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ABSTRACT L s e
An intercomparison of petroleﬁﬁ hydrocarbon anelysee'hae been oOhducted for

samples of cruds oil, marine eedimeht, and a mussel hoﬁogenate. 'Thirtyhsix sets of
samples were distributed, and at the time of prepering this report, 25 sets of
results had been received from analysts in ten countries. No specificAanalyticel
methods were spécified for the exercise, and analyses using fluorescence epectro-
scopy, gravimetry, infrared and ultraviolet spectrophotometry, gas and liquid
chromatography, and combined gas chromatography/mass epectrometry“were reporfed;"
The results are considered briefly in this preliminary report.
INTRODUCTION

) At the meetlng of the Marine Chemistry Working Group in May 1979 it was pro-
posed that an intercalibratlon of methods for the analyses of petroleum hydrocarbons
in marine samples should be conducted under the auspices of ICES. This proposal was
approved by the Council at the 67th Statutory Meetlng 1n October, and 1ts form was
agreed. It was decided that the exercise should be in three parts consistlng of
the examination of samples of crude oil and oil fractions, tissue samples and
eedlmentlsemples.

. AIMS

The -aim of the intercomparison was twofolds
1. to discover the range of methods in general use for the analysis of petrolecum
hydrocarbons in marine samplesy
2. to compare the analytical results obtained both between laboratories and
between methods.,

: For this first exerclse it was not thought poss1ble to stipulate any particular
methods, pa:ticlpants were encouraged to analyse samples by a number of techniques,
from'broad fraction analysis to the analysis of individual hydrocarbons if possible.
Reeults were to be repofted relative to a standard oil so as to facilitate compari-
son of 'Fhe results, Sampies wei*e distributed to the first participants in late
Decepper 1979. The deadline for submission of results was set:at 30 June 1980.
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PREPARATION OF SAMPLES _ _ ; v s
In all, four samples were made available to participants. These were & crude

oa.l an aliphatic fraction of the same oil, a naturally contamn.nated marine sedi-

ment, a.nd a mussel homogenate. The second and fourth samples were supplled only

to those who especially requested them. -

Sample No. 1: Crude oil standard

Ekofisk crude oil supplied by the Warren Spring Laboratory (Stevenage, U x )
was lightly alr—weathered to remove the most vola.tile fra.ctmns.' The 011 wa.s e
sealed under nitrogen into 2 ml glass ampoules.
Sample No, 2: Aliphatic fraction

This sample was in two parts.each sealed into an ampoule, coneisting of:.
8. a standa,rd comprismg the normal alkanes from n-C12. to n-C32, pristane and
phytane, all .at known concentrations;

b. the allpha,tic fraction of the sta.ndard crude 011 : ; .
&s noted above, this sample was not distributed to all part:.c:.pants, but was,
available on request. :
Sample No. Ae Mar:.ne sedlment ; :
A fine sandy sedment was collected from the 1ntert1da.l flats of the Isle of. 1
Grain (Thames Estuary), close to shipping routes and oil refineries. It was
oven-dried at 105°C and passed through a 1.4 mm sieve. Aliquots (ca 200 'g.) of
that fraction which passed through the sieve were placed in glass Jars. Analyses
of several repllcates from both a single a.llquot a.nd severa.l dlfferent a.llquota

"::'\'suggested homogeneity was good to at least i10°o. _
Sample No. 4: Musgel homogenate :

‘I‘his was prepared from mussels collected in Na.rra.gansett Bay, U.S.A. and was
originally prepared for an intercalibration between partlclpants in the E. P.A. |
mussel watch programme. Aliquots of ca 20 g were sealed in teflon containers. .
Homogeneity of the sample was assured by the E.P.A. source laboratory. This sample
was supplied by the Rhode Island Laboratory (Dr Phelps). Requests for the samples
were however routed via the Coordinator (Dr Portmann). 4 Geis

All samples were stored in a freezer at -20°¢ prior to distribution.”

