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ABSTRACT ....--: .:._ - .. I,

An ititercomparison oT'petrol~tim hydrOcarbon analyses'has been .conducted for

samples" o'f Crud3 oil;" ma:~ine sedifli~ilt, ~d a mussal ~o~ogena:te. -Thirty-six sets of

samples were distributed, and at the time of preparini this report, 25 sets of

resul ts had been received from analys'ts in ten co~tries. No specific' analytic~

methods were specified tor the'" ex~rcise, and analyses' 'using fluorescence sl?ectro

scopy, gravimetry, infrared and ultraviolet spectrophotometry, gas and liquid
. : j.

chromatography, and combined gas chromatography/mass Sp~ctrometry-were report'ecr:-

The results 'are c;zWldered"'briefly in this p~llminary report.

agreed•
. .:,r,
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INTRODUCTlON
; t .

'..... At th~ meeting,-of th~,Marine Chemistry Working Group in May~1979 ~t was pro-

posed that an intercalib+a,tion of methods for the analyses of petroleum hydrocarbons
.,; ~ ..' .' . ~

in marine samples should be conducted under the auspices of lQES. This proposal was

approved by the Council at the 67th Statutory Xrleeting, in. Octo~er, and' i ts ..fom was_._ .. _'.--,,~ .. _... ~"..." _ ... -....-.. ~..., --
lt was decided that the exercise should be in tpree parts consistipg of

of samples of crude oil. and oil fractions, tissue samples ,and

• sedime;nt s~les•

.:.AIMS

!' ,,'::.

The ,am Qf the intercomparison was twofold:

1. to discover the range of meth-ods in general use for the analysis of 'petroleum

hydrocarbons .in· marine samples;

2. to compa.re the analJrtical resul ts obtained both between laboratories· and

between methods.

! ~~.~ .~his. ~irst exercise it was not thought possible to stipulate a:ny partiQular

methods; participants were encouraged to analyse samples by a m~ber o~ techniques,
_. ":..' • '0· . ... •

from proad fractiQn analysis to the analysis .of individual: hydrocarbons if possible.
~ -: ~ - :. . '.

Resul ts were to be. reported rela~ive to a atandard oil so as to facilitate,.~olQPari-
~ I ;! : '.' _. ;..' . - ... .

Bon o.f the resul ta. Samples were distributed t() the .first partioipants in,late
• . I •

December 1979. The deadli~f? t~r s,ubmissi9tt of re~ults was set1at 30 J:une 1980.

'~. i •. .~: . )..
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PREPARATION OF SAMPLES

In all , four samples we'~ mad~ ~~f.la.bie to part:lcipä.D.ts. ' 'These were a crude

("oil,"'an'aliphatic fraction of the same oil, a naturally contaminated marine sedi';"

fn~nt, ~d a musse'l liomog~~~'t~. The second and fourth s~:pie-~'~~~ ~~p~iied only

to those who especially requested' them.. ' ' ;.
.. .

Sample No. 1: Crude oil standard
, ,

Ekofisk crude oil _supplied by the Harren Spring Laborator,y '( Stevenage f U:K. ),
was l:i:ghtly air':"wea~here(l t~ ~emove ~pe:most ~Ö;L,a..t~']"e .fi:actio~s.o, The: oil ~~.' - 1'1"

sealed under nitrogen into 2 ml glase ampoules.

Sample No. 2: Aliphatic fraction

!his ßample was in two parts.each saaled into,anampoule, consisting qf;,
•. . ..... Jv:.... " • . .' ,. ' . '. .'.'; . ~ .

a. ~ standaJ;'d comprising the norma~ alkanes from n-C12 .. to n-C3?, p;t'iE!tane and
.' . I.' 4'~.d _,.J • . ' • . '. • • -

phytane, all.,ß.t known concentrations;
1 .' ~ '._ • ...... :. i

b. the ali,PPf.-tic fraction of the standard crude oi1.
I '. _... • • "..;, ~ • ",- .

