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IllTRODUCTIOH 

In a report devoted to North Sea pollution (ICES, 1974), o.ttontion was drawn to 
the difficulty in cooparing rosultc of trace I:Jetal levels in sea water analysed by 
different institutes using a variety of techniques. Tne nature of such discrepancies 

were further exno.ined by Duinker et !!J. (1975) who_ reported on an intercalibration 
exercise between various institutes in Belgium,· The Netherlands and the United 
Kingd.OI:J • 

A meeting of the ICES Working Group on Pollution Baseline and Mani toring Studies 

in the Oolo CoI:JI:Jission and ICNAF Areas appointed an analytical subgroup to examine 
the feasibility of organising an international baseline study of trace metals 
dissolved in the watoro of the ICNAF and Oslo Cotmliosion areas of the North .Atlantic. 

(ICES 1975a}. The group reported that a project ,,as not feasible until an intercali­
bration of techniques by participating laboratories had been conducted. (ICES 1975b). 
They proposed a tripartite progrru:JI:1e involving(i) an· intercalibration of a relatively 
concentrated standard �etal sol�tion.(i�) an intercalibration of actual sea water 
samples (iii) a nulti-rcsearch vessel workshop. This report describes the results of 

the first part of this progra.mI:1e. The o.iI:J of the project was prioarily to test 
standard r:ietal solutions used in routine analysis rather.than to intorcalibrate ana­
lytical techniques. The exercise was originally planned to include only those 

_. laboratories that Dey- provide on input to future studies in the IClW/Oslo Commission 
area. Ilowover requests to po.rticipato·were received froI:J other institutes ... Samples 

. . . . .., . .,. . . . 

were sent to all who requested thcri, in view of the obvious scientific value of 
participation by such on expanded Gr()up. 

METHODS 

The smnplco consisted of two oolutiono in which leo.d ond ch:romiUI:1 were separated 
to· prevent tho precipitation of lead chromate •. Soluti_on Ji. contained Hg, Pb,. Ni, Co 
and Fo and solution D contained Cr, Cu, Cd, Zn and Mn. The smnpleo were prepared by 

mixing comorcially prepared standard a.tome o.bsozption reo.Bcnts ouppliod by Hopkin 
and Willio.t:10. Each reoeent was first testo� £or contnrn1nation by the·other metals 

and o.11 were found clear. 
Somo 45 cm::iplea wore distributed to participants early_ in 1976. lmo.lystc were 
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..
asked to report on the metal concentration of these elements they routinely measure.

Triplicate analyses uere requested and i t was emphasized that the present exerS}ise·
",

l'las a test of sta.'1.dards 'rather than analytical tecbnique. Institutes were a~ed to

retum unused sampIes for a stability check. These samples were measured by the

atomie absorption flmne teehnique against single element standards prepared from the

original Hopkin & Hilliams reagents. ThuEl one must assume no deterioration in the

original reagents during the approximate 6 menth period of the exercise. Tbe whole

programme was organised cimd conducted by the Research Support Groul' of the Lowesteft

Fisheries Laboratory.

:By mid July 30 sets of results had been received. These Institutes which replied

are as 1'ollo..,S:-

Canada

Bedford Institute of Oceanogral'by, Dartmouth

Department of the Environment, Victoria

Fisheries Research Board of Canada, Vancouver.

Denmark

Uater Q;uality Instit'll.te~ H;trsholm.

Federal Republic of Gemany ,

Deutsches Hydrographisches Institut, Hamburg

" Institut fHr lIeereskunde an der UniversitB.t, Kiel

.. ' Uax-Planck Institut fUr Hetallforschung, Schllabisch GmUnd.

Finland

Institute of' lTarine Research, Helsinld.

France

Institut Scientifique et Technique des Peches lTaritimes, Nantes'.

Greenland

Gr;tnlands Fiskeriunder?,bgelser, Charlottenlund.

Iceland,

Ha:franns<Jknastoi'nunin, Rcykjo.vik.

Net:nerlnnds

.- ,Hederlands Instituut'voor Onderzoek dcrZce, Texel

Rijksinstituut voor Zuivering Afvalwater~ Lelystad

TNO Central Laboratorium, Delft.