DISTRIBUTION OF SAMPLES _
This was by British Rail (Express) parcels service wherever possible within
“the U.K., and by air to Europe or North America. Mussel samples were shlpped 'by
air packed in dry ice to prevent spo:.lage. Strlct regu.lat:.ons govern the tra.ns—
‘port by air of crude oil because of its extreme flammablllty. These regulatlons
a.pply to 2 ml qua.ntities as well as to larger quantities. For this reason samples
of oil and sediment were professionally packed to meet the regulat:.ons. All cf
the 0il and sediment samples, ‘and approx:.ma.tely one-thlrd of the mussel samples,
were despatched from the Coordinator's laboratory at a cost of ca £1800 (packing
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The.original estimate of the number of participants was 15-20, in fact:36 sets

:.'Of samples were distributed-and 25 scts.of results-had-been returned by the 30
' Jine deadline. (4 list of these participants .io appended-to:this report.). One::
‘further set of recults: wasixeceived: after completion-of «this .report; the results i

from this laboratory:will-be:dncluded in the final.report. - Although .the exercise

Lupeseived some critical:commento,ygencrally:either -expressing: concern over:the i .

likely- homogeneity of ‘samples:or the. feeling that the.use of:widely differing: -- -
methods™ mayr meke: comparigon of-results .difficult,.the general:level:of .interest-...
and commitment was high. Onec set of results from an overseas laboratory was:even:
delivered in person to the Coordinator's laboratory, in order that the analyst
could discuss the results of his analyses! The results of the analyses are given
in Tables 1-7. "

Mussel homogenate

Total hydrocarbon analyses of the mussel homogenate showed a wide variation by
21l methods, and a number of laboratories using fluorescence spectroscopy (UVF)
reported quenching of the mussel extracts, necessitating dilution to constant
fluorescence,
Sediment sample

Results of analyses of the sediment sample by UVF using the IGOSS wavelengths
(excitation 310 nm, emission 360 nm) (IOC/WMO, 1976) chowed the best agreement.
The range of concentrations was from 13.6 to 42ug g"1 Ekofisk crude oil equivalents
(mean = 32.1pg 8'-1, SD = 7.6, n = 29). Infrared spectrophotometry (IR), the second
most common quantitative technique, showed a range of values for sediment samples
of 11 to 93.6ug g"‘l (mean = 41.0pg g"1, SD = 25, n = 25). HMoat of the laboratories

involved in the intercalibration used either IR or UVF in conjunction with

capillary gas chromatography to generate hydrocarbon profiles.
Aliphatic and aromatic hydrocarbons

Individual hydrocarbon determinations of both aliphatic and aromatic compounds
were carried out by a number of laboratories on the crude o0il, sediment and mussel

pamples, although one laboratory reported difficulty obtaining a clean aromatic
extract from the mussels., Considerable variation was found in reported concentra-
tions for both aliphatic and aromatic compounds, sometimes greater than an order
of magnitude, particularly in the sediment and mussel somples. Hydrocarbon pro-
filea also differed from laboratory to laboratory, nC18/Ph ratios (for instance)
ranging from 0.26 to 1.49 in sediment samples and from 0.83 to 4.21 in mussels.
Agreement on the analyses of the standard oil was however rather better, e.g.
nC18/Ph ratio ranged from 2.07 to 2.90 and was also better for the nC17/Pr ratios
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. A more detailed study of the:results, including a comparison of the extraction
niethods used and the authors! interpretation of some of the reasons for the

differences observed, will appear in a later report.

CONCLUSION

The response to this intercelibration exercise was very good, 25 of 36 possible
gsets of results being returned within six months of the start of the exercise. Pre-
liminary assessment of the results for total hydrocarbon analyses suggest th-a‘b UVF
. analyses using the IGOSS wavelengths yield the most comparable results, even for
laboratories which have only recently begun to use this method (10, 13). Individual
hydrocarbon hydrocarbon analyses by gas chromatography and combined gas chromato-
graphy/mass spectrometry show great variation for both aliphatic and aromatic
- compounds. - ‘ '
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1 UK. T Mr'R'J Law ST st
Ministry of Agrlculture, F:Lsheries and Food
FPisheries Laboratoxry