As n~t~Q. above, t~is ,sample, w~s, not"distr~9uted to all participants'r but was

availabJ,.e, on request •.
•.'.1..' " ~; • •

SampIe No., 3: Marine sedimE:1nt

A fine sandy sediment was collected from the intertidal flats of the Isl~ of '
.' "

Grain (Thames Estuar,y), close to shipping routes and oil refineries. It was

oven-dried at 105
0

C and passed through a 1.4 mm sieve. Ali:quots (~ 200 'g) of

that fractidn' which passed "throu€,h' the sieve were piaced in glass jars. Analyses

cf severa1' replicates :frdm both a single aliquot and 'se;er~ diff~rent aliquote

;L~~gested homogene1'ty was' good to at least ±10;:L ' ", .'
r; ". . ", .. \./ • I . ~P: '" . .'. , .'
S'ainple No. 4: Mussel homog~nate'

This was' prepared from' musseIs collected in Narragansett Bai'~ U.S.A~ and wa~

originally prepared for an iri't~rcalibrationbetween particlpants in th'e E.~.A•

musseI watch programme. Aliquots of .Q.§; 20 g ,vere sealed in teflon containers.

Homogeneity of the sampIe was assured by the E.P./.. source laborator,y. This sample

was supplied by the Rhode Island Laborator,y (Dr Phelps). Requests for the samples

w.e.:re however routed via the Coordinator (Dr Portmann) • '"

All oamples were stored in a freezer at -200 C prior to distr'ibution .. "
, ,

DISTRIBUTION OF S.Ai'1PLES

Thie was by British Rail (Express) parcels service wherever pos~ible within

- the U.K., and by air to Europe or North America. 11118sel samples were shipped by
: , I' ~ ..' ,,-' . . '. ... :

air packed in dry ice to prevent spoilage. Strict regulations govern the trans-

'port'by'air of crude :oil bec~~~e' '~f its eX:tr~e fi~bii.:i.ty.'The8~~eguläti~ns
'ä,PPly to 2 nil quant i ties as; w~ll as to larger quant i ties'. For this reason samples

of oil and 'sed:imEmt:~~~ professiona11y' P~~k~d'~~ m~~t the 're'gulations. pi Qf
, ,.... " '.', .. ;. . .. : "r . t 1 ", :

the oil; an<!' sediment samples, 'ana. ai>proximat'E'?~Y one:"thi rd..' of the musseI , samples,

were despatched from the Coord1nator' s laborator,y at a cost of .2.ä 1:1800 (packing

2
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> t400;'·rtransp'ort" C1400)"tfr)~'!:50-:pc:t;.pa.rtidipant.·;::I!t~!a.d.ditiori~',the:·1?repll.rationof

oampleo-'and:'brgntlisatioril'of'>despatch, took about:~1::niaii;morith~ ,'f;;:' ':~"~:;;-':~.__ - ;;.':'\" ';

RESULTS

Tbc. original estimate of thc numbor of po.rticipants was 15-20, in frict :36 'sets

···.!..öt: slUDpl-es were diotributed..and·,25 'sete -af: roriUlts'"had".been:roturned :byr-thc ~:;O

,,"":'JUno· deadline. "(.A' liotOf these participants .it:r'appcnded·,:to ·;this· report.), One :'1:

-further sot, of rcoults::wast~t'öceivod~after :completion"of ~tliis-,report;':thc reoults,~

from' this labomtory c lli1l-, bc-:~included··in,thc. finaJ..'report ..:·.... Althoueh .thc exercise

,[;::;~öoived some cri'tici:U. :'commento ;):generclly',cither .cxpress.ing:, concern over, the ': ;,.;' .

l1.kol:r-·homogenoityof 'oamplcs: or..the.~feeli.ng thatthe.,uoe of:widely diffe1."ing: '".,"

method.s"~ ~o: comparioon of.. 'resulte .difficult, ·,thc general: 'le,vel-:9f :inte~est":_.,·.

and commitocnt wao high. O11e Get of results from an overoeas laboratory.was:;e:ven

dclivcred in peroon to the Coordinator'o laboratory, in order that the analyst

e could discuss thc reoults of his analyses! Tbe reoults of the analyses are given

in Tables 1-7.

}mssel homogenate

Total hydrocarbon ona.lyseo of thc musoel homogenate showed a widc variation by

all methodo, and a number of laboratories using fluorcscence spectroscopy (UVF)

rcported quenching of the muooel extracts, necessitating dilution to constant

f1uorcscence.

Sediment sa.mple

Results of analyoes of the sediment sample by UVF uoing the IGOSS wavelengths

(excitation 310 nm, emiosion 360 nm) (IOCJ1.~O" 1976) ohowed the best agreement.