2

•

•



-----~--- -~~~

'\-
, ( I. • ., l

,". ': ~ .:

•

•

Oentrai Institute' 'for Industrial' 'Research, J31indem
,.. . ' . . ... .~~. . .. ;. .

Dept 01' Chemistry, Univorsity of Os10
. -; -'. ..,.... . ~ : - ~ :.. ;! . . .' :. . . '

Iilstitute for Imine J3i'ology and Limno10gy, University 01' Os10.
. ." '" ; '. ; ~ .; ,..:: . .'. .

Portugal
, '.. :". -

Centra do Goofisica das Universidudes de Lisboa.

UK

Clyde River Purification J3oa:ro, East Ki1bride

Dopt 01' Agriculturo and Fishe"ries f~r sc~tland, :Harine Laboratory, Abordeen

Dept 01' OceanogTap!1Y, UIiive'rsity 01' Live~ool
Dept' 0'1' oceario~p~', Univ~rsity 0,1' Bouthampton

Institute 01' 11a.ririä Environmental Research, P1ymouth

Imperial'Co11ogeofScience und Tecnno10BY,Univ~rsityof'London

Minis~ry of l~~cu1ture~'Fishe~ies~d'FoOd,Fisheries Radiobl010gical

Laboratory, Lowestoft

Southe~''''~t~rAu~or~ty, Brighton

Southern 'vater Authorlty ~ HiD.chcster

"lessex i'Tat'er' Autho~itY, Poolo.

USA

'Skida\-lay Ins~itüte 01' OceanoiraphY, Univorsity 01' Georgia.

USSR
•• .4 _, '.

Dept 01' tho Ealtic Sea. fustitut0 , Tailmn•

BESULTS

The results 01' tho oXercisc are shown in' Figura 1 and Tables 1 and 2. The

parlicipating iaboratoric~ arG 'anonyinouS and c'odo' ~uinbers' ware allocated in chrono-:

10gi6~ order oi rccoi~ the rop1ies. FigUra '1 summarises the results in histogram
. ~ :.,.

fo:c:n after the data bad been soparated into graups 01' 51& deviation from thc expected

value. Thc 1argest' ~~b~r 01' ob~e~~tions, other than thoso 01' morcury and chromium,. . . . . . .

fell within * so;6 01' thc theorotical value. The greatest number 01' chromium and

mercury results occurred in tho grOups·-10.1 to -15.0 and -5.1 to -10.0 respective1y.
. " . - ,

The rOMon for, these anoma.1ies is not abso1ute1y clear. There was a tendency for

mercury values reported by cold vapour atomic absorption tobe 10\fer than those

measured by flome. However, this trend '-Tas not statisticallysignificant, prabably

because 01' an insufficient numbor of observations. "
.. (

It is difficult to select the limits of an acccptable deviation frani thc
- .. ~ . '

expected values. The present oxercise inVolved a concentrated meta! standard rather
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than 0. sea water erunple of low metal content requiring several mmlipulative stages

during analysia. Hcnce one I:lC:lY expect 0. comewhat better accurocy in the precent. . - '. '."~.. '. '.' ('"
exercise compared with an intorcalibrationof eeo. wo.ter exorcise. However a,\limit

of ± 10% deviation ~rom the expectod vnlue should encompas'ö acceptable en~y~iCal
error. Out of ä total of 232re~ults, which included'all ei~~ts, apprmdm~tcly

20)6 \-rere outside ± 10}J of the expected value end 6.59b were outcide the ± 20)6 limit.