Remembrance Avenue

Burnham on Crouch

Easex, CMO BHA
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2 U.K, Mr P R Mackie
Ministry of Agriculture, Fisheries and Food
Torry Research Station
PO Box 31
135 Abbey Road
Aberdeen, AB9 8DG

3 U.K. Dr J M Davies
Department of Agriculture & Fisheries for Scotland
Marine Laboratory ‘
PO Box 101
Victoria Road
Torry
Aberdeen, AB9 8DB

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

5 U.K. Mr D Hammerton
Clyde River Purification Board
Rivers House
Murray Road
Bagst Kilbride
Glasgow, G75 OLA

6 U.K. Mr D Buchanan .
Highland River Purification Board "
Strathpfeffer Road
Dingwall, IV15 9QY

7 F.R.G. Dr M Ehrhardt
Ingtitut fur Meereskunde
Dlirstenbrooker Weg 20
D 2300 Kiel 1

8 P.R.G. Dr G Dahlmann
Deutsches Hydrographisches Institut
Pogtfach 2 20
2000 Hamburg 4

9 France Dr P Michel
ISTPM
Rue de L'lle-D'Yeu
BP 1049
A4037 Nantes Cedex
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13

14

15

16

17

18

19

France

France

Portugal

Norway

Noxway

Eire

Denmark

Canada

Canada

Dr J C Roussel

y;hInstltut Francals -du Petrole o

92506 Ruell—Nalmalson Cedex

Mr G Bodennec

v Centre Oceanologlque de;Bretagne
<~ CHEXQ it

\BP-337. . e

29273 Brest Cedex

Mr F Berthou: = - RS Y

Faculte de- Hedecine de Brest

BP 815 :
29279 Brest Cedex

Mr J L Biscaya .= REFEI SEIE N

-+ Inetituto Hidrografico

Rua Das Trinas 49 .
1296 Lisboa Codex .

Dr X H:Palmork : : Y
Instltute of Marine Researdh
PO Box 1870

' N5011.Nordnes. ._

Bergen

- DR G- Llchtenthaler

Centrol Institute for Industrial Reseaxrch
PB 350 Blindern
Oslo 3

Dr D O'Sullivan
Fisheries Research Centre
Abbotstown

Castleknock

County Dublin

Dr V B Jensen

Water Quality Institute
11 Agern Alle

DK~2970

Horsholm

Dr G R Sirota
Figheries and Oceans
Halifax Laboratory
PO Box 550

Halifax

Nova Scotia, BJ3 257

Dr J W Kiceniulk
Fisheries and Oceans
PO Box 5667

St Jonns
Newfoundland, 41C 5X1
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20
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22

23

24

25

Canada

Netherlands

Netherlands

Netherlands

Finland

Finland

Dr E M Levy

Atlantic Oceanography Laboratory
Bedford Institute of Oceanography
Daxrtmouth

Nova Scotia, B2Y 4A2

Dr W A M den Tonkelaar

Research Institute for Environmental Hygiene
Schoemakerstraat 97

2600 AE Delft

Dr M AT Kexrkhoff ~
Rijksinstituut voor Vlsserlaonderzoek
1 Haringkade

1970 AB Ijmuiden

Dr P Hoogweg

‘Governmental Institute for Sewage Purification

Maerlant 4-6
8224 ‘AC Lelystad

Dr F Koroleff

Institute of Marine Research
PO Box 166

SF-00141 Helsinki 14

Dr K Haepala
National Board of Waters

"+ PB 250

00101 Helsinki 10



Table 1. Results of total hydrocarbon analyses of mussel
homogenate (pg g1 wet weight Ekofisk oil equiva-

““Yeouts) —

_a) Fluorescence spectroscopy . . .