Thc range of' conccntrations wa.o from 13.6 to 42IJ.g g-1 Ekofiok crudo oi1 equivalents

(mean = 32.11J.g g-1, sn = 7.6, n = 29). Infrared spectrophotometry (IR), the second

most common quantitative technique, ohowed a rango of valuco for sediment oamples

• of' 11 to 93.61J.g g-1 (mean = 41.0\J.g g-1, sn = 25, n = 25). Host of the laboratories

involved in thc intercalibration uoed either m 01." UVP in conjunction with

capillar,y gas chromatography to generate hydrocarbon profiles.

Aliphatic and aromatic hydrocarbons

Individual hydrocarbon dcterm1nationo of both nliphatic and aromatic compounds

were carried out by a number of laboratorieo on the crude oil, sediment and musse1

(lampleo, althoug'h one laboratory reported difficulty obtaining a clean aromatic

extract from the mUDoels. Considerable variation wao found in reported concentra

tionc for both aliphatic and aromatic compounds, oometimes greatcr than an order

of magnitude, particularly in the sediment and musseI oarnples. Hydrocarbon pro

files also differed from laboratory to laboratory, nC18/Ph ratios (for inotance)

ranging f'rom 0.26 to 1.49 in oediment oamples ond f'rom 0.8} to 4.21 in museale •

.Agreement on the analyses of the standard oi1 wa.o howover rather better, e.g.

nC10/Ph ratio ranged f'roo 2.07 to 2.90 end was o.lGO bettel." f'or tbe nC17/pr ratio.



:"'e' ..A.,lp.ore detai,led stu,dy. of th-e: resUlts, 'including.. a· comparison of the extraction

nie"thods used and th~ authars J inwr:Pretationof soine of the reasons for the'

differences observed, will appear in a later report.

CONCLUSION.

The response to this intercalibration exercise was'very'good, 25 of 36 possible

s~ts of resul ts .being returned within six months of the start of the exercise. Pre

,liminary assessment af the reeul ts for total hydrbcarbon analyses suggeet thai UVF

~ ~alysee using the ·IGOSS wavelengths yield ·the most comparable results, even for

laborat.ories· which have only recently begu..'1 to use thls method (10, 13) • Individual

hydpocarqo~ hydrocarbon analyses by'gas chromat&graphy and combined gas chro~ato

graphy/~ss spectrometry show great variation'for both aliphatic and aro~tic
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LIST OF PARrICIPANTS RETURNING RESULTS

l

1

2

,::' ·'U.K'" . :,<:,:;, Mf: R:jL~w': i:."',_;:,~:(:, , .:-l.l_'J:~:j!.'-' ,::' ,', ,~:' ...::.' "

Miniatry of Agriculture, Fisheriee and Food
Fisheries Laboratory
Remembrance Ävenue
Bu:rnham on Crouch
Essex, cao 8HA

Mr P R l'Iackie
Ministry of Agriculture, Fisheries and Food
Torry Research Station
PO Box 31
135 Abbey Road
Aberdeen, AB9 8DG

3

4

U.K.

U.K.

Dr J M Davies
Department of Agriculture & Fisheries for Scotland a
Marine Laboratory •
PO Box 101
Victoria Road
Torry
Aberdeen, AB9 8DB

Dr K B Pugh
North East River Purification Board.
Woodside House
Persley
Aberdeen, .AB2 2UQ

5

6

7

8

9

U.K.

U.K.

F.R.G.

F.R.G.

France

IvIr D Hammerton
Clyde River Purification Board
Rivers House
I1urray Road
East Kilbride
Glasgow, G75 OM

Mr D Buchanan
Highland River Purification Board
Strathpfeffer Road
Dingwall, IV15 9QY

Dr H Eh:mardt
Institut fur Meereskunde
Dtlrstenbrooker 'veg 20
D 2300 Kiel 1

Dr G Dahlmann
Deutsches Hydrographisches Insti tut
Postfach 2 20
2000 Hamburg 4

Dr P I1ichel
ISTPI1
Rue de L'lle-D'Yeu
BP 1049
44037 Nantes Cedex

•



........ 2.._ ,LS, rQ '.

Laboratory No.
.. -.... :ua

Country

France10 Dr J C Roussel
-,; ..,Institut Francais .. du PetroIe

\-: ..::;:~,- .. - ._ ~._ .' :.,B~.:311 . '.;', "
92506 Rueil-}LiLmaison Cedex

." .
11 France Nr G Bodennec

,:".,:JJentre Oceanologique deLBretagne
..... . .. ", J:' :," :j ': ,;, .' , '.- ::.. Ci'lEX0 .

