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,SUMI-IARY

Following the Ekofisk 'Bravo' blow-out samples of fish, sediments

and sea water from the area around the oil-field were collected and

. analysed for petroleum hydrocarbons using a computerized GC-}~ 'system.

Tbe compounds quantified for each sample were the n-arkanes of carbon

numbers 12 to 17 and pristane; and naphthalene, phenanthrene, dibenzo­

thioi>~ene and ~oine of their alkylated deriv~tives.
Considerable variation was observed between the hydrocarbon concen­

trations found at adjacent stations, andbetween the two samples '(at

1 and 5 m below the surface) t~en at each station. Thehigher levels

found, hO'Vlever, were generally in the area of the oil-slick.

Both from the alkane pattern and from the low levels of aromatic

hydrocarbons present, i t was apparent that at thetime of sampling (up

to one week after the blow-out began) little or no contribution had been

made to the hydrocarbon content of ei ther the fish' or sediments by the

'Bravo' blow-out~

Lack,of comparative data prevents any further interpretation of the

results at this time, but this should be possible ~hen the results of

the lTorwegian survey are available.

INTRODUCTION

On 23 April 1977 a blow-out occurred duringmaintcnance operations

on the 'Bravo' platfom of the Uorth Sea l1kofisk oil-field end oilbegan

to escape from the weIl at a rate of approximately 3 000 tonnes per day.

Following an 'approach by Noruegian scientists, the HAFF Research Vessel

CORELLA began a co-ordinated work programme with the Norwegian Research

Ships G. O. SJillS' and JORAN HJORT on 28 April. This involved the 0011eo­

tion of s,e,diIten.t,. fiDh and wator sampIes for hydrocarbon analysis on a

grid system ao in Figure 1~ The Norwegian vessels operated 'to the same

system 'but ".Je tween them also worked s tations c10ser to and further' fram

the 'Bravo' rig.
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SAMPLE COLLECTION ' : '

Seawater samples were collected from 1 and 5 m below the sea surface

'~y' a; method similar to ,that used for the lOOSS project (1),' except that
. . '..

the bottle was sealed with a rubber bung wrapped in solvent-rinsed alu-

minium foil which was removed at depth by means of a cord. ' Ten ml of
• ~- . '0.·.

dichloromethane was added to each sample bottle before'collection to

preventbiological activity in the sample prior to extraction. The' top

half':'in~h of the' sample was ;e~o~od- after' recove';' b/ quicklY shaJ.d.~

the bottle, and an aluminium foil-linod cap was then screwed on to i t.

Finally the sampIe bottle was.stored in~e dark prior to transport back

to.the laboratory.

Surfac~ sedi~entswere sampled U~ing a 0.1 m2 Day grab•. 'Sub~samples
of th~ sediment'w~ro transf~r~ed to pre~~leanod elas; jars with al~nium ~

.: f011-lined .li·ds, and 'preser~ed at' -2ÖOC. .
, .' S~l~s Of' fi~h were ~btained' from two sitos' by bottom~trawli~.

One trmd haul was carried out \1itlii~ the reported b~undaries 'cf 'the
• • • • , r. • '.

oil-slick, and one outside. The fish caught were wrapped in al~um

foil and kept .frozen~t ::-~OOC tuttil extracted assoon as possibl~ after

returning to ,the, laboratory•

EX+RACTIon OF SABPLES

Following a visit to the Institute of Harine Research, Bergen shortly

before .the IBr~v~' 'blow-out, the procedures used by tlie' HOrWegian workers..' .' ..

at the Insti~te had been adopted asroutine and measures 'are in hand to

intercalibrate methods with these workers.

\-Tater sampIes were extracted with 1 x 50 ml,and 2 x 25 ml.dichloro- •

methane. The ~xt~acts were combi~ed and concentr~ted t~ < 1 ml'on a

rotary evaporator. The solution was transferred to a 1 ml glass vial

and the solvent removed with a stream of ni trogon. Pentane (20 !-Ll) was

then added and a oeptum. cap crimped on to seal the vial. The extracts

were stored in a freezer ~t -2000 prio; to GC-MB analysis. ,
. ".

