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The leES ~orking Group for the study of the pollution of the North Sea
proposed in January 1973 that a seeond intercalibration exereise should
take plaee that year, and it was agreed that a new referenee sample for
traee metals should be prepared and eire lated by the Marine Laboratory,
tberdeen. It was furt her agreed that a dilute solution of metal ions of
known eoneentration should also be prepared and circulated with this sample,

. S9 that an exa9t metal standard would be available to all analysts and
permitting a true comparison of the procedures adopted by the analysts
involved in this exercise. Following the meeting in January 1975, the
group agreed that all participants in this exercise should make every
effort to submit their data to the convenor by the end of February 1975.

This report represents an appraisal of the results submitted,as of
February 1975.

Details of Fish Flour Preparation

•
The fish flour used in this exereise was prepared from freshly caught
inshore cod by the MAFF Humber Laboratory in Hull. The details of
preparation of this meal are as folIows:

i. Freshly caught cod from an inshore area was stored in iee after
capture.

ii. The fish was filletted but the fillets were not skinned.

iii. The fillets were then steamed for ca 30 mins and then broken up
il1tO small pieces.

iv. The eooked fish was'air dried in a tunnel farca 24 hrs.

v. The dried fish was mineed and then repeatedly ground in a hammer mille

Refetence solution

The solution of metal ions was prepared from BDH stock standard solutions
by dilution, using 1 N HCl as the diluent. The exact composition of this
standard is presented "at the foot of Table 5.
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RESULTS

A list of participants who submitted data on fish flour and the reference
solution is presented in Table 1, and a summary of the individual
analytieal procedures used by the participants is presented in Table 2.

.,'

Cifculation of Reference SampIes

Each analyst or laboratory participating in this exer.cise received 2
plastic phials, each containing ca 25 gm fish flour, and an additional
2 phials containing ca 20 ml of the reference solution. These sampIes
were accompanied by two circulars (Appendices I and II) giving details of
the standard analytical procedure to be adopted by each analyst, and details
of the requirements for reporting the results of their analyses. Each
analyst was asked to analyse the fish flour by both the standard procedure
and the analytical procedure adopted by their laboratory for the
forthcoming fish and shellfish baseline study.

The results of the fish flour and reference solution analyses are presented
in Tables 3, 4 and 5. These eleven.sets of d~ta represent the total ~

return of information in an exercise which involved the' circulatiön of ,.,
over 50 set~ of sampIes and whieh commencednearly two years. ago. This is
a rather disappointing return when one considers how important. inte~-

calibration is in any international cooperative study. Only 8 of the 11
sets of data can be used in any ICES evaluation exercise.since the other
3 laboratories'do not partieipate in ICES fish and shellfish baseline
studies.

ZINC AND COPPER

Fi'sh Flour Data

In general there was good agreement between the laboratories on the results
for zine and copper, overall coefficien~ of variations for zine and copper
of 7.2% and 17.2% respeetively, indicati'ng a slight improvement in the
analysis"for copper. Mean value of the individual eoeffipients of
variation for zine and copper were 4.3% and 6.r~ respectively for the
standard procedure and 4.8% and 8.1% respectively for the individual
procedure (Table 7). tII
MERCURY

Individual laboratories produced data of a very high prec~s~on, as shown by
coefficients of variation whieh fell in the range 1.S% - 6.4%'for the
individual procedures and 1.0% : 14.9% for the standard proeedure
(Table 7). Unfortunately for both standard and individual procedures
there xs a ratio of almost 2 between the highest and lowest reported
mean values of mercury in fish flour, and this accounts for the high
values of the overall coefficients of variation (Table 6).

