who wish to continue to participate 

in the intercalibration exercise. Within two months the fish fillet homogenate 

should be ready for distribution. Those participants who want to receive these 

samples are requested to contact the laboratory so that adequate preparation 

can be made for the packaging and mailing of the sacples as soon as possible. 

We would also appreciate any con:mients relating to the presentation of the 

results in this progress report before their inclusion into the upcoming technical 

progress report of the laboratory. Please address all correspondence to: 

Dr. D. Elder 
International Laboratory of �..arine Radioactivity 

Musee oceanographique 
P-rincipaute de Monaco 

. I . .
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Table 1. Results of pesticide residue and PCB analyses for oyster 
tissue homogenate. MA-M-1 (ppb/.dry weight). 

Laboratory a a 'Y 6 
HCB Dieldrin Aldrin . Endrin 

Heptachlore Heptachlore 
code BHC BHC BHC BHC epoxid6:. 

9 <] 20 

4 20 70 

6 2.8 9.4 4.7 

7 <l <5 7.5 <1 3 

12 11 <10 

13 o. 15 26. 9 26.9 

15 2. I 2.6 10 2 20 6.1 

16 l 1 7.3 

18 13.5 <5 

21 78 0.5 

24 6.5 5.4 trace trace 9.5 

26a 8.5 

26b 7.4 

29 16.8 139. 1 52 68.95 17.88 0.33 

32 I 1 < 8 

36 I 1.4 <0.6 

43 66 35.27 8.9 9.2 

44 7.5 13. 1 2.3 5.2 

45 2.2 12 

46 3 15 

47 2.7 4.3 I 9. 1 

49 20 

50 0.93 -

52 1.8 9.5 

14, 17, 20 NO RESULTS FURNISHED FO� ANY RESIDUES LISTED 
23,25 ,37 

- signifies that the laboratory reported no value for the pesticide residue or PCBs

./
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Table I . (cont'd,) (ppb/dry weight). 

Laboratory pp'DDT op'DDT pp'TDE pp'DDE PCB PCB characterization code 

71 31 79 426 aroclor 1254 

4 50 200 2000 clophen A-30 

6 63.7 29 40 340 aroclor 1242:1254 
(l: 1 mixture) 

7 11 2 39 74.5 485 aroclor 1254 

12 86 31 43 74 470 aroclor 1254 

13 20.9 <300 aroclor 1254 

15 79 47 87 260 clophen A-60 

!6 18 65 280 phenoclor DP-5 

17 28 20 53 144 aroclor 1254 

)8 113. 6 48.2 80.5 87 

21 72 2'1 730 220 aroclor 1254 

24 150 13 50 37 170 aroclor 1254 

25 122 49 91 561 phenoclor DP-5 

·26a 105.2 46.8 87.6 523 aroclor 1242,48,54,60 

"26b 104 45.4 93.9 484 clophen A-60 

29 141. 35 30.23-

32 109 45 76 470 aroclor 1254 

36 132.9 61.1 370.9 aroclor 1254 

37 44 150 190%+155n
aroclor 1254

'%
, 1260tt

43 160.8 107.2 192.6 434 kanechlor 600 

44 29 64 450 kanechlor 300,500,600 

45 48 14 29 98 420 kanechlor 500 

46 22 12 9 30 86 k..anechlor 500 

47 120 9S.44 510.9 aroclor 1248:1254 
{ l : I mixture)

49 100 

50 2.45 50 phenoclor DP-5 

52 97 13.8 5 I 77 345 phenoclor DP-5 

14, 20, 23 NO RESULTS FURNISHED FOR ANY RESIDUES OR PCBs LISTED 

./. 
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Table 2. Results of pesticide residue and PCB analyses for sea plant 
homogenate SP-M-1, (ppb/dry weight). 

Laboratory 
�ode 

a 
BHC 

a 

BHC 

'( 

BHC 
Dieldrin Others 

4 

6 

7 

0.5 

< 2 

o. )4

0.92 

<10 

I 

4.7 

21 

7.7 

20 

14 

6 

IO 

7 

533 

10 

5.64 

HCB: <I 

Endrin: <IO 

UCB: < I 

HCB: 3,4/Reptoxide: 10 

lieptoxide: 6.96 

12 

13 

15 

16 

18 

21 

24 

26a 

26b 

29 

32 

36 

43 

44 

45 

46 

47 

49 

50 

52 

1 

4.4 

22.S7

12

9.7

20

22

12 9 

16.9 

16.7 

Reptachlore: 5.5/Aldrin: 6 

20,23,25,37 

42. 15 

<0.2 

56. 11 

10.2 

0.61 

3. 72 6.04 

8853.7 

19 

21.6 

90.64 

19 

9.9 

18 

13.6 

20 

0.27 

20 

7 

87.7 

8.6 

14 

33.4 

NO RESULTS FURNISHED FOR ANY RESIDUES LISTED 

Aldrin: 566.3 

Aldrin: 220.9 

oBHC: 2.2/Aldrin: 2 

Endrin: 8.98 

- signifies that the laboratory reported no values for the pesticide residues listed
for PCBs.

. I . .
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Table 2. (cont'd.) (ppb/dry weight). 