Alkaline digestion of tissue has been shown to be an efficient and

relatively ~pid method forthe extraction of hydrocarbons (2,3). Fish

,muscle s~ples (20 g) and liver'samPles (6 g) wer~. digested~der"~eflux

with methanoii,c KOR for 1~ hours, and the' ~ixture ,was allo'Wed to cool to

roomtemperature. The non-sap~nifiable lipids were then extracted with

2 x 25 ml pentane, the extracts being,combined and the treatment there-
, . ,

after beinJ exactly. as for thewater sampIes above. Sediment oamples

. '(70 g)' were dige~t~d'and extract~d using a similar technique. In all
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cases an internal standard containing a kno\.om amount, q-f fluo:rene tmd .

anthracene was added to the salllple prior to the extraction.

ANALYSIS "
"

•

'Analyses were carried out on a Finnigan,3200-6110 computerized

GC-l~ system,'with a splitless'injection on to a20 m OV-1glass capillar,r

colUmn. The carrie:r-gas (helium) .'flowrate was 1.5 ml per minute and the

column was connecteddirectly to 'the ion source of the mass spectrometer

by a platinum capillary.

The salllples were arialysed by mass fragmentography, a technique which

is particularly good forthe,investigation of aromatichydrocarbons (4),

owing to their very stable molecular ions. Any alkylated aromatics

detectedin the salllples would be expectedto,indicate hydrocarbons of

fossil fuel origin't as these compounds have not been found to be produced'

biogenically (5).'

"', During cl GC run mass fragmentograIDs were recorded usingthe HS-data

sys tem'for five groups of ions, a switch being made from one graup to the

next at a pre':'set time. The; ions us~d, and ,the compound:s which they

represent were as folIows:.

57: alKanes128:'naphthalene 141: methyl naphthalenes

57: 141: di-methyl naphthalenes 166': fluorene 170: tri-methyl
naphthalenes '

57 :' 184: .dibenzo-thiophene'

178: phenanthrene and anthracene

206: di-methyl phenanthrcne 212:

192: methyl..phenanthrcnc .
198: methyl dibenzo-thiophene

di-methyl + 226: tri-methyl
, dibenzo-thiophene

\
Q;uantification ofthese aromatic compounds, and of, the n-alkanes of carbon

n~bers 12 to 17 and the isoprenoid pristane, were obtainedby co~parison

of the areas obtained from mass fragmentograIDs with those obtained for

the knovm weights of the internal standards.

RESULTS AlID DISCUSSION

The results of ,the analyses of ~later, fish and sediments are given",

in Tables 1, 2 and 3 respectively. The concentrations of pristane are

listed separately where this is a large ~roportion of the l:AL Values

(sum of conccntrations of n-alkanes C12-17 and pristane), i.e. in the fish
',1,' • :!, ,0;

and sediments.
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Ar(~)Inati:c bydrocarbons arEt rapidly; taken up from sea water by fish (6)
. • N.'~ ..... ,_, •.... .. . • '", • •..• . . .'

and shellfish (7,~)t.,and,the s.ediments prov:ide a sink for tho removal,of

bydrocarbons from the water column. The alkane pattern in the fish was

predominantly natural, boi!lß' made up mainly of pristane, n-hoptadecane

and n-pentadecane.. In ~ost of. the sediments alDo these same aliphatic

hydrocarbons 't'1ere,.predominant. It wa~ apparent, therefore, that by

30 ,April, when,..the: fish and sedimen~ ~amplE?s wor,e, collected, very li tt.le

contribution had been made by the .'Bravo , blow-out to the hydrocarbon

load of either fi~h or sediments.