There is an indication that the differences in mean values of mercury in
fish flour might be related to the true concentrations of standards
used by the various laboratories. If this is so, and suitable-corrections
are applied to individual mean values then the differences between
laboratories are significantly reduced. This point· will be discussed in
detail in the Section dealing with the analysis of the reference solutions.
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The concentration of rnercury in fish.lflour.. dct'errnined':by:the :individual rnethods
range frorn 0.47 pprn - 0.83 pprn. Sirnilarly the levels of mercury in the
reference solution ronge fram 0.10 ppm - 0.18 pprn (it is ;interesting~,to see

~'l" .t?-~t ~n? laboratory. returned levels less than the true value of 0.10 ppo) •
... -1:°. A' plot··'onf.'th'e indiVidunl!:levels (of'mercury. riri:fish flourland :rnex:cury in
···~!the:;reference Js'öhitiori'~(Fig:1 F'Süggeststthat ~there:~might·be ~a :linear:,j ,

ö,:r.eÜition~liip·~.betwe~n~tiiEise.r.sets~of data•."~Byr3pplying a~fac,tor, i;~L..~a~h of
"·the '.'indivi'dliaJ. ··mercürY!values··förl.the;;fisli flour:the:entire picture.of
'''the''resUltä.lis cliaiiged~(Table18)': ~~The~.factor for.:each,laborato·rY ii8,',::-
....obtäined~by~dividing:tJ:ie·!true value of rnercuryiin::the':rcference;soiütion
by the ~easUred value of ~ercury in the reference~solution~~~The;rang~

,of.mean levels Qf rnercury in fish flour obtained bythis procedure,
.'ö~47 'i;:~'0~65Jppm Iis('ä.~significänt 'Jirnprovemerit ~over.} the:range··.of :rnean levels
previöüsly']~ubmitfed,'0;47.;.ol83::ppm:o::HO\'lever:;amotelof,'\caut~on;.rnus~~be
sounqed here, since this approach ass~~cs~that!the rne~curYirefe~enc~;~olution
rernained unchanged during the period in which it was in circulation. I
believe the results obtained indicate that this assumption is correct, but
there is a need to confirrn this point in the third IOES intercalibration
exercise.

I have proposed that the next fish flour reference sarnple should be
accornpanied by a emaIl volurne (10 rnl) of the }furine Laboratory's stock
metal solution (1000 ppm); enclosed in individual plastic phials, so that
all participants can refer to the same standards for this exercise.

I have also proposed that dilute mercury standards should be made up ...
nccording to a standard procedure, to avoidlosses due to volatilization
and adsorption. I believe this is essential since all of the participants



in this exercise bad a different approach to preservation and storage of
mercury standards (Table 9) which could account for the observed differences
in mercury standards.

SUMMARY

1. The results of the analyses of copper, zinc, mercury, lead and cadmium
in fish flour by a number of laboratories indicate that individual
laboratories can produce analytical data of an acceptable precision for
all these metals. However, when overall means and standard deviations are
calculated for these data the overall precision is shown to be good for
copper and zinc, poor for mercury and very poor for lead and cadmium•

. .
" '.

2. The results of the analyses of ~he circulated refe~ence solution by
these same laboratories indicates that different standards are employed
by each laboratory, and that these differences in standard soiutions could
be responsible for the poor interlaboratory comparability.

CONCLUSIONS

In general the results presented here indicate that there has been an
improvement in interlaboratory analyses since the first ICES inter­
calibration exercise. In my opinion, however, the analyses of mercury,
lead .and cadmium must be improved even further if the Working Group is to
consider comparing data for these metals in future ICES studies. Stronger
efforts must be made to improve these analyses as soon as possible. As a
first priority I believe we should satisfy ourselves that the standards we
use are both accurate and stable over the period of their use in the
laboratory. I have therefore made two proposals concerning standards
which members of the group have accepted and will implement during the
third ICES intercalibration exercise.

RECOMMENDATI ONS

1. A stock standard solution (1000 ppm) of each.metal to be analysed should
be circulated with the next round of ICES refe~ence sampIes. The strength
of this standard should ensure that the standard remains constant during
its period of circulation. These standard shou~d either be used by each 4It
participating laboratory in place of their o~m standard solutions or be
compared to·their own standards in order t9 prqduce a correction factor
for each metal analysed.