Laboratory 

code pp'DDT op'DDT pp'TDE pp'DDE 

1 23 7 ]2 

4 10 

6 17 .3 6.3 2 

7 6.5 <1 6.5 <JO 

12 21 <10 

13 22.25 3.9 

15 ]4 5.4 7.4 

16 39 7 

J 7 3 2 3 

)8 34.85 11.4 16.88 6.7 

21 2 8 6 

24 20 2 s 7 

25 18 8 

26a 33.6 9.5 9.6 

26b 44.2 14.5 I I 

29 4934. 10 

32 23 6 3 

36 120.6 8.8 

37 20 12 

43 43_8 

44 • 21 12 40 

45 6.5 J. 8 1.5 4.3 

46 7 

47 103.6 I 6. I 

50 0.49 

52 21 6.5 7 7 

14,20,23,49 NO RESULTS FURNISHED FOR ANY RESIDUES 

PCB 

202 

500 

500 

215 

270 

<110 

85 

320 

53 

1 10 

180 

460,:+187,:,: 

6 l I 

295 ,:+681** 

150 

1867.6 

320;:+280" 

470.2 

450 

320 

120 

548.7 

8.3 

32g>\119:l

PCB characterization 

aroclor 1254 

clophen A-30 

aroclor I 242: l 254 

aroclor 1254 

aroclor 1254 

aroclor 1260 

clophen A-60 

phenoclor DP-5 

aroclor 1254 

aroclor 1254 

aroclor 1254 
;::phenoclor DP-4 , DP-5

,: 

t:1ixture 

cl9phen A-60
;: 

, 
aroclor 

l248tt 

aroclor 1254 

aroclor 1254 

aroclor I 24 2:r. /1254 tt 

kanechlor 500 

kanechlor 300,400,500 
(1:1:1) o.ixture 

kanechlor 500 

aroclor 1248 and 1254 
(I: I mixture) 

phenoclor DP-5 
:t % phenoclor DP-4 /DP-5 

OR PCB's LISTED 

. I . .
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Table 3. Results of pesticide residue and PCB analyses for aedi�ent 
sample, SD-M--1. (ppb/dry weight). 

Laboratory 
Code 

4 

6 

7 

16 

a 
BliC 

0. 1

<10 

21 <0.5 

e 

BHC 

<50 

6.3 

y 
BHC 

0.7 

<10 

2 • I 

Dieldrin 

20 

I. 2

26a 2.6 

26b 
2.5 

29 348 314 15.2 

32 <Oa3 <0.3 4 

36 181 

43 5.2 57.3 31.5 

44 2 1.2 2.5 

45 0.38 0.75 

46 41 

47 3.4 

Others 

Endrio; 50 

RCB: <10 

Heptachlore: 337.8/Aldrin: 
34.2 

Heptachlore epoxide: 19 

Aldrin: 1348

Aldrin.: 8. 6 

oBHC: 0.6 

Endrin: 3. I 

1, 12, 13, 14, 15, 

17, 18, 20, 23, 24, 

25,37,49,50,52 

NO RESULTS FURNISHED FOR ANY RESIDUES LISTED. 

- signifies that the laboratory reported no values for the pesticide residues listed,
or for PCB' s.

. I . .



Table 3. 

Laboratory 
pp'DDTcode 

4 

6 7 

7 13 

13 10 

14 60 

16 185 

21 14 

25 2 

26a 20.3 

26b 17.5 

29 

32 13 

36 

37 20 

43 

44 25 

45 15 

46 10 

47 30.9 

52 7.3 

12,15,17:18 

20,23,24,49, 

50 

(cont I d.) (ppb/dry weight) 

op'DDT pp'TDE pp'DDE 

20 

3 2.6 

<l 1 1 <3 

120 70 

8.5 

6 4 

7 0.5 

10.5 3.3 

10.9 2.4 

635 

7 2 

12 

3.5 

14 10 ... 

1.4 8.5 4.7 

8 .3 

5.34 

6.3 f. 6

PCB 

300 

237 

116.6,:+156.61:'i'.

<202 

230 

200 

64'? +238:1:.:1:. 

344 

255 

220 

]04 

60* ]20:tt 150:x:n

' ' 

335 

300 

270 

133 

270.3 

146 

PCB characterization 

clophen A-30 

aroclor 1242/1250 

aroclor l254;::/1260n

ar..,clor 1260 

phenoclor DP-5 

aroclor 1260 
;:_ tt phenoclor DP4 /DP6 

mixture 

clophen A-60 

aroclor 1260 

phenoclor DP-6 
:I:. tt aroclor 1242 ¼ 1254

126o":t :t 

k.anechlor 600 

kanechlor 300,500,600 
(mixture 1:4:4) 

kanechlor 600 

kanechlor 500,600 ( 1 ; I) 

aroclor 1248/1254 ( I : I ;

phenoclor DP-6 

NO RESULTS Fl.JRJ.'HSHED FOP, ANY RESIDGES OR PCBs LISTED 



----------------------------------

Table 4. Results of pesticide residue and PCB analyses for !.rberlite

XAD-II resin. (ppb/dry veii;ht).

Laboratory e 

BHC 
y 

BHC Dieldrin Others 
code BHC 

4 

6 5 

7 2 

13 3 

16 trace 

21 7 

23 10 

29 4 

32 3.7 

0.2 

57 

9.3 

3. ]

0.9 

14 

7.6 

7.3 

0.5 

0.5 

12.5 

1.4 

Aldrin: 26. I 

36 5.1 

2.5 

229 

2.9 

4.8 Heptoxide: 1.2/Aldrin: 5.8 

49 

so 

1,12, 14, 15, 

1 7, 18, 20, 24, 

25,26,37,43, 

44,45,46,47 

20 

6.6 

20 

5.8 

NO RESULTS FURNISHED FOR Alf'!. RESIDUE LISTED 

. I . .