\BP.:337: .. ','
29273 Brest.Ccdex·

12 France
.: l • . ....... ~. : .• " .,' ,';

Ur ]'Berthou . ":':', c' .--.:.:,:.:

,Pa,cultedeHedecine de Brest
BP 815
29279 Brest Cedex

13 Portugal I1r J L Bisca:ya ': ... .':L.·::- ..
., ::(.;:~- , ' ... :.;;;Instituto· Hidrografico

Bua Das _Trinas' 49
1296 Li~boa Code~

•

14

15

16

18

19

Norway

Norwa:y

Eire

Denmark

Canada

Canada

. ,

Dr K H.. Palmork. : ,
Institute o'f Marine Research
PO Box 1870: '
N5.91.L N9.:rdnes.
Bergen

..-
Dr' R G· Lich.tentpaler
Central Insti~te for Industrial Research
PB. 350 B~indern

Oslo 3

Dr D 0'Su11ivan
Fisheries Research Centre
l'"bbotstown
Castleknock
County Dublin

Dr V B Jensen
Water Quality Institute
11 .Agem .Alle
DK-2970
Horsholm

Dr G R Sirota
Fisheries and Oceans
Halifax Laboretory
PO Box 550
Halifax
Nova Scotia, BJ3 287

Dr J \l Kiceniull:
Fisheries and Oceans
PO Box 5667
St Johns
Uewfoundland, .A1C 5](1



Laborotory No. Country -,..:.~ .:- ........---- -_ ..-_.. _._.........--
20

21

22

23

Canada Dr E M Levy
Atlantic Oceanography Laboratory
Bedford Institute of Oceanography
Dartmou-th
Nova Scotia, B2Y ~~

Netherlands Dr W·A M den Tonkelaar
Research Institute for Environmental Hygiene
Schoemakerstraat 91
2600 AE Delft

Netherlands Dr MA:T Kerkhoff
Rijksinstituut voor Visserijo nderzoek
1 Haringkade·
1910 AB Ijmuiden

Netherlands Dr P HQogweg
'Governmental Institute for Sewage Purification
Maerlant 4-6
8224 'AC Lelystad

24 Finland Dr F Koroleff
Institute of'I1a~ine Research
PO Box 166,
SF-00141 'Helsinki'14

25 Finland Dr K Haapala
National Board ofWaters

, 1" , ., 'J.'J';(" " . PB 250
00101 Helsinkf' 10

.,.
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Table 1. I R~~~ts ~i tot8J. hydrocarbon' ~a+yses of muss.el
homogenate (~g g-1 wet weight Ekofisk oil equiva-

--- - -J:ents)---- --.. .... . . . ." ----- ..-,

, .

_....c;)" Fluores9Emce sP.ßc~tJ:QscoPY. . .. ',

lJ~boratory number ExA EmA

1 310
3 310

10 340
420

11 310
16 340
20 310

"Overall Mean 85.6 (SD =

b) Infrared spectrophotometry

Laboratory number Results

'360
360

460
460

36 9 n =

l : ~ , _ \.I"
---,-",~, .

Results Mean :.

55 55
124,1.35 130
96 96
74 74
32,32 32
130 130
86 9 90 88

10)

•

5
10
16

~)_ Gas chromatography

Laboratory number

15
17

Overall mean 40

d) Gravim'etry

L?boratory number

10

i .~

"

< 620
270

6011

Results

28
39953

Result

256

• " j"

Mean

28
46

.~

1 r.-· ...



Table 2. Results of total hydrocarbon analyses of sediment samp1es (l1g g-1
Ekofisk oi1 equiva1ents) . ~

a) Fluorescence spectroscopy
Laboratory number --·_·ExA.. · .... E:mr.- - -Results-·--· _.--.'- --.-..._- ·-M~an--· ····SD'

1 310 3.60 36,37,39,42 ..
38-.-5 2.3

2 310 -360 36;3T . _. _. _... 36".5-- -- .. _.
3 310 360 35.8,36.4 36.1
6 310 360 13.6',14.8 14.2
7 310 360 33.8,33.9,34.5,38.4 35.2 1.9
8 310 360 29.5,32.8 31.2

10 310 360 38.0 38.0
340 56.0 56.0 *", .~

420 70.8 70.8 *"
13 310 360 30, 30, 30 , 36 . 31.5 .. 2.6

310 360 33,35,35,41 ·36.0 3.0
16 340 460 22.0 22.0 *19 29.5 4.5
20 310 360 16.3,16.8 16.5

. . - ~ _._. '...
Overall mean 32.1 (SD = 7.6, n = 29)

15:.{)
- - .. 1-6.2--._...... o.