2. Dilut e standards
procedure~ to avoid
volati~izatibn(Hg)~

should be prepared and used according to a standard
losses by adsorption (Cu,. Zn,' Hg, Pb, Cd) and by

(Appendix .3).
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leES v.'OPJWtl GROUP FOR'IRE STtIDY O::l" TIIE POU.t.-n:Oli 01' THE WRTR SEA:
INrzaCALIBBJ..TIOH EY.EilCISE

'fou will rcmcmber that at tho last meeting öf thc ~·sts (15 - 17
JanU8J:"Y 1973 at Charlottenlund), osGOciated with thc above stu::ly groupt

, it Wa3 agreed that a i'urtt.er intorcalibratien exercise 'lor trac:e motals
and orgenochlotine co::rpounds, on the linca ot tho one cOl:.ducted in 1972,
'Would be most valuable in prcviding cornparatiVQ data tor thc laboratorioa
participatiDZ in tho overall etudy cf the l:orth Soa.. It was egreed
that thc two refercnce s.::mplc5 tor trace metsla would eOlWist of a. 'lieb
fiour - whosa trace metal content '\:1.:l3 lowor tiu:U11972 reteronco se.mplo
and an a:idic solution cf kno\-ni metal content.

I sm ;plca.aed to intarm you that tho trnce metnl retcrQce oan:ples are
now reaAyBnd that you eho\lld rece1ve them eOon after you receive this
c:3r::::r:'.mication. I must apc10gise tor the ccenidera'ble delq in dit3p!ltchirJs

, these eamplez hut un!Qrtunatel:r a brcs.kdown in the h:::u:1r:cr rdll grinder,
whieh \tiM Ul.Jed for the final ßl"indi.ng oi the ticoh meal to tho fi~e nou:-,

,daleyod ths 2IX1plo prcpar~tio,o. by a nu.n:.ber of vack:3.

H&1 I take this cppertunity of reündiI'..g partieipanta or the follo~d.ns
points, whiclJ. \/31"0 asreQd at the meeting in Jr:.nua..-y ,1972, recardin.:;
a:aalycea nur1 the roporting cf th~ r~5ultts.

1. The 1'i811 nour Ghould be D..."1alyzed b1 th!1 analyticol proc:odure
adoptS)d by ycu for tho baso line tSU1:"tey of traco metals in 1972 a.nd
a1.co by thQ •etnndard mat~od' diacl:.Ssed c.t the last mceting ­
dQtaila of this '8tandard methode will be sent with thc 6acplOS.

2. All analyse.fS abould be c~ied cut 6 timOt> and the tull results
together with mcan vnluGa, staJUlard deviations and. dotails cf the
an.alyti~aJ. rnethod ahould be 8ent to mysolf and to Dr J E Portmtmnt
Fieheri~a Laborat0.."'7 • ~x:9!llhrnnce Avez:ue. Ihn-nham--on..Crouch, EJsscx.
CMO 8nA. England.

I lock tO:'WlU'd to hc!1...~ b..~ :ou in tha near tuture.

Ycurs ci:learely
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I~C.:!.:.~. TRACE MErAL ,INTEBCAIJ';BP..ATION K\ERCf:§!l,

..

SEPTErmE.~ 127:r
Please find enclosed sumples er fieh flcur end standard metnl solution

in :IN acid. Both samplea have been duplicated to allcw tor variations in
mcthodology and in the event of aecidenta.l 8-pUlages. 'l'he.fich flour
samp1e s.'lculd be analysed by your normal anaJ.ytical procedure and also cy
the 'Standa.~ Method\ outlined below.

t1Stnndard Method".. . -
':ehe f'ish nour (oa :5 gm) should be weighed witbout furtll.er drying into-

a 100-150 ml flat bottome~ eilica flaek ~~d treatcd with 20 ml concentrated

nitrie t\cid CAristar er aimUar grade}. The ns.ek :should be covered with a

5i11ca bubble Btopper and allowed to stand ror 1 hour nt roOf» temperature.

Trauater the flaslt to a hot plnto having a surface temperature ol ca. 140°c-
and alloW' the acid te renux tor~ 12 ·hours. The bubble atopper should then.

be removed and the solution e10wly evnporated to a volume of 2-3 cl. Arter

coolins, thc solution and "IRfihincs should oe trsnsferred to a 25 ml graduated

f18sk and diluted to tho mark using distilled wnter.

•

..

The solution u..ould be centri.fuged to rerJOve a..'"lY 5uspended·tI'atter.and

then examined tor trace ~etala using 6t~ndard atomio absorption tocbniques,

. ccrl'ecting tor non-atomic absorption ucing backb'Tound correction.