Table 4. (cont'd.) (ppb/dry weiglit) 

Laboratory 
pp 'IDT op'DDT pp'TDE pp'DDE PCB PCB characterization code 

4 6.9 

6 8.8 3. ! 126 aroclor 1242/1250 

7 <I <I <1 <0.5 21 aroclor 1254 

13 14.4 

14 270 

17 <J <l <l 11 aroclor 1254 

21 <l <] 

23 80 decachloro byphenyl 

26a 0.3 57 mixture 

26b 35.2 clophen A-60 

29 83.5 

32 0.5 0.2 0.6 17.3 aroclor 1254

36 - 78.3 aroclor 1254 

37 47 aroclor 1254 

50 l 6 I 5 phenoclor DP-5 

52 43.3 phenoclor DP-5 

1,l2,f5,16, 

18,20,23,24, 

25,43,44,45, NO RESULTS FURNISHED FOR ANY RESIDUE LISTED. 

46,47,49 
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Table 5. Results on extractable organic matter and the ratio of PCBs to 
these values as reported by the various laboratories for oyster homogenate. 

Laboratories participating 

N° of reported results 

Maximum value 

Minimum value 

Overall average 

(1 

Organic matter extractable 
concentration (mg/g) 

26 

16 

60 

1.01 

32 

:!:16 

(50%) 

6 (PCB}/(O.M)xlO 

26 

10 

465.3 

3. 24

59
+ 
-140

(240%) 

. I . .
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Table 6. Organochlorine compou o:i concentrations in oyster tissue homogenate 
(MA-U-1). Reported values in ng/g (ppb) dry weight. 

(Laboratories reporting < values have been excluded. 

a BHC r BHC Dieldrin pp'PPT op'DDT pp'DDD pp'DDE PCB 
(DP-5) 

Laboratories 
part:icipating 26 26 26 26 26 26 26 26 

N° of reported 
results JO 2] 14 22 8 19 24 14 

Maximum value 66 139.] 52 160.8 141. 35 132.9 730 561 

Minimum value 0. 15 0.93 o.s 2.45 12 9 30 50 

Overall average 10 22 15 76 48 43 l l 0 310 
: :!:20 :!:32 

+ • -13 !45 :!:so !27 :!:140 -170

% (200%) ( 140%) (87'%) (59%) ( ]00:t) (63%) (130%) (55%) 

N° of results 
excluded by 
Dixon criteria 3 4 0 0 2 0 

Range 0.15- o. 93-· 0.5- 2.45- 12- 9-51 30-200 50-561
2.8 20 26.9 160.8 14 1 • 35 

Overall average 1.8 9;4 12 76 48 36 88 310 
� + !4 !a !45 :!:so !13 :!:42 ::!:170 r,- -1

% (56%) (43%) (67%) (59%) ( 100%) (367.) (48%) (55%) 

N° of results 
excluded by 
Chauvenet 
criteria 3 6 1 0 4 2 4 0 

Range o. 15- 3- o.s- 2.45- 12-14 9-51 30-100 50-561
2.8 13.5 26.9 160.8 

Overall average 1.8 9 12 76 13 36 74 310

a
;:, :1 !3 !a !45 !o.9 ::13 

+ 
-21 !170

% (567.) (33%) (67%J (597.) (77%) (36%) (28%) (55%) 

�Standard deviation: 

t (X. - X) 2
l. 

N - l 

This equation is applicable to Tables I - 10. 
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-------------

Table 7. Organochlorine compound concentrations in sea plant (SP-M-1). 
Reported values in ng/g (ppb) dry �eight. 
(Laboratories reporting < values have been excluded). 

a BHC y BHC n·ieiclrin Aldrin pp 1 DDT op 1 DDT pp'DDD pp'DDE PCB(DP-5) 

Laboratories 
participating 

N° of reported 
results 

Maximum value 

!'1inimum value& 

Overall average 

a 

't-i0 

of results 
excluded by 
Dixon criteria 

Range 

Overall aver age 

C1 

7. 

N° of results 
excluded by 
Chauvenet 
criteria 

Range 

Gverall ave.rage 

a 

% 

26 

10 

56. 11

o. 14

12
+ 
-20

26 

21 

8853.7 

0.2.7 

440 

:!:1900 

(170%) (430%) 

0 2 

0.14- 0.27-
56. 11 22.57

12 16 
!20 !6

(170%) (38%) 

3 3 

o. 14- 7.7-
4.4 22.57 

1. 6 17 
!1, 7 =4.8 

(I 10%) (28%) 

26 

14 

533 

5.64 

55 

:!:140 

2.6 

4 

566.3 

2 

200 

:!:210 

(250%) (140%) 

3 

5.64-
16.9 

10 

:!:4 

(40%) 

3 

5,64-
16.9 

10 

:!:4 

(40%) 

0 

2-
566.3 

200 

:!:270 

(!40%) 

0 

2-
566.3 

200 
• 

-270

(140%)

26 

23 

103,6 

0.49 

24 

:!:21 

(88%) 

1 

0.49-

44.2 

20 
:!:13

(657.) 