Tables 1 ~d 2 lists the results in detail ond ineludes aome simple stc.tistieal

tests. Tbe lack inunifoDllity of muc'.h'~~:r th~ dat~, ;~uch ~c.fu~ 'v~iable number of

replicate analyses by different particip:mts ~d the variation in the total number of

elCI:lente analyced by eaeh laborato:ry, means that the rcsultc of these tests should
• • t • " • > •

only be used to indieate relatively'coarS'e trends. ' , ,
, , • , I

Apart fram mercu:ry, ehromium' Md iran, the total meen metal eoneentrations of 0.11
,< \ •

partieipants was rcmarkably elose 't'o t~e exPeeted Va1ue~ thus' ,substantiating to a

large degrec thc reoults prosented in Table 1'. Tno rather lrlgh inean iran valuo of

157 ppm reoulted from a reiatively largo nUmber of observations in exeesc of :!: 200;6 •

of the expeeted value. Private eomum.cdti.'on uith partieipnnt numbor 21 ~howed the

value of :1:' 20. 296'for ':ir<nl t~: htJ.ve resulted from :Dnerror :Ül his '6l-.n standard s~lution.

Of those smnplec rotu:rned for stability chee~s, thcro was no evidence, of an over-
~ ," ~

all markcd deterioration in the ctability of a:ny on~ metal end ,there wao n~ clear

relationohip bet\'reen deviationo from the expeeted values in the recults submitted and
, ,

the check value of the relevant sample. Cobalt data on the rotu:rned oaL1ples are

incomplete owing to a lomp failure.

Thc eoeffieient of variation on,eaeh set of roplicate results ~eported by the

partieipants "ms caleulated' in 'order to aSBess the pi:c~ision of their meaourements.

This value varied eonsiderably between individual sets of results, but the mean

value for eaeh metal wao fairly constant, ,falling mainly betl'/een 2.1 and 2.8.

Chromium and zine emergod sOlJowhat b~tter uith val~es of 1.4 and 1.6 rospeetively. •

The eocffieient of variation on eacn motal was also calculated using the mean

vo.1uec reported by the participanto. In this ease 'V ohowed 0. wide range of varia­

tion between copper at 6.3 'and iron at 19.9. Th~ relativeiy poor tmifomity" ~f tho

iro~ results wa~ ~doubtedlY a result of' the ~xeeosively hißh, valuos reported by
some po.rtieipants. ','

Correlation coeffieicnt tcots wore mado betl'/een' the %diserop~cy of oach

p~icilni.nt from thc oxpectcd metal vaiue ~ci 'his ~oofficont of variation,' in ,"order

to o:ssess :Lf'thos~ reOult~ ,'rhich' ShOlYOd tbe grCates~"dev~ation fram tho exPe~ted '

. 'values aloo ohowcd 'thc poorcot ~eproducibility. Tbo' taot linD made :ror en~h ind:ividu~

meta! (Tables 1 and' 2) and also for tho ~e.m valu~s of 'all metols in both solutions.. '.. ...., . "..' '. '" ,

A end B; (To.blc 2) .T"ne oign of the discrepancy was iß'norcd., The correlation ,

c6effiei~nt l'/~S :p~bablySignificont for land atth~ 5% 'iov~l (r = O.44)and IlO~G::hät
leoo oignificant for copper and caami~ ('~ = o~3'5 nUd. 0.30' rc~poctively)~ Tne ' , ,

reJDDining ,metalc ~rio~'/edl no ..~~~ ~o~olati~n. ' H?~evor, the o,jorall teot of
'J.' 'Ir!' ... ' . • -,'
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correlation baoed on tne mean of all the values was significant at the 1% level

(r = 0.48). Tnus there is some evidencc that thc l::a:gcr deviationo f'rom tne expected

valueri' 'lere associatcd with a lower degree of precision.

S.ome participants uoed cOIIJI:lercially prcpared otandard metal reagento in the

exercise whereao others 'prepared their owri standard; either by dissolv:tn€ the mctal

inacidor preparing a solution'of' the salt.' Tests'were made in order to ascertain

" if thc wo baoic techniquesinfluenced the degree of deviation' from the expected"

valuc. However, a t tect for two mean~ of' a popuiation with unpaired' samples was'

found not to' be significant for 'either indiVid~ metalo or all data grouped together.