[Pleas9 analys~. tor as rna:A.y trace tletals as poGsible. but inelude Cu,

~ha :'&8'.llts aho\Üd be roported aa outlined in my recently circulated

letter.

-



APPENDIX !II

Proposals for the preparationand storage of working standards

MERCURY STANDARD

1. Stock solutions (1000 ppm) should be made up in 1N H2S04 or HC1
and stored in glass bottles. Fresh stock solutions should be prepared
every 6 months or when the level of the solution in the container falls
below the halfway mark.

2. Working solutions. This should be prepared daily by dilution using
1N H2S04 together with sufficient 6% KMn04 solution to produce a
dist1nct pink colour in the final solutions. Please check the mercury
content of your Potassium Permanganate solution as this can contain
ver~ high levels of mercury. In practice solution should be prepared
immediately before use and should only have a bench life of ca 2 hrs.

OTHER STANDt.RDS

1. Stock solutions (1000 ppm) should be made up in 1N acid and can be
stored in other glass or plastic bottles. Fresh~lutions should be
parpared every 6 months or when the level of the solution in the container
falls below the halfway mark.

•

2. Working solutions
1N acid•

This should be prepared daily by dilution using



Table 1

UBOnATORY/INSTITU'XE PARTICIPATING IN 1973i1974 lCES INTERCALIBRATION EXERCISE

Ettrticipanto in Beselina purvey

!.nstitu~
Roporting
analyst

1 Sweden
o

St~ten naturvardsverk
.Undersolmings labcratoriet
Drottningholm

o. Lindgren

.2 • France Institute Scienti!ique et Techr~que y Thib~ud

des Peches Maritime, Nantes.

Ministerie van Landbouw . P Herman
Institut voor Scheikundig Onderzoek
Ter\"Uren•

:;. Ge::-many

BelgiulU

BundesforschUDgsanotalt für
Fischerei Iaotopenlaboratorium
IIamburg

U Harms

5 Ministry of Agriculture, Fisheries J Portrr-ar.n
and Food, Fisheries Laboratory,
Burnham

.. ' ,

i

6 Scotland Department cf Agriculture ~,d

Fisheries tor Scotland, Marine
Laboratory, Aberdeen

G Topping

Dopt of Agriculture and Fisheries ror Scotla..'"ld L Caines
Freshwater Fisheries Laboratory, Pitlochry

Nethetands Netherlands Institute ror Fishery
In"lestigation, Ijmuidcn .

.
I
I

I
I
i
I .

I
i

•

7

8

9

Iceland lIafrannsoknastofnunin
Marine Research Institute,
Reykjavik

J Olafsson

P Hagel

Analyst•

\
·1
•i
A

1
1
!
i
1
I
f
t
t

·1.
I
!

10

11

Marine Biological Association cf the United
Kingdom, Plymouth

Deutsches IIydrographisches Institut
Hamburg

D Scr.•midt



§...l.mmar:r cf the In.dividual Analytical Techn:lou~s F.,mployed by I.aborator: e~.

Lab. No

1

.2
"".

Merr.u.: :t.
....). . .... _ ••.• ,...... • .0-.-,

Vf~~ "4~(~St't,~C:~ .~i.~.:h. .~O,j~~~04 }~~ 70°Coverfii 6 H ..- .• •• ,e."'" -. "'. ,,,! . , ' .' .

.c<Sl'Ö:' vap6u.r analysis us'ing IRD
'1'.c·rcurimeter.··'·· .1 : .. ' ',:.. ' •.

\Yet digestion with HNO..JH S0h.
(5O-60~C· ..~or ·,2 hra fo1l6wea bY. K.H.n04
ßolut:Lon..:··· Cold vapour analys:l.s.

Othp.r Hetale '

Wet digestio~ ~i~~ ~~~~~C1O~ at 70°C.
A.A. ~ing Perkin EImer 303 ~ith

background correction.

Wct digestion with H.~03InC104
AA using 8.11' acetylene flame.

Dry decomposition using SchBninger
flask combustion folIowad by cold
vapour analysis.

3a
":"

....... . ":; .:~. ,..