0.49-
44.2 

20 
:!: 13

(657.) 

26 

7 

4934. 1 

t.8

710 

:!:1aoo 

26 

14 

120.6 

1.5 

15 
+ 
-31 

(250%) (2 t 0%) 

1 1 

l. 8- I. 5-
12 16.88 

6.3 i.3

:!:4 .5 :!:4 .3 

(71%) (59%) 

3 

1. 8- I .5-
12 9,5 

6.3 5.8 

!:4,5 :!:2.4 

(71%) (4 Ii.) 

26 

19 

40 

2 

9.4 

:!:a.2 

(877.) 

2 

2-
12 

7.2 
!3

(42%)

2 

2-
12 

7.2 
!3

(42%)

26 

15 

1867.6 

8.3 

300 

:!:450 

(1507.) 

1 

8. 3-·
470.2

190 

:!:120 

(63%) 

2 

8.3-
320 

170 
:!:90

(53%) 

. I . .



Table 8. Organochlorine compound concentrations in J1.editerranean Sediment 
(SD-M-1). Reported values in ng/g (ppb) dry weight. 

(LaboratorJes reporting < values have been excluded). 

a BHC y BHC Dieldrin pp'DDT pp'DDD pp'DDE PCB(DP-6) 

Laboratories 
participating 20 20 20 20 20 20 20 

N ° of reported 
results 6 7 1 1 16 14 13 10 

MaxiI!lllm value 348 314 41 185 )20 70 335 

Hinimum value 0. I 0.7 2 3 0.5 104 

Overall average 89 54 l 1 28 16 9.5 210 

!150 
+ !14 :!:44 :!:30 

+ !70CJ -120 -19 

% (1707.) (2207.) (1307.) (1607.) (1907.) (2007.) (337.) 

N° of results 
exluded by 
Dixon criteria 0 3 0 2 2 0 

Range O. l-348 0. 7-1. 2 1-41 2-30.9 3-12 0.5-5. 34 104-335

Overall average 89 0.9 l I 15 8.4 3 210 
+ 

:!:0.2 .:!: I 4 !7. 7 '! 2.5 !1.4
:!:70 a -ISO

7. (170%) (227.) ( 130%) (5 I%) (307.) ( 4 77.) (337.) 

N ° of results 
excluded by
Chauvenet 
criteria 2 3 4 3 2 2 0 

Range 0.1-5.2 0.7.;.J.2 1-4 2-25 6-12 0.5-5.34 104-335

Overall average 1. 9 0.9 2.5 13 8.8 3 210 

:!:2_3 :!:0.2 !1.1
+ 

:!:2
+ !70CJ -6.3 -1.4

% (1207.) (227.) (44%) (48%) (237.) (4 7%) (33%)

. I . .
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Table 9. Organochlorine compound concentrations in Amberlite XAD-II resin 
(AB-H-1), concentrations in ng/ g (ppb) dry resin. 

(Laboratories reporting< values have been excluded). 

Laboratories 
participating 

N° of results reported 

Maximum value 

Minimum value 

Overall average 

C! 

Na of results excluded 
by Dixon criteria 

Range 

.Average 

(j 

7. 

N� of results excluded 
by Chauvenet criteria 

Range 

Average 

(1 

%+ 

ci(BHC 

19 

10 

20 

2 

6.6 

!s.2

(797.) 

2-10

5.2

!2.4

(46%) 

2 

2-7

4.6 

!1. 7

(37%)

)'BHC 

19 

12 

229 

0.9 

26 

!64

(2507.) 

2 

0. 9-1. 4

5.8

:!:3,9

(67%)

3 

0.9-9.3 

4.9 

:!:2.6 

(53%) 

Dieldrin pp'DDT 

19 

5 

12.5 

0.5 

4.4 

:s.3 

(120%) 

0 

0.5-12.5 

4.4 

!5,3

.(120%) 

0.5-7.3 

2.4 

::3,3 

( l 40%)

19 

4 

270 

o .. 5

73

0.5-14.4 

7.9 
!7

(89%) 

0 

0.5-270 

73 
+ 
-130

( 180%)

pp'DDE 

19 

4 

6.9 

0.3 

2.7 

!3. 1

(l l0i.)

0 

0.3-6.9 

2.7 

!3. l

(1107.)

0 

0,3-6.9 

2.7 

!3. 1

(110%)

PCB(DP-5) 

19 

7 

1615 

11 

260 

!600

(230%)

11-78.3

36
+ -25

(697.) 

2 

11-4 7

28 

!16

(57'%) 

. I . .
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Table IO. Organochlorine compound concnntrations in oyster hotrogenate 
(MA-M-1) as measured by seven selected laboratories who participated in 
previous intercnlibration exercisei Reported values in ng/g (ppb) dry
weight. (Laboratories reporting <values have been excluded. 

a :SHC Y BHC Dieldrin pp'DDT op'DDT pp 1 DDD pp'DDE 

N4 of reported 
results 2 6 4 1 6 ., 

I 

Maximum value 2.8 I l 20 109 47 150 

Minl.llllm value 2. I 7.5 3 I I 29 40 

• Overall average 2.5 9.7 12 66 31 39 83 

a 

% 

!o.s !1,3 !9,4 :!:32 !7,5 !33

(207.) (13%) .(78%) (48%) (19%) (40%) 

Table 11. Organochlorine compounds concentrations in Sea Plant (SP-M-1) 
as measured by seven selected laboratories who participeted in previous 
intercalibration exercises. Reported values in ng/g (ppb) dry weight. 
(Laboratories reporting< values have been excluded). 