DICUSSIOli

•

•

" To summarise the findings of tho"present exercioe, the distribution of reported

values f'or most metalo fell fairlY evenly on eithcr side of the expccted value. -: The

exceptions were the diotributions for mereury and chrOmium, which tended to be skewed

towards the 'low side, andiron, where a relatively large group of values were greater

than 2cr;6 of the expected level. The 'oercury discrepancy may be related to the

technique of' oeaourement. The high iron value may be caused by the removal of the

metal from the participants own solution either by precipitation or adsorption. The

possibility of' euch' a procese chould be investigated. further~ If Orle takes a devia­

tion of ±10% from the expected value as the limit of acceptance, then the 20% of the

returned observations which fell outside the acceptable range should recoive furthcr

investigation. There was some evidencc tnat the results which showed the largest

deviation from the expected value alsoexhibited thc lowest precision of measurcment.

Such a trend scems a reasonable cxpoctation,although clearly this f'eaturo is not the

major cause of the discreponcy. Finally, there was no evidenee to relate tne nature

of the participants I own standard Dolutions with a:ny of the diserepaneies coneemed•

. lIost of t?eobcervations were :made by atomic absorption. Th.us thcre are

insui'ficient data to aoses's the rcsults by different analytical techniques~' "

Duinker et al (1975) suggested· that diserepancies in the intercalibrati~no'f sca

water samples were related' to the metnod of' analysis. Houever, theoreticc3J.ly there

should be no such corrclation in this instanee, sinee standards rather than mcthods

were being comparcd.

Further exami.nation of thc discrepaneies observed scems only feasible by a

detailed collaboration uith individual participants. Such a proceos would be time­

consuming and mny not ncccssarily eliminatc future errors. It is theref'ore proposed

that arrangements for the ncxt stage of the intercalibration proCXl3IllI:le should proeeed

and that f'rozen Dca water samplcs bc distributed during the first part of' ncxt year.

At the sa;cc time it io proposed that a coneentrated multi-element standard, similar

to thc ono uced in the prescnt exorcice, onould be distributed. Participunts wil.l.

bo asked to analyse the unknown sea water both against their own standard and thc

one providcd. Thus tho rcoults of' the Deo. watcr exercioo ohould provide continuity

\',ith the present trial and a more dctailed analysis of the preoent data may then

5



prove feasibleo

SUIIriARY .. ;

An international intercalibration of standar<i",t~acemetal solutions was conducted
, -

,mder the auspiccs of tne lCES llorldng G;roup, on;, Pollutio~ Baseline and !-Ionitoring ,

Studies in the Oslo Commission.and lCNAF.,Are~s.:~:;·Participantsreceived concentrated,

standard solutions containing Hg, Pb, Ni~ Co; Fe,,'Cr; "CU, Cd', Zn, c.:nd i,In c.nd ,were Q.okcd

to measure as many metals ,as possibl~ ~i.nst.their' OYm. standard solutions.,' Measure­

ments were requested by thc simplest, ;po~ßibl.e techni.que:: since this "laS not an

intercalibration of analytical methods. From a total of 232 results, ,approximately

20% lIere outside ±10% of the expected value. Mercury and cnromium results tended to

be low and several iran values were 200ktoo"high.': Remaining deviations were fai.rly

evenly distributed. VariouS statistical tests uere applied to the data and there was

,an indication,thatthe greatest discrepancies uere associated with a low degree of

prec~s~on. lt was praposed that'the seco~dcstage of the lCES exercise involving the 4It
intercalibration of sea wate:r: samples i !3houldproceed as planned•
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TAIlLE 1. Tbe ~1a of lIetal solution .1.

In8titu't.
and ••th04

Me:rc1U7
286 ppI1

.. Lead . ­
286 pp.

1Uckel
143 ppm

Cob&lt
143 pp.

Iran
143 pp.

3.22 143
1.&8 150
1.22
1.88 1'"

10.39 140
0.88 1'"
3.9' 131

.0.00 1'1

'.98
1.75 154
0.0 1'1

,2.69 150
4.36 154
1.82

154
4.12

154

"",-
Dbo.

"
..an
(no. 'of
ob.)