Wet digestion with !L\~~j)IC104 using
"Bethgell apparatus. Zn, Cu, measured
using standard AA technique. Cd ~d ~b

measured usil'ig rta:neless AA ' ;.. graphit'e
tube furnace.Mn, Co and Ni measured
usir.,g x-ra.y nuorescence.' .,'

•

3b

4

5

6'

7

9

10.

11.

Wet digestion using "BI:l'thge"
apparatus - FJ\U~H2S04 followed by
HNO~/HCIl)4. Co1.d vapour analysis;
J~ell ASh mercury analysis kit.

Wet digestion H2S0~H202 + KMn04
Cold vapovx er~ysis.

: .~

riet digestion H2SO~/IDm3 at
+ Potassium perSulphate .. ,
Co~d vapour analysis.

Dry combustion at 9OOo _1000°C
followed by ~bsorption ~~ X!~o4/H2sc4
Cold..vapour analysis. ;, : ....~ .. .

. ", . .." . .~ . .: . '; . . , '

Atomic Ab~O;Ptio~.New~iette~;(1971).
.!Q, ,P :101-.103 (H20~' replaced' by <

ascorbic' acid] , C.,: ,,~ "
Flar.leliss" AA 'foIlowing amalgamation
procedul'e using gold.

W~t digestion ~i~h F~I~;/1!2S~usir~
aJ.r condenser.· ': .;' . J

Cold vapour 8Jlalysio.

. .;

..'.

..'

;'

, ;

rt : ":~.:> :~~.:'" ~: ..:..... :

Wet digestion using lL~O /HC1~4. '
Cd aJld Pb determined b?HGA-72 (Perkin
E' rner). .

;. -'

Dry combustion at 1•.50°0 tor Cu, Pb
B.."ld Zn. Flameless AA for Cu and Pb.
Flame AA for Zn. .
'tJet digestion for Cd. Flameless AA
for Cd. '. 'i,

(Perkin.Elmer.303J

Wet digestion~,Cu,Znt Cd and Cr by
flame AA using background connector.
Pb extracted with APDC.and Mla~ -
fJllc'Ned by .n~e .. M. ;, .. .. ,_.: :. '.'

• ~ • .. •• ~... "'~ _,.:' • ." I •

Wet ,dig~stion u~ini a~o3iHC104.
Flamo AA for Cu t Cd t Pb and Zn using
1.L.251. (bn.ckcrou ld. correction "
incorporated into double ~eam.sYBtem)

• ...':l;._. ....
. .: ,~( .~ .:

.:.~... < •• '

.: '4;"':' '.• .'; .).:
.~; :~.:' . '.'...
# _. _.

: .,
. '.

~/e,t·: digestion using' mTo:;' followed ey
fla.'lle AA ~ Perkin Elmer 306•.

~, ." . . ~.

, . '
.... . ....'

...Wet .'(ii·ge~t'ion uiing HN03 followed by

.f1ameless.AA using RGA 74 -Perkin
Elrtler ,300;" ':," " "':'f "-



'Pable 3 IRESUI..TS OF FISH' FL{)UR ANAI,YSES*

" USnfG TlE STANDARD ?ITi:TI~'yD

Hetal Concentration mg/kß.

Lab No Hg Cu Zn Cd Pb Cr Mn Co Ni Fe

1 a 0.655 10.05 23.88 0.L.o3 1.4 0.05
b 0.017 0.64 0.29 0.055
r: 0.65-0.68 9.2-10.7 23.5-24.1 O.35-0.~-8 1.4

3 a, 8.7 29·5 0·55 3·0 2·7 <.0.5 3.1
b 0.6 2.1 0.08 0.17 " - 0.2 0.29
c

4 a: 0.83 9.86 27.42 0.47 0.25
b 0.008 0.79 0.063 0.133 0.008
c· 0.82-0.84 9.16-10.67 27.35-27.50 0.34-0.59 0.24-0.26

5 a. 0.47 10.1 23 < 0.2 2.5 .... 0.3 -
b 0.07 0.,5 2 ~2 "
e 0.37-0.58 9.7-10.8 21-25 ~Oo2 2.3-2.9 ,....0.3

6 a, 0.62 9.9 25.7 0.39 2.0
b 0.03 0.4 0.9 0.03 0.2
c' 0.58-0.65 9.5-10.4 24.4-26.9 0.37-0. l I-3 1.7-2.1

7 a 0.485
b 0.037
c 0.45-0.551

9 a 0.45 9.2 2:1.0 0.4 2.4
b 0.03 0.4 1.4
c 0.41-0.48 8.9-9.9 25.5-28.5 0.4 2.3-2.4

10 a, 9.97 27.7 0.43 1.84 2.07 2.15 74.2
b 0.60 0.4 0.05 0013 0.15 0.37 14.7
c -.