PCB 
(DP-5) 

5 

485 

190 

410 

:!:120 

(29%) 

a BBC y BHC Dieldrin Aldrin pp'DDT op'DDT pp 1DDD pp'DDE FCB(DP-5) 

N° of repo-rted 
results 

Maximum value 

Minimum value 

Overall avet"age 

0 

% 

2 

0.92 

0.5 

0.71 
!0.29

(41 %) 

6 

20 

7.7 

16 
!5,2

(3.3%)

4 

10 

6 

1.5 

! I. 7
(23l) 

0 7 

23 

6.5 

18 

=s.9 

(33%) 

0 5 

7 

5.4 

6.2 

:!:o.6 

(9.7%) 

5 

12 

2 

7.3 

�-7 

(64%) 

5 

280 

150 

220 
!53

(24:Z)

. / . .



Table 12. 
(SD-M-1) as 
in previous 
dry weight. 

- 127 -

Organochlorine compound concentrations in sediment sample 
measured by seven selected l�boratories who participated 
intercalibration exercises. Reported values in ng/g (ppb) 

(Laboratories reporting < values have been excluded). 

a BHC "'( BHC Dieldrin pp'DDT pp'DDD pp'DDE PCB(DP-6) 

N° of reported results 3 4 3 3 3 

Maximum value 4 20 11 3.5 220 

Minimum value 1 7 3 2 150 

Overall average 0.1 0.7 2. l l3 7 2.7 180 

a 
+ 
-1. 7 !s.3

!4 !o.7
+ 
-39

% (81%) {41%) (577.) (26%) (227.) 

Table 13. Or9<1nochlorine compound concentrations in Amberlite XAD-II 
resin (AB-M-1) as measured by seven selected laboratories who participated 
in previous intercalibratioo exercises. Reported values in ng/g (ppb) dry 
weight resin. (Laboratories reporting< values have been excluded). 

a BHC -y BHC Dieldrin pp'DDT pp'DDE PCB (DP-5) 

U0 of reported resut'ts 3 3 3 2 2 3 

Maximum value 5 3. I 1.4 8.8 3. I 47 

Minimum value 2 0.9 0.5 0.5 0.6 17.3 

Overall average 3.6 2&3 0.8 4.7 1.9 28 

!1.s !1.2 !o.s :!:s.9 
+ !16a -1 .8

% (42%) (52:Z) (637.) ( I 307.) (95%) (57%)

. I . . 
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P:?.OGRESS r'.EPOaT ON INTEF.CALIBRATION OF OP.C.\NOCHLDJ".INE COMPOl.1';T1 !'EAST.8.E}lli�1TS 

IN �� . .RINE ENVFOtTI'�NT.AL S'A!·rPLES 

International Laboratory of 'farine P.adioactivity 

Husce ncear:.ogra-:,hique 

Principautfi de �onaco 

Ho. 2 - April 1980

Intercalibration Exerd.ses on Conenod c��A-A-1) and ?i.�h (MA-,�-2) S'mn-:,les 

The �1onaco Laborstory ?reparad the following intercalibration s�les for 

chlorineted hydrocarbon measurement!::_ during the past feu years: 

I) oyster homogenate (i•A-11f- l)

2) sea plant homogenate (SP-H-1)

3) sediment (SD-�+. I)

4) X.\.D-2 res in

5) copepod ho�.ogenate (:u_�-A-1)

6) fish fillet homogenate C'A-f�-2)

The results of the interc.l.libration exercises on the samples (1) - (4) have 

already been compiled, based on the re�orts by 26 laborctories, and �ave been 

distributed to participating laboratories. 

The second set of the samples t (5) and (6), the co-pepod sa.."'lple (?'A-A-I) 

(Calanus cristetus) collected from the Norvegian Sea and the fis� fillet s�le 

(MA-A-2) �repared from the material obtained from the French Atlantic coast, •,;�s 

sent to the laboratories who e:iq:,ressed their willingness to co.i.tinue the inter­

calibration exercises. To date 15 laboratories have sent their results. A list 

of thase laboratories is attached to tl1is report. The results presented in this 

report are listed by laboratcry code mmber onl�r, in order to make it possible 

for each participant to compare his analysis aP,ainst the overall averages obtained. 

?1any results were reported as non detectable or less than the detection 

limits. It was not possible to inc!uda them in the final statistical calculations. 

One of the ��o sat!!?les analyzed here is at a relatively high concentration 

level (fish fillet). For this the comparability of measurements is, in general, 

much better than that for the other sample, 

In the eecond sa."!!ple (cope?od) the concentr�tion levels of organochlorine 

compounds are low and the conparability of some results is less satisfactory, 

(eg. Table 3, pp 1 DDE and ?P'DDD). 
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Toxicology section Fisherie� Research 
Board of Canada - Biological station 
ST. AfIDP.E'tv, New Brunswick 
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Institut fur Ueeresforschung 
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Institut fur Kusten und Binnenfische�ei 
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2000 HL'-ffiURG 50 

FRANCE 

Institut scienti£ique et techni�ue 
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B. P • No, 104 9

44037 NANTES 

Faculte de Pharmacie 
Universite de l·1outpellier 
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Recherches et d 1 Analyses 
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Table I. Results of pesticide residue anci PCB analyses for copepod homogenate 

.�..A-A-l (ppb/dry weight). 