143(12) 0.0

259~8)' 81.1

112(1) 20.2

~~~~~ -~:~
165~'~ 15.4

1403 -2.1
124 , -13.'

. 142 3 - 0.7
137 3 - 4.2
177 , 23.8
161 2 12.6

, 141 3 2.8
1562* 9.1

231 2 61.5
144 3 0.7
146 3 * 2.1
150 3 4.9
143 3 0.0
146 32.1

158(3) 10.5

130(3) - 9.1
.143(3) .: 0.0

cheok

143

130

136
136
130
130
136

v

"

12.6 0.36
- 0.7
26.5 1.69
4.2 2.79

-2.8

- 2.8 4.34

-11.2 9.23
8.4 1.49

'.
- 2.8 1.50

0.0 0.70
- 2.1 1.65

- 2.1' 3.57
'5.6' 5.97

-12.6. 4.00
0.7 0.49

Dbo.

"

, ,
161

1
3

1
142 1
181 3
149 3

143(3)
140(3)*

146(3)

check mem
,(no. of

ob.)

150

153
155

155

155
150

147
151

143
147
155

150
143
150
148

v

"

·0.7 2.61

8.4.

9.1 0.72
1.4
2.1 1.42
0.7 1.75

1.4 2.07
- 2.1

-14.0 '7.72
2.1 .1.58

- 1.4 3.09
- 3.5 0.83

0.7 0.40
- 1.4 4.65
28.0 3.20

0.0 4.50
3.5 2.39

- 9.6 . 1.09
- 7.0 ,1.15

1.4 0.79
0.0 1.40
4.2 '1.55

- 2.1 1.60
5.6 7.85

aean 'D180.
(no. of "
ob.)

155(1) ,

156

1
3

1
145 1
146 3
144 3 .

145(12)
140(1)

,~H!i!.
141 3
183 3

143 3
148 2 *
129 2
1333
145 3
143 3
149 3
140 3
151 3

144(3)

~~gg~

283
279
276
276

283

270

oheck

287
276

283
273

277
280

280

292
283

286
286

. 286
286

1.68
0.00
3.17
5.10
3.01
0.66
4.46

- 2.6
- 1.4

4.6 3.37
3.1 1.46
3.1 1.87
4.9 1.00
2.4 1.77

- 1.0 6.47
- 0.7 0.61
-15.7 .14.20
- 7.0 4.19
-10.8 2.35
-20.6

2.1 1.21

0.45
0.00

- 1.7
4.9

- 4.6
15.0

- 7.3
11.9

- 1.4

10.5
5.2

, - 2.4
- 2.4

8.7

31612j301 3
279 1
279 3
311 3

278(12)
282(1)

aean .D180.v .
(no. of" "
ob.)

299 3
295 3
295 3 *
300 3
293 3
283 6
284 3
241 4
266 3
255 3

'227 1
292 2

281 3
.. 300 3

273 3
329 3
265 3
320 2
282 3

v.:' ch.ck

'"

D1.o.

"

- 1.7 1.48 260

-12.6 1.42 293

, -11.2 2.02 300
- 0.3 2.48

- 4.2 0.91
-12.2 4.71 300

0.0 2.99

- 7.7 '2.25 '306

-13.3 2.40 266
- ,.,. 296
-16.8
10.6. 7.86 282

-16.1 0.00 300
'~52.8 2.22 266
- 3.6

250(2)

281(3)

254(3)
285(2)

274(3)
251(5)

286(3)

264(8)

24813j267 1
238 1

. 317 3

240{2~135 3
275 1 .

. 1 ' (C) II .
2 II
3 (c) ll·
4 II

i l~lg
~g~ g~ ~
H ~g~ ~
13 ~ci II
14 II
15 . J.ST

gm!~l ~..
19 J.ST
20 (c) II
21 (c) II
22 II

.23 II
24 (c) II
25 II
26(2) II
21 ES

~; . ~~~ f
30 ~C~ II

2.12 145157

19.92

0.12

2.83, .134145 .

·9.08

2.51 150145

7.54

2.69 281266

. .......:----
0.06

. 15.0

257

r

....."
II .1tadö J.bsorption. J.A1 . d1reot. ll2 Standard addition. J.SV Anodio etr1pp1Jlg voltamet17' Im' X-rq fiuore.oenoe.