Laboratory number Ex\

1 310
3 : 310
10 .+ 340
420

1 - 310
16 340
20 310

Eo

"360

360

460
460

Results

55
124,135
96

74
32,32
130
86,90

‘Overall Mean 85.6 (SD = 36, n = 10)

b) Infrared spectrophotometry
Laboratory number Results

5 < 620
10 270
16 6011

c) Gas chromatography

Laboratory number Results
15 28
17 39553

Overall mean 40

d) Gravimetry
Lgboratory number Result

10 256

Mean

55
130
96
74
32
130
88

Mean

28
46




Table 2
Ekoflsk 0il equlvalents)

Results of total hydrocarbon analyses of

sediment samples (ng g

-1

a) Fluorescence spectroscopy
Laboratory number - -Exk - ---Emk- -

1 310 360
2 310 -360 -
3 310 360
6 310 360
7 310 360
8 310 360
10 310 360
340
. 420
13 310 360
310 360
16 340 460
19
20 310 360

Overall mean  32.1

b) Infrared spectrophotometry

'ResultS‘-""‘ I ROSE R

36,37,39,42
36537 - -
35.8,36.4

13.6,14.8
33.8,33.9,34.5,36.4
29.5,32.8

38.0

56.0

T70.8

30,30, 30,36
33,35,35,41

22.0

16.3,16.8

(sD = 7.6, n = 29)

Laboratory number Results
4 v 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)

¢) Gas chromatography .

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

Laboratory number Results
4 130,170,190
10 15.6

Overall mean 126

(8D = 68, n = 4)

Mean

~gp?

38.5

e 3.6..5

36.1
14.2
35.2
%1.2
38.0
56.0
T70.8
31.5
36.0
22.0
29.5
1655

(g

1.9

2.6

3.0

4.5

SD!

0.8

16

SD!

19.0
29.5
101

165
15.6

3.7

! SD quoted only for four or more replicate measurements

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



Table 3. Aliphatic hydrocarbons in Ekofisk oil (g g ')

b —y AW 1o v—————-

AP T 4o 3. AR S

Laboratory number 1 2 z = Bty b S

nC7 22 900
8 19 200
9 14 200
10 11 700
11 7 540 10 200
12 7 190 7 070 . 10 200
13 6 740 6 260 8 100
14 6 070 9 290 7 500
15 5790 2139 2 313 7614 6972 T 680 7 100
16 4920 2062 2188 7 400 6.388 6 870 -6 200
17 5330 1867 1964 56550 6611 6 570 5 300

Pristane 1 770 949 961 3 203 3 408 2 830 ot |
18 4530 1453 1516 4 946274 489 5 450 4 800

Phytane 1 560 656 668 2 385 .2 103 2 420 i
19 D300 1 323 "13TT 4391 52235 900 4 100
20 295 1199 1251 4129 2425 5 050 3 400
21 2630 1089 1135 3661 2 337 3 540 - 3,000
22 2570 1008 1189 3116 1 947 3 540 2 200
23 2 330 924 998 2999 1640 3 150 1400
24 2 090 747 T4 2 609 1685 2 530 1 000
25 1 950 680 667 2171 1 441 2 530 720
26 482 448 1 685 1159 2 220 510
27 318 326 1568 1022 1 720 300
28 256 250 1 402 847 1 620 200
29 224 297 4 392 779 1 620 120
30 179 171 1 285 643 1 520 70
31 173 168 1 158 565 1 210
22 169 164 867 438 1 920
33 147 140 711 467