,ab. Code 
No. 

l 

3 
. 

6 

7 

13 

17 

24 

26 (a) 

2ri(b) 

32 

36 

45 

46 

50 

53 

Aroc.lor pp' 
1254 1260 DDT 

i 

181 N. P .• 13 

212 !·1. R. N.D.

250 N.R. <50 

200 <40 19 

N,R. TP.. TR. 

153 N.P .• 0,59 

190 l I 0 ?�. !' ... 

50 50 N. !'...

270 150 25

<I )00 <300 

348 N.R. 16 

� 19 

*1t 21 

N.r .. N.E .• 23 

71 N.D. 4 

N.R..: no results

U.D.: not detected

not interested 

I pp' 
DDE 

6 

5,26 

60 

1 I 

14 

1,5 

N. R..
.. 

5 

14 

<10 

7 

10 

26 

34 

3 

I pp Aldrin Dieldrin DDD 

104 N.R. 15 

N.D. N.D. 3,07 

<50 <10 <20 

<I <I 18 

TR. ,. '[) 
...1 • •... N.R..

<O, 1 lt .R. 4,7 

H.?., N.? .• �· T'I 
a'=• - ·• 

N.R. N.R. N.? .. 

20 ') 14 

<40 ,. .... 
L'( • 4.t..e N,:;;-. 

25 � .. 

11 N.D. 5, I 

13 N,D. 21 

N.�. N. ':? .• H .? .. 

I
N.D. N.:? .• �.;. r-... 

* : I!1i.xture KC 300 400 500 600 (4:4:6:1) 360 
** f KC 500 : 185

�. trace 

a y 
EHC BHC 

N.P .• N.P. .• 

U.P.. 7,46 

10 5 

3 18 

!�. ll. 17 

1;. n .. N.�.

rI. 2 • .. .. 

"' • •  •:1-. 

21 21 

N. ;:?_, i!. r-_. 

<SO <50 

N.R. N.? .. 

16 22 

N. f�. 'N.T' ... 

9 20 

4,5 5,6 

: 

HCB 

"t-1.R. 

N.R. 

N. r-..

1

H .T' .• 

N.R. 

" .., 
1'1:. �·-· 

0,8 

,._. ,.., 
1:4 1 l· .• 

<4 

U.F .. 

1 , I 

N. F...

N. r:.

N. :1.

Others 

r;,enitrothion 
25 

op'DDT: 
Hep t. epox. : 

4 

O'O'DDT: 
o�'DDD: 6



Ta&le 2. 
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Results of pesticide residue and PCB analyses for fish fillet 

homogenate !!A-!·1-2 (ppb/dt"r wei�ht). 

ab ,Code I Aroclar Pl''
. ?

PI pp' Aldrin Dieldrin 
(l y 

No, 

I 

3 

6 

7 

13 

17 

24 

26(a) 

26(b) 

32 

36 

45 

46 

50 

53 

! 1254 1260 

7147 N,R. 

I 4626 N.R. 

3500 5000 

7840 3020 

16300 

987 N,R. 

15030 8800 

]340 6260 

N. ?.. 6730 

<1000

7657 I N.R"

* 
I 

lH 

N. � .• I I 720 

4350 i 6750 

I i 

N .. R.: no results 

DDT 

565 

98
j

9 

900 

280 

73 

391,5 

140 

330 

330 

<200 

305 

160 

257 

N .. R. 

N.D.. . 

DDE 

240 

87,7 

200 

l iO

739 

308,5 

270 

290 

390 

<10 

664 

250 

262 

!-T • ?.. 

220 .. 

N.D,: not detected
* : mixture KC 300, 500, 600

** mixture KC 400, 500, 600 

DDD 

300 N,II, 

161 , I N,D, 

<50 <10 

380 N ,R, 

898 H.P.,

451,5 N .. P., 

80 N.R. 

670 N • I:> ... 

450 4 

<10 N,! L 

554 <2,5 

310 N,D. 

308 62 

'T ':"> .. . .. · .. H,?., 

'46 1't"' R. 

(1 :4:2) : 12000 

( I : I : l) : • 13540 

brtC 

122 N .r..

57,4 N ,R., 

<20 10 

160 25 

!1. "'�• N. F.4 

102,7 N ,R. 

N.�. N • :'.. 

21a 4 I 

170 ,, .. , . :-· ..

N ,? • <SO 

!1,�-- N • :;::_, 

190 41 

l 6('. N.I'.,

tr. r-. . 20

}! 'R. �1. D ... 

l 

BHC 

N .P., 

23,9 

70 

38 

93 

N .2:?.. 

N,.R. 

62 

N .� .. 

<50 

., � 
! . •  !.· .• 

42 

N,R. 

33 

88 .. . .

HCB Others 

N .rt. 

36, 69 

N • F.. 

18 i?f 'DDT: 26 
Bep t. epox� 30 

N. l�.

N.l',

!-t.r .. 

18 He::::t, epox: .'.i l 

Tl• P.., 

<4 

N.?. 

! ';I

o�'DI''L: 27
N.?. or'D1)D: 20

:1. p. 