11 a 7.6 24.2 0.332 ' 0.132 2.5 62.0
,b :; 1.0 1.8 0.003 - 0.034 - - 0·5 6.7

,,0 6.4-8.4 e 20.8-27.5 0.323-0.342 - e 0.098-0.166 - 1.8-3.2 .56-70
* a= mp.an ..1ue b= standard deviation c~ ranee of values
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Table 4. RESULTS' OF PI~q FLOUR ANALYSES*
" tlSIY.O THE INDIVIDUAL METHODS

Lab No Hg Cu Zo"1 Cd Pb er )Ion Co Ni Fe
1 A.' 0.662 8.63 26.87 1.12 <3 0.60

b 0..043 1.60 1.34 0.23 0.14
0 0.62-0.73 6.8-11.4 25.7-29.5 0.9-1.4 0.4-0.8

2 9.: 0.75 9.5 24.8 0·7
b 0.04 0.9 1.. 8 0.1
0 0.. 71-0.81 8.4-11.1 22.1-2'7.6 0·5-0.9

3(i} ?' 0.47 10.0 31.1 0.49 2.6 2.6 0.04 3.5
b' 0.03 0.6 1.6 0.05 0.16 0.17 0.005, 0.30
0

(ii)a 0.73 0.43 1.74
b 0.05 0.04 0.08
c

4 Ei 0.83 8.62 27.12 0.73 1.26
b 0.038 0.539 0.426 0.111 0.178
c 0.79-0.87 8.08-9.41 26.63-27.58 0.58-0.82 1.06-1.42

5 e. 0.63 10.1 23 (.2 2.5 -.3
b 0.03 .5 " 2 0.2 -.
c 0.60-0.67 9·7-10.8 21-25 <.2 2.3-2.9 ...... 3

6 e. 0.65 9.6 2.5.6 0.35 1·9
b 0.04 0.2 1.0 0.02 0.3
c 0.60-0.70 9.4-9.8 23.8-26.6 0.33-0.37 1.7-2·3

7 e. 0.717
b 0.011
c 0.702-0.732

8 a 0.6 8::3 32 1.1
b
c

9 a- 0.53 10.9 31.6 0.5 <5.0
b 0.02 1.0 0.7
c 0.49-0.56 9.8-12.4 30.8-32.9 0.4-0.6 <5.0

* a = mean value b.= standard de'nation c = range of values

e,
J
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Tablc 5 •

PesllltR of P.~ference Solution Analyses*
Metal concentration ug/ml

Lab No Hg Cu Zn Cd Pb Cr }{n Co Ki Fe
1 a,. 0.110 0.460 0.548 0.201 0.340 1.365

'h 0.004 0.018 0.001 0.004 0.009 0.028
c 0.104-0.112 0.'t40-0.1f76 0.,547-0.550 0.195-0.206 0.330-0.3~ 1.320-1.395 -

2 a 0.14 0.4 0·53 0.12
b· 0.005 0.03 0.04 0.007
c 0.13-0.15 0.33-0.45 0.47-0.60 0.11-0.13

3 a. 0.10 0.50 0.54 0.07 0.07
b 0.008 0.02 0.04 0.01 0.02 -.
0

4 a· 0.18 0·392 0.608 0.061 0.249
b O.OOlf 0.012 0.0,36 0.0006 0.0055
c 0.18-0.19 0.375-0.408 0.573-0,,669 0.060-0.062 0.240-0.256

.5 a. 0.'i24 0.48 0.50 0.15 0.1+9
b
0

6 B. ,: 0.10 0.40 0 ..51 0.10 0.23
b ; 0.01 0.02 0.01 0.01 0.03
e

7(i)a 0.125
b 0.002
c

(ii)a 0.149.
b 0.002
c

9 a· 0.12 0.4 1.0 0.1 0.3
b.
0

11 a· 0.415 0.375 0.120 0.822 5.1 0.008 7.8
b 0.034 0.041 0.00,5 0.003 .0~3 0.47
c 0.366-0.448 0.320-0.407 0.117-0.127 0.820-0.825 4.7-5.5