(c) In8titut. und oOBal!ire1al17 prepa.red .tandard to dete:m1ne 1mknovn uo.Pt for ••tals v1th ut.riak
., Coeft101en't of nri&tion, and correlation ooeft101ent

• cheok - aetal oantet of returned sub.U!l'l.. ..

ES flID1.s1on SP.otrosoOll7

'" .,
, t", "

.. •



TAllLE 2. The ana.1,rels ol metal solution :B.

Institute,
and m~thod

ChraIitill
232 pp.

Copper
~ 232 ppm". ~~.

Cacbl1\111
179ppa

Zino
179 ppm'

Mangane.e
" 179 pplll

All !letal.
Soluticna J.&B

check Mean Diso. v '
(10. ol " , ,"
ob.)

185
179

"180

Meau.,

"_ ....

, 1.11

1.}2
O.~

2.26 - ,
1.23

·'3.09
: 0 00'
.. 1:86

cheelt Mean
Di.o.

"-
183 3.4 2.78
179 4.5 1.61

4.1 1.89
179 4.5'.; 3.31

8.8' 3.54 ..
183 9.0 0.84
183 3.0 ' 3.47
183 3.0, 1.01
174 6.7, 3.02

20.0 4.73
179 8.6 1.17'
183· 1.6 1.26

5.6 . 2.63
172 . 2.4 .1.81

1.9. 2.80
6.5 ; .. 10.92'
4.4' 2.00 "

, 17.4 5.19
9.6' 4.78 ..

, 3.5. 1.80
16.4'·'
3.6
8.8
7.6

176 6.3
4.1 .

183 7.8
1.3
4.9

181 ·10.3
2.2

38.2

. 0.6 1.89
- 1.1 2.28

1.1 1.15
3.0 2.76

2.8 0.00

3.4.

5.0, 0.31
1.1

, -.6.7 0.60

180

1
4

1
177 3
181 3 •
186 3

185(1 )

188{3~181 1
167 3

.184 2 2.8 1.15
178 3 - 0.6 1.80
186 2 • 3.0 2.66
166 3 .- 7.3 6.44
178 3 - 0.6 2.25
1263 -29.6 '0.91'
178 3 *, - 0.6 2.83

.180(3) 0.6 1.40
180(3). .0.6 1.92

180(3) 0.6 '1.67

180

186

182
183
18,
183
180

179

'185
182

182
180

,179
179.

1.27
0.85
2.10
0.84
4.35.

- 0.6 1.49'
11.7 '0.71

4.5 '3.13

- 6.7 2.99
- 2.2

- 8.4
1.1
7.3
1.7

- 2.8

.0.6 2.81
- 0.6 1.42
'3.3 1.36

- 2.8 4.47
1.1 1.15'

11.1' 0.00
- 1.7 0.65

0.0 0.56'

187(3) .

167(12)
, 175(1)

~~tl;l192 3
182 3
174 3 .

178(3) .
200(2).

.' 178(3) - 0.6' 0.00
118(1) -34.1

192111 7.3184 2· 2.8 1.92
177 3 .- 1.1 0.65

, 173 1 - 3.3 .
··175 3' - 2.2 1~44

check Hean DlIc. v
(10. ol" %

.' ., ob.) .

; - 1.7; 3.66 179," 180 4
.' - 1.1: '1.18 176 178 3

. 3.0 2.95 185 3
- 0.6 '3.61 179 174 3

1.3 0.95 179 181 3
-'1.7 1.20 179 ·200 2
- 1.1 1.63 179' 176 3
. 0.0 0.32 179 179 3 •

- 7.2 1.28 177
. - 7.8 11.57
-10.6.0.36 177

1.7 2.91 179
- 3.9 7.81 177
- 1.1 3.63 177

0.0 1.79
-11.7 4.84 177

1.1 1.09
43.6 4.13 183

-13.4 4.52
2.2 0.84

- 4.5 181
1.7 '0.39 177
8.4

- 2.2 1.21 185
3.9 0.00· 177

- 1.7
3.9 1.61 181

167(3). - 6.7' 4.41

. 175 4
'177 3

186 3
178 3

. 182 3
1762
177 3
179 3 •
166 2
165 2

'160 3
182 3
172 3
177 3
179 3
158 6