17/Pr bt i 7 E L P 7 e < ot Y R . S g

18/Ph 2.90 9.9 2,21 - 2.0 2.4%3E 2 o8 Sl 2 ny

Px/Ph 1,13 1.45 1.44 1434 1.62 f 1.45




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

Sediment Mussels
Lab No 1 2 3 8 12 17 22 24 2 3%
nC,, 8 11
nC13 4.7 3 16
nC,y , 7.9 12 26
nC, 16 35 40 9 2 10 1.9 3% T1 48 49 67
nC, ¢ 17 38 38 14 34 15 T4 10 35 38 24 42 54
nCyq 46 68 73 48 84 20 18.3 35 37 28 51 73
PRISTANE 32 100 106 95 329 15 10.4 4 36 26 14 32
nC, g 23 42 41 35 61 25 15.5 80 - 315 16 14 32 39
PHYTANE 38 57 59 134 41 31 13.2 16 10 7.6 11
nCyg 19 42 4 36 55 18 16.5 52 16 12 19 31
nC,0 51 T84 46 15 1845 140 50 14 9 45 61
nCy, 45 43 59 58 15 21.5 68 26 19 147 218
nC,, 42 36 102 124015 17.7 110 107 29 28 410 356
nc23 co4 sl G T MG TN R ST 29 260 a3 T hig
‘ﬁCé4"""'"““”' 49 46 458 623 15  20.1 70 192 27 26 928 1330
nCys 50 65 605 752 15 32.4 214 32 30 962 1360
nC,¢ : 66 - T1 718 896 14 38.2 ‘ 190 3 32 976 1270
nCyy 84 93 611 819 20 T4.3 131 b T 1190
nCyq ; 62 69° 501 738 14 44.9 i 40 92 38 46 687 97§‘ T
o P e e 5 e S S © S e SR R L 755
LT DURGIER . . AR RO S I LR R e 26 33-1;}4— o] e . St
e R e L e SRR RS T 4 SR L
nc32' ERTEE SR R T 30 4 26 25 116 202

mCgs ) 29 35 82 104 24 23 64 97



Table 5 (contd)

Sediment Mussels
Lab Yo 1 2 3 8 iF NG| BE  a e 3%
17/Pr =" 1,44 0.68  0.69 0.51° 2.15° 1.35 1.76  1.13 0.85 1.03 - 1,08 3.64 2.28
18/Pn 0.61 0.74 0.69 0.26 1.49. 0.81 .17 0.79 ' 1,00 0.83° 4.21°73,55
Pxr/Pn 0.84 1.75 1:80 0.71 0.48 0.44 d.25°" 2,60~ 1.84

- 0.95

0.79

2.9

* These figures were supplied as dry weight of the mussels,
assuming 14% dry matter as measured in authors' laboratory

and have been recalculated to wet weight



Table 6. Aromatic hydrocarbons in sediment and mussel samples (ng g~1 wet weight)

Sediment Mussels :
Lab No 1 2 7 14 18 1 14 18
Naphthalene P 3.4 ; S 1.8
c, N 3.3 3 8.2 B BT
C, N 8.6 4 14.6 21 3.6
03 N 13 4.7 : 51 302
Phenanthrene 19 % 19§ : 16.2  ND ND ¥ XD 146 1574575 5 55§ 33
Anthracene 3,0 3.4 ' 0.16 ‘ ;
C, P 20 21 18.4 3¢3 4.6 i
c, P 11 12,7 545 - J.62, -} |
Dibenzothiophene 1.8 ND 0.29
¢, D 1.9 4.1 0.71 0.8 '
¢, D 4.1 15.9 Tul 5.8
C; D 2.7 18.8 : 1.0 | Tbi | ]
Fluoranthene 7 72 73 88 129 i s ok 15
Pyrene 6 ND KD ND 1D TR TR TR
Chrysene 16 165 162 121 206 36 40} 34
Benzofluor 34 ‘ ’ :
B(a)Pyrene ) 15.8 15.5  10.5 17 0.4 0i4° 0.3
B(e)Eyrene 331 155 144 132 178 26 26| 25
Triphenylene ND ND WD ND 21 19 { 19
B(a)A 232 2T 21 331 e Bl ®
B(b)F 36,2 36.5 31 37 4.3 319 -4
B(k)F 10.5 11 9 11 i.1 R IS
B(ghi)perylene 83 78 70 74 6 5.8 5
O-phenylene pyrene 131 127 110 100 7.7 9.6 Tl

WD ¢ Not detected
TR ¢ Trace



Table 7

mussels (ug g~ chrysene equivalents)

i

“Ring type analysis of-aromatic hydrocarbons in oil, sediment and

'LABORATORY NUMBER 9

Ring number Ekofisk oil Sediment Mussels

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 6000 0.12 0.19 0.22 0.87 0.58 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