N.?. 
___ .., 



!able 3.

No. of labor. 
participatinp: 

No. of results 

!·!.aximu:n value

:-!io.imum value 

Overall 

.. 

average 

---
C1 

···- • -·-··

.,. 
lo 

---·-- -

·:fo, of results
after Chauve-
�et's test

Chauvenet's
range 

Average 

a 

7o 

r�o. of results 
�.fter Dixon' s 
test 

Dixon's 
range 

Averaie 

C1 

% 
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0rganochlorine compound concentrations in coperod homogenate ���-.\-1. 

Reported values in ng/ g (ppb1 d-ry �<eight. 

Laboratories reportin8 < values have been excluded. 

Aroclor Aroclor pp'DDT pp'DDE pp'DDD HCB Dieldrin a BHC 1254 1260 

15 

10 3 9 13 5 3 7 6 

34!'.l 150 25 60 104 1 1 I 21 21 

50 50 0.,59 1,5 1 1 0,8 3,07 3 

190 100 16 15 35 I 12 • I I

+89 :!:50 +8 !16 +39 ;!:0,2 :7 +7
-

(47%) (50%) cso,:) (I 10%) ( I 10%) (20:'::) (587,) (647:) 

10 - 9 10 4 - 7 5 

50-348 - 0,59-25 I ,5-14 l 1-25 3,07-21 3-21

190 - 16 3 17 - 12 11 

::89 - +B +4 +6 - !.7 +7
- - -

(477:) - (50%) (50%) (351) - (53%) (647.) 

10 - 9 11 4 - 7 6 

50-348 - 0,59-25 1,5-26 11-25 - 3,07-21 3-21

190 - 16 9 17 - 12 11 

::09 - +8 +7 +6 - :7 ! 7

(47o/.) - (50%) I (78%) (357.) - (58%) (64,:) 

y BHC 

8 

22 

5 

15 

+7

(47':'-) 

5-22

15 

+7
-

(47:Z) 

5-22

15 

:.7 

(47'-'.) 
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• table 4, 0Tganochlorine com;,ound concentrations in fish fillet homogenate 'fA-�-2.

;1.eported values in ng/g (ppb) dry ivaight. 

Laboratories �eporting < values have been excluded. 

• No, of labont:,
partic.ipati�

I Aroclor 
1254 

Aroclor 
l rDDT 1260 Pl' 

�lo. of result� l 9 7 12 

'1.axilll'Wll value 

Mini1IlUl!1 value 

Overall 
average 

(1 

.. 
•• 

:·!o • of results 
�fter Chauve-
:l(?t I$ test: 

Chauvenet.'s 
range 

Average 

a 

7. 

-
�{o .. of results 
,fte-r Dixon's 
':est 

·iixon' s
range 

Aver ... ge 

(:J 

" 
,;, 

-

15030 8800 

987 1720 

; 

5830 5470 

! 

' :4280 ::2420 
i 

' (80%) ! (44%)

I 8 7 
l 

I 9a1-1a4oj 
1120-

I asoo 

I 4680 5470 

:!;2700 :2420 

(58%) (44%) 

8 7 

987-7640 1720-
8800 

4630 5470 

::2700 -+-2420 

(587.:) (447,) 

900 

73 

319 

;:229 

(72=-:) 

10 

73-391,5

237 

:! 10 

(46%) 

I l 

73-565

266 

+144

(54�) 

pp 'DDE I P"?'DDD !lCB Dieldrin 

15 

13 12 4 3 

739 898 36,69 210 

-37,7 46 18 57,4 

315 364 23 148 

+187 . +245 ::9 +50- -

(59'.'-:) (64�) (39'.!) (34%) 

9 I 1 3 
"u 

170-308,5 46-670 18-19 57,4-210 

245 337 l3 148 

+44 �192 1o,6 ,!SO 

( 187.) (57%) (37.) (34%) 

I I 12 J 
,., 

87,7-390 46-898 18-19 57,4-210 

244 384 18 148 

+78 :;245 :;0,6 :;SO 

(J2Z) (64:) 
t 

(3Z) (34:Z) 

a BHC I y BHC 

5 

41 93 

10 23> 9 

27 56 

:!: 14 +26

(52%) (46::0.:) 

s 3 

10-41 23,9-S

27 56 

.::14 +26

(52%) l (46%)

5 8 

10-27,4123,9-93

27 56 

+14 +26

(527) (4n7.)



Table S. 

Laboratory 
code number 

1 

3 

6 

7 

13 

17 

24 

. 26(a). 

26(b) 

32 

36 

45 

96 

50 

53 
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Results of percentage water and percentage extractable 

organic matter in the samples. 

Copepod MA-A-1 Fish fillet MA.-M-2 
% water % E,O.M. 7. water % E.O.Y.. 

5,41 21,46 3,84 16,10 

N.R. 21 ,93 N.P. 15 I 95 

3,2 2} IS 2,92 17,54 

5,7 20,9 2,90 15, 6 

N.R. 21,7 N.R. 19.2 

15,6 16,7 9,3 12,3 

3,35 21, 78 1, es 15,5 

4,91 14, 15 2, 88 16,26 

4,91 14, 15 2,88 16,26 

N. F .. N.R. l-1 ,, .. ....... N .r..

5,57 23,47 5,03 16,88 

4,0 22,4 4,2 15,5 

5,08 24,5 6,24 17,0 

2, I N.R. 0,42 N.R. 