181 3
257 2
155 3

·183 3
171 1
182 2
194 1
175 2
186 3

. 176 1
186 3

check Mean Diac.. v'
(10. ol "".ob.)

238 ,175~12) - 2.2 1.71 181
182 1), 1.7
255 6) 42.5 6.57

3.12 241
2.63 232
1.73
0.00 238
1.71 238
0.56. 238

.7.30 235
0.64 235
3.27 229

232
235
232
225

- 7.8
- 1.7

3.9
3.4
1.7
9.5
0.4

- 4.72.6 '
3.0
0.9 1.08
0.0 0.00
4.3 2.38
0.0 0.90

- 0.9 0.43
6.9 .21.45
0.0 1.00

-18.1 .5.24
- 6.4 5.50
- 0.4' 1.39
- 6.9 241

3.0 0.59 232
,5.2
0.4,· 0.61 245
0.0 .0.25 232

- 3.9
2.1 .1.29 238
1.3 1.23 248

.4.7' 3.93

check Mean DIBO'. v
(10. ol % . ~ %
ob.) ,,.-

-22.4 1.95
- 3.4 1.89 238
- 6.4 0.71

'- 7.8 0.93

214 4
228 3

. 241 3
.240 3

236 3
254 2
233 3
221 2 •
238 2

. 239 1
234 3
232 3
242 3
232 3
230 3
248 3
232 3
192 3

'217 3
231 3
216 1
239 2

220(1) ; '-5.2 244 1
233 2

259~3} :., .11.6 0.59 232 . 232 3
211 1 .- 9.0 223 1
218 3 '. - 6.0' 0.95 238 .237 1

235 3
243 3

258~12)
., 229 1)

, 279 8)

Mean ' Diso. "
(10. ol" "
ob.) ,

180 7.51.63' 182

'--­-0.05

178

8.55

2.82 179

....

181

12.02

1.45 233

0.08'

215

r . ,

JIreaD ., .

.u Atomo .Absorption, J..11 . dinot, AA2' StaDdaJ:d addition, JSV J.nodio stripp1J:lg voltaaetJ.7' XlIF X-nq- fiuoreBcence,
(e) Institute used cOIllIerc1al17 prepared standard to detemine 1mknovn exoept lor metals with aater1sk
" Coetticient ol TlU'iation, and oorrelation coett1cient.

. check - meta! content ol returned IJUbsample

ES emm1se1on speoti-oscO}l7 ...

" •
!, .'

....
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11 Number of observat ions
.c 0 ~ CJ) 0 ~ .. 0 ~ 0. N
C

>20·1,
ttl

~
15·1 - 20'0

1'0" ·15'0
:::0 5'1 - 10·0
ttl 0'1 - 5·0
VI - - - - - r - - - - - - - ~ r - - - r---"" - - - 1- , ------c 0'0- 4·9
,..

5,0- 9'9 L U () b :cVI
+10'0 -14'9

()
0- 0 10

0 15,0-19,9-
'1J

>20-0,.., ttl
0 ,
n n
ttl ttl . >20·1

::J,.. 15'1 - 20'0
3 0 I 10'1 - 15'010
ttl ttl,.. 5'1-10'0
0 a. __ j)'!,,- Ji-Q ____

~ 0'0-4'9f

I ~ I::J -. 5,0-9'9 N

~ '1J,.. g.. +10'0 -14-9 I ::J
~ CTttl,

0 15·0 -19'9n
0 ::J

>20'0
CT -., ,
0 0,.. 3 >20'0
0 15'1-20'0::J ,.. I 10·1 -15,0
ttl :::r
x ttl 5'1 -10'0
ttl 0 0'1 - 5·0,,

~ - -0":"'0":" r.9n
VI n 5-0 - 9·9
ttl 0 +,0'0 -14'9 L ~ U I Z

15-0-19'9
::J < >20'00

~ c
VI ttl,..

>20'00
10 15'1-20,0,
0 I 10-1-15'0
3 5'1- 10-0

-. 0·1 - 5'0
0 - -0-0 ·-4·9'-,

5-0 - 9-93
+'0'0 -14·9~ ()

c
15'0 -19,9

>20'0
0 ... CJ)

'" '"