68.0
22.8 0.8
23.0
93'.6
58.0 16
56.5
14.0 '.: 4.0

b) Infrared spectrophotometry

Laboratory n~~ber Results

4 15.0
10 .,. 16.2
11 63.0,73.0
13 22,22,23,24
15 23
16 93.6
21 39,44,53,54,56,57,79,85
23 54,59
25 11,11,12,16,20

Overall mean 41.0 (SD = 25, n = 25)

c) Gas chromat9g;raphy... . ... ..._.. 0·'

Laboratory number Results

15 19
17 26,27,27,28,33,36
24 10.1

Overall mean 25.8 (SD = 7.6, n = 8)

d) Gravimetry

Mean

Mean

19.0
29.5
10.1

SD'

SD'

3.7

•

Laboratory number Results Mean

4 1 30 , 1 70.190
10 15.6

Ove=all mean 126 (SD = 68, n = 4)

SD quoted only for four or more rep1icate measurements

* Results not included in calculation of mean as longer excitation
wavelengths would be expected to give higher results



Table 3. Aliphatic hydrocarbons in ~~f~sk,oil (~gg-1)
',. . .... - '., .' . ~ . . , . - .

••••••. _ _,' __~ R.'. '~'" •• __ _ ..~,;.V__.. R ~~ •• _ __••_ _ _ _ ••_ _ _. .. •..-- _ _.- ._ - ..

Laboratory ..~umber 1, 2 3 8 ~ " ::'~f.:o.11 ". '. ,.24
......_-.... _.~.... -.,. , ....... ,-,

nC1 ',' \" 22 900
8

:. - .
19 200

',.'

9 \ '.' 14 200
10 11 '100
11 1 540 10 '20O
12 7 190 7 010 , ' ': " i: .', 10 200
13 6 740 6 260 8 100

'" .'

14 :6 010 9 290 1 500
15 5 190 ,2 139 2 313 7 614 6 972 7 680 7 100
16 4 920 2 062 2 188 7 400 6,.388 6 810 .. ," .: 6 400"

11 5 330 1 867 1 964 5 550 6 611 6 510 5 300
Pristane 1 110 949 961 3 203 .: 3 408 2 830 • :. ,~. I~ ~ •

18 ' 4 530 1 453 1 516 4 946 ~'1 4 489 5 450 4.800
Phytane '<1 560 656 668 2385,21°3 2 420 I.......;

19 ,'~3 300 1 323 1 311 4 391 3,,223 5 350 4 100
20 2 950 1 199 1 251 4 129 2 425 5 050 :; 400
21 2 630 1 089 1 135 3 661 2 331 3 540 ·1 .... ··· 3-000
22 2 570 1 008 1 189 :; 116 1 947 3 540 2 200
23 2 330 924 998 2 999 1 840 3 130 1 400
24 2 090 741 174 2 609 1 685 2 530 1 000
25 Cl.; 1 950 680 661 2 171 1 441 2 530 ~ .- 720
26 482 448 1 685 1 159 2 220 510
27 318 326 1 568 1 022 1 720 3"''''.:.'(.1 i V..J

28 256 250 1 402 841 1 620 200
29 ; r 224 217 1 392 179 1 620 120
30 119 171 1 285 643 1 520 70
31 173 168 1 158 565 1 210 . '. (l ;': ' ,

32 169 164 867 438 1 920
33 ".- 147 140 711 461 .;;:! ',.( ";'~.)O;~·~(~:·(,

11/pr --.--_.- .. .... -_.'3~·or"'-- -1'~' (11" . "2-;04' , "";73 " 1~'"94--'~2'~)2-'"'' ... 2.'1T' ,_...-... ' .
,,' ,I

: ..1.:~\;~ .