6,9 t, 99 4,5 1 , 63 



Lab, 

I Drying procedure code 

I 6 hours at 105°C

3 Homogenized with 
sodium sulfate 

6 Taken as suc.h 

7 Overn�gnt at 35 ° C, 
then 105 ° C to 
constant weight 

13 Taken as s.uc:i 

Ii 

24 

26 l hour at 100° C
(Sepe.rate sat!lple)

32 

36 8 hours at l !O"C 

45 1 hour at 100 ° c 

46 4 hours at 100 ° c 

.. 

so 5 hours at 103° C 

53 sa,mple not dried for 
organochlorine -

ext-raction 
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Extraction 

soxhlet, hexane 

soxhlet, hexane, 4 hours 

soEhlet 4 hour� 
Petroleum ether, diethyl/ 

ether ( l+I)

soxhlec, hex-ane, 1 I /2 hour 

cold ext-raction 

blender, hexane 

soxhlet, pet-roleum ether, 
8 hours 

cold column (sal!'ple + �a2so
4

hexane/acetone (2:1) 

soxhlet, hex.ane, 1-2 hours 

soxhlet, hexane, 8 hours 

soxhlet, ethyl ether, 
sample + Na2so4

soxhlet, hexane 

soxhlet, petroleum ether, 
8 hours 

soxhlet, petroleum ether, 
8 hours 

2 columns: 

GC/HS 

Confirmation 

-57. QFl, 47,.·DC
-G::1: QF1, 4"/. SF

200 
96 

ov 101. ov 17 + ov 210, QFl, 
thirc Florisil clean-up 
GC/!5 frag!!lentornetry 

alcoholic KOU 

O'! 

hydrobroc.ic acid/acetic anhydride 

alcoholic KOR 

alcoholic KOH 

<'.lcoholic KOH 

2 GI.C columns 

GC/!iS 

alcoholic KOH 

2 columns: ov 1 
DEGS-PA or Ot/ 17 

alcoholic KOH



Lab. 
code 

I 

3 

6 

7 

13 

17 

24 

26 

- ···-
32

36 

45 

46 

so 

53 
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Work-up procedure 

Al2o3 (!iethod of Holden).

Chromatography on alumina (57, watetJ tori th 
hexane, 

Chromatography on silica (3% water) hexane

and I 0% ether in hexane. 

1) (Fat + 2) + 8g Florisil (57. 1I20) • Elution
(80 .- 20)100 ml (acetone+ H2o) 

Transfert acetone, water� P,E,
2) 1 <>e -florisil (5% HzO)

Ep 100 ml petroleum ether
E2: 60 ml (P .E. I 207, ether). 

Method of Holden� using clean-up and sepa-

ration on alumina and silica into 
4 eluates. 

Concentrated H2so4•

Alumina (5% water). Elution with 15 ml 
hexane. Then silica 8el separation by 
Snyder-Reinert procedure. 

Concentrated R2so4.

Florisil I) hexane 2) hexene/ether 
Remo'l{al of fat with AL

2
o3 column,

- -· . -·-

Alumina colUtlln (method of Holden). 

Silica eel (5% water) hexane 15 ml 

(I: I) 

hexane 35 ml. Concentrated n
2
so4.

Florisil (removal of fat and oil) 
Silica gel I) hexane 

2) 307. ether in hexene.
Fuming H2so4.

Dry florisil chromatography 
(30% H20/CH

Ji

CN, 200 ml).
Silica r.el c romatography. 

Florisil (3% water) . 

Concentrated H2so4.

Gas chromatograp�ic conditions 

Detector: 210° c, oven: 200 ° c, 
injector: 230° C 

Detector: 200"C, 41. SE 30, 

i 

Detector: 200"C, 10% DC 200 or 57. 'DC. 200 
I 
I 

+ 7,5% OF! on B0-100 chromosorb W (HF), I 

! 
: 

Detector: 2so 0 c, oven 230"C, . ! 
injector 243"C, l, 5% OV 17 + 1,957, ov 210; 
on varaport 30 80-100, I 

I 
Detector:250"C, injector; 220 ° c f 

I 

4% SE 30 + 6� OV 210 on �as chrom. Q ! 
1,5% SP 2250 + I, 9Si SP 2401 on 100/120 

i supelcon AH - DCf.S. ' 
! 

Detector: 250°C, oven: 20s "c, 
injector: 240"C, 10% DC 200 on �as chrom. 
0 80-100, 

Fraction I) isotherm: 197 °c 
Fraction 2) temp. r,rop;r. 150-l97 ° C 
(6"C/min). 1,5% SP 2250 + I, 9Si SP 2401 on 
supercoport 80-100, 

I 
' 

Detec1:or: 290"C, oven; 190 ° C ! 
31 ov 1 on chromport DC{ 80-90. 

Detector: 230 ° C, oven: l85 ° C (PCB) 2% ov 1 • ! 
Detector: 190 ° c. oven: 190° C (pesticides) 

2% QFl + 1 1 5%C'! l 7. 

oven: 180 ° c. 2� DEGS + 0,5% PA.

Oven: 210 ° c 5� OV l 7. 
Oven: 215 °C 5% IJV l O I, 

Detector: 3so 0 c 1 oven 200 °C; 
injector 220 °c. 

10% DC 200 on chromosorb W. 
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