Trus . . O~10 0.4G 0.50 0.10 0.30 1.0 5.0 8•.0
Values

*' a ... mean va,lue b • standard deviation e ... range of vs.lues-

·e
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Table 6

~s, Standard Devia.ticrts (s.d.) a..'1d Coefficients of Variati.cn (e.v.)
• - o'i~.li EC'"mples-from all ~i_nstitüte_5 ....... _. - -

Fi&"l flour

Metal. R1'lference solution Standard l'licthod Individual method

Mercury .122 .585 .667
s.d. .029 .140 .11'1
c.v. 23.8% 23.9% 17.5%

Lead .2'14 1.66 2.00
s.d; .065 1.00 .54
c.v. ~3.. 7% 6o.~ 27%

Copper ..428 9.3l t 9.54
s.d. .041 1.05 1.17

E e.v. 9.5'" 11.2% 12.2%

Zine ·552 25.8 27.9
s.d. .086 2.5 2·7
e.v. 15.6% 9.'1% 9.7~

Cadmium . .. 110 .424 .617
s.d. .045 .C95 .249

Jc.v• lt1% 22. Lt% 40..3%



Table 7

COEFFICIENTS OF VARIJ.TION CF INDIVIDUAL l-WrAL ANALYSIS CF FISH FL01","'R

Mean
Value

.'

.USINe (a.) STANDoG.rm Jt!ET!ICD

8.6

(b) IIIDI'llIDUAL MErItOD



Table 8 Comparison of 'normalised' mean values of mercury in
fish meal with original mean values submitted by
individual laboratories. .

Lab No.
Original mean values 'Norrnalined' values

Standard Industrial Sta."ldard Individual
Procedure Procedure Procedure Procedure

1 0.65 0.66 0.60 0.60

2 N.A. 0.75 N.A. 0.51-+

3 N.A. 0.47 N.A. 0.47

4 0.83 0.83 0.46 0.46

5 0.47 0.63 0.38 0.53

6 0.62 0.65 0.62 0.65

7 0.48 0.72 0.35 0.52

9 0.45 0.53 0.38 0.. 44
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Table 9

PreQaratio~ cf Morct~Y Standa~ds

.
;
1,{
I

~

ti,ab No

1

2

.3

4

Stock Sol\\tion

1000 ppm B.D.H. standard
solution

100 ppm. Prepared in la'boratory
using HgC~2 eYery 4 months.
5% conc. Hri03
1000 ppm llHerck Titrisol"
1N HNO .
every ~ months

500 ppm
Prepared in laboratory
ur. H

2
S04 (+K.'in04)

every month

1000 ppm
Prepared in laboratory .
556' r:onc. mro3...,6 mol'lths

1000 ppm BDll
1:N' Hel
6 months

100 ppm
1N HI~O~

1 montu

1000 ppm
O.1N Hel
1 Y6lJJ.·

1000 ppm BDH
1NRCl

Intermediate
- Solution

10 ppm (0.1.N
Hel) weekly

1.0 ppm
,5% 1L~03
daily

10 ppm
,5% conr:. mro3monthly

Daily or
~ing Solution

0.1 ppm (0.1:N
Hel) daily

0.1-1.0 ppm
5% conc HN03daily

0:004 ppm

daily

0.1 ppm
5% liNO
da.ily ,;

10 ppm
0.01NHC1 (+KMn°4)
daily'

0.02 ppm
In HNO
1-5 dafe

0.1 ppm

O.1N Hel
every 2 nours

0.002-0.010 ppm
10% H2S0l/'4O%HN0

3weekly
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Fig. 1a The relationship between the mean concentration of mercury in fish flourl
end the mean concentration of mercury in the 0 i

O.80r.reference solution - IndiV~dual proced~re
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Fig_ 1b The relationship between the mean concentration of mercury in fish flour
end the mean concentration of mercury in the (I)

0·80 - reference solution Standard Procedure
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