• 18/Ph 2.90 2.21 2.21 2.07 2.13 2.25 2.51

Pr,/Ph 1.13 1.45 1.44 1.34 1.62 1.11 1.45



e e
Table 5. Aliphatic hydrocarbons in sediment and mussel samples ( -1 wet weight)ng g

Sediment MusseIs

Lab No 1 2 3 8 12 17 22 24 2 3*

nC12 8 11
nC13 4.7 3 16
nC14 7.9 12 26
nC15 16 35 40 9 26 10 1.9 33 71 48 49 67
nC16 17 38 38 14 34 15 7.4 10 35 38 24 42 54
nCn 46 68 73 48 84 20 18.3 35 37 28 51 73
PRIST.Al~ 32 100 106 95 39 15 10.4 41 36 26 14 32
nC18 23 42 41 35 61 25 15.5 80 31 16 14 32 39
PHYTANE 38 57 59 134 41 31 13.2 16 10 7.6 11
nC19 19 42 44 36 55 18 16.5 52 16 12 19 31
nC20 51 47 44 46 15 18.5 140 50 14 9 45 61
nC21 45 43 59 58 15 21.5 68 26 19 147 218
nC 42 36 102 124 15, 1.7·1 110 107 29 28 410 356-, -22

. nC ~ .. 41 41 ·241 304' 13 . 21.6 "151 "29 26 ...3 22. ._-_.. 5.15~23 . .-." .- - . '"_. - .. ..~---. . .... _... _..... _......._-
. '46 6i3"nC24 ' .-" .. -...----... _. "'''''49'' 458 15 20.1 70 192 27 26 928 1330

nC25 59 65 605 752 15 32·4 214 32 30 962 1360
..

nC26 66· . 71' , '718 896 '14 38 •.2 190 36 .,' 32 976 1270
nC27 84 93' 611: '. 819 '20 74.3 131 38 37 911 1190 "..
nC28 62 69" "·'501 738 14 44;9 40 92 ' 38 46 687 972_..-..- . ." .-, ..-

.......--:- .D~9 ._...~- ........ ---98 111 "'471' . 576 --"'26' 7L1:;5' 41'- 53"-b-3"- "'5'32 755
nC30 ... ___ ......~. _..........5.9 .' .... 9Q .. ~3.5.. _. 36.7 .......15. - 48.8-.. . ......... 26· 33 .. --34' . 351 ·5°1.. ·· .........

nC
31

"'r' 68 80 232 260 32.9 ._.._.............. ~.....__.2~_._ '''41 ~1.4_ .. _ .3Q2."
.~ .. ... .. ..... . ... -.......- p •••". '.... -" •.-_..- ..... ~

. ',,""'" _. - .M." •.. -. ___ -.-.
nC\2 30 35 98 142 30 4 26 25 116 202

: I', nC,:} .' ...' 29 35 82 104 24 2, 64 97. '



Table 5.- (bontd) ','
~ .'

, ".
".;',,'.

;;' .i i Sediment

- "
\. '-

Lab No 1

11/Pr ":, ;. 1. 44

18/Ph" 0.61
Pr/Ph , ...:.. 0.84

2

0.68

0.14

1. 75

0~,69

0.69

1,.80

0.51 '

0.26

0.11

" 8
--

2.15 1.33

1.49· 0.81

0.95 0.48
, "

-' ,

.,,~ ,
MusseIe

"12 11 22 24 2

------ ,.

1-.76 1.13 0.85 1.03 1.08
1.17 0.19 1.00

' ,
0.83 '-

0':79 0.44 ~.25 ' 2.6'0
~ .

,/'\

3*

3.64' 2.28
, , ,

4.21 "3.55
1 •84' '2.91

, ......

, ,

* These. figures were supplied. as .dry ,~leight of the mussels, and have been recalcUlated to wet weight
assuming 14% dry matter ~.s measured in authors', labol1atory , ,
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Table 1. :.... Ring type analysis.1·of-:aromatic hydrocarbons in oil 9

musseIs (~g g-1 chrysene equivalents)
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LABORATORY NUMBER 9

Ri.ug r;lumber Ekof~sk oil Sediment Mussele

1 1900 2000 2000 0.01 0.01 0.01 0.13 0.09 0.10

2 11600 11600 11800 0.12 0.14 0.13 0,.65 0·51 .0.66

3 13000 13000 13400 0.18 0.23 0.25 1.05 0.76 1.03

4 6100 6200 60QO 0.12 ge 19 0.22 0.87 0.5;8 0.75

5 1915 2200 1800 0.16 0.25 0.33 0.31 0.21 .0.34

Total 34800 35000 35000 0.59 0.82 0.92 3.00 2.16 2.88
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