"'. The. r~sults o~ ·.the. vlat~r analyses show the highest values for the

aromatic,hydrocarbons,'tVithin.the reported boundaries of the oil-slick,.... . . .

but the. ~ampli!lß'&T~?- "fas very widely .spaced and ,thore was considerab~~

variation betweenadjac~ntDtations as weIl as between the two sampIes. ', .. " "., ..... . ,".,

at each station•. , Although these differencos are not sYDternatic, it is
• -: l'll' .. ' ~ .'" • .. ... ~ ~.' . . .,. .

noticeable that, althoueh in the surface water sampIe (1 m) the l:AR .level

(see.}rable ,1). i~;.usual1y.. lessthan EAL.by a factor of 2~4, the c~:mcentra­

t:i;on..of. aromatics in some of the 5 m sampIes is ci thor very,similar to,.. , .,.... -.. ..

or in oeveral cases greater than, the 2:ALvalues. This iso perhaps a ,
t • ',,', ." ". • • • • ~-. . •

refleotion of the greater volatili~~ of the aliphati9.hydrocarbons and
',c .. -, • ~ • .

the greator solubility of tho aromatics • Thero does no t seem to be any

tendency, ror h1ghieveis in' 'h~th: 1 and 5 m' water oamplos ,and 'as th~
\ .....: . ~~ . - .'. . ;: '. . ~'. ~'.' . '". . ." . .

water columnwas not stratifiod at tho time this is"at first" sight' sur-

prisi!lß'. Howover, the sampIes were taken while oil.was still being,,"... .. ... ..
releasod, and dissolution and total mixi!lß' must be.expected to be.a. . . .'

gradual process;

As this was the first praotical' survey wo had been involved in, we

have 'little dat~ 'li th which to ootlpare our resul ts. However, as no oil

Was<reported i~ the north'::'o~stern sector of the grid during the period of

time followingthe'blow-out, the'levels at station 10 probably represent
•
true background. In this oase the highest 'elevation above background was

less than ·100-fold.

Time has not allowed for a formal exchange of data with Norwegian

laboratorien and i twill be interesting to see how their results matoh

those reported here. As mentioned earlier, the techniques used are

identical but,althoughmoasures are' in hand to intercalibrate methods,

thishas not yet been done•. However, i t is undorstood by informal con';",

'tact .that·,.the results" are of the same order. '. I

l:,i .. ,
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During the period of sampling, 28-30 April, CORELLA encountered no

sizable quantities of floating oil, only thin films on the sea surface.

Tbe generally low concentrations of hydrocarbons found in the water may

thercfore have been exceeded in waters below patches of thick oil.
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Table 1 Hydrocarbon concentrations in sea
water (nb/I)

Station 1 m 5 m

L:AL L:AR L:AL L:AR

1 282 97 181 37
2 137 67 .. 378 80

3 283 183 222 139

4 188 71 163 33

5 581 65 315 101 •6 127 86 !'Ta SAMPLE

7 360 111 282 19
8 523 246 164 28

.9 250 47 NO SA11PLE

10 54 35 NO S.Alll?LE

11 218 111 137 49
12 98 57 92 58
13 2141 - . ..301 2349 1119

14 140 65 NO SAHPLE

15 144 94 1107 565
16 349 169 1510 718
17 393 143 18 45
18 205 74 20 32 •19 736 273 68 47
20 490 192 831 667·
21 877 273 1547 1144
22 859 252 106 214
23 553 306 132 469
24 3867 1696 246 221

25 506 318 1387 1121
26 308 59 726 364

~AL - sum of concentrations of n-alkanes 012-17
and pristane

~AR - sum of concentra.tions of naphthaIene,
phenanthrene and dibenzo-thiophene, and
their methylated derivatives



Table 2 Hydrocarbon concentrations in fish (ng/g wet weight)

Species Section Station J:AL Pristane J:AR

Plaice Liver 30 1301 1199 0.2
11 " 32 1616 1256 31

" Huscle 30 111 39 1.1

" 11 30 343 311 0.5
11 11 32 332 253 1

" " 32 923 851 2

Haddock " 32 200 68 2
11 " 32 48 28 0.4

Whelks 32 168 131 16

Horse musseIs 32 311 98 14

Table 3 Hydrocarbon concentrations in
surface sediments (ng/g wet
Height)

Station J:AL Pristane J:AR

2 51 40 18

26 11 4 3

21 45 24 11

28 82 46 10

29 43 20 14
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Figure 1. Sampling grid worked by R.V. Corella, with station numbers
and showing the approximate position of the oil slick.


