FOREWORD

Marine contamination by petroleum, whether by
natural seepage or by spills from ships at sea, by ac-
cidents in harbour or at offshore installations or by
atmospheric or terrigenous input is by no means a new
or rare phenomenon. In recent years however, the
problems have been highlighted not only by the increas-
ed utilisation and marine transport of oil but also by a
number of spectacular accidents which have raised
questions about possible effects on the ecosystem. A
number of detailed studies have been carried out in an
attempt to answer these questions. The demands for
such knowledge have been further increased by the
various questions raised as a result of expansion of off-
shore exploration and exploitation for oil, particularly
in environments hostile to these operations, in regions
as far apart as the northern North Sea and the coast
of Alaska.

Consequently, diverse aspects of the problem are
being studied in several parts of the world by chemists
and biologists who are often asking the same questions
but using different approaches and sometimes pro-
ducing conflicting views. Against this background, it
seemed timely therefore to bring together a group of
scientists from university, industry and government,
actively engaged in such work, to examine and discuss
common problems relevant to petroleum hydrocarbon
contamination of the marine ecosystem and so a Work-

shop was sponsored by the International Council for
the Exploration of the Sea, and held in Scotland at
Aberdeen in September 1975.

The Workshop considered methodology, occurrence
and fate in the environment, and effects on the eco-
system of petroleum hydrocarbons in the sea. Most of
the papers presented and updated where necessary, are
brought together in the present volume together with
an edited version of the recorded discussion that fol-
lowed each session. Of necessity, the reportage of the
discussion is very brief although the proportion of time
available for discussion compared favourably with that
set aside for formal presentation of the papers. In pre-
paring the discussion reports, the editors were assisted
in particular by Dr R. Hardy, Dr R. Johnston, Mr P.
R. Mackie and Dr I. C. White, and by comments from
several contributors.

No attempt was made to produce specific recom-
mendations but a study of the papers in this volume
does give a clear indication of several lines of research
which must be followed up before an adequate under-
standing can be reached of the effects of petroleum
in the sea and it is evident that widespread monitoring
operations will be fully effective only when the basis
of our knowledge has been thus extended.

A list of participants to the workshop may be found
in Appendix I.

A.D. McINTYRE
K. ]J.WHITTLE
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Because of the heterogeneity of the marine ecosystem a variety of sampling and extraction techniques
have to be used to obtain relevant fractions for hydrocarbon or petroleum oil component analyses. Con-
siderable care has to be taken to obtain representative samples and also to minimise sample contamination.

The application of z-alkane analyses to these problems is described and the problems in interpretation

are highlighted.

INTRODUCTION

Petroleum crude oils and petroleum products are
complex mixtures whose analysis in the marine environ-
ment poses considerable difficulties. For large quanti-
ties such as in an oil spill, a number of adequate meth-
ods can be used to confirm their identity. At lower con-
centrations, however, one is usually restricted to the
measurement of a single component or group of com-
ponents. From such measurements extrapolations are
necessary in order to estimate the amount of petroleum
in the sample.

It is not the purpose of our paper to discuss methods
for and interpretation of extrapolations of this kind but
rather to deal with the question of sampling and, in
particular, the means of obtaining a representative
sample. To do this, a standard method of analysis has
to be used and we have chosen to measure the amount
of n-alkanes present.

EXPERIMENTAL

A sampling site at Loch Ewe on the north-west
coast of Scotland was chosen because it is remote from
industrial centres, is not close to any major shipping
lanes and was thus felt to represent a comparatively
unpolluted area. Conversely, Port Seton is situated on
the Firth of Forth which carries a large volume of
shipping and on whose banks are major urban and in-
dustrial areas including a large refinery; it is typical of
an area where petroleum input is likely to be high.

SAMPLING AND EXTRACTION
SURFACE FILM

The surface film was sampled by laying a stainless
steel screen (67X 100 cm, 200 mesh) on the sea surface,

rolling the screen up and placing it on top of an up-
right glass beaker inside a glass extraction tube to hold
it clear of the bottom of the tube which was then stop-
pered. Care was taken to minimise handling of the
screens.

An aliquot of cyclohexane (5 ul) containing squalane
(5ug) was then placed on the screen by means of a
syringe. Pentane (150 ml) was poured over the screen
and a condenser connected to the head of the tube. The
bottom of the tube was heated in a water bath, caus-
ing the pentane to reflux (3 hours) thus bathing the
screen in vapours and vapour condensate but keeping
it isolated from the boiling solvent. After cooling, the
pentane was separated from the water layer, which
usually amounted to 30 ml, and then concentrated to
about 1 ml on a rotary film evaporator. The subsequent
work-up procedure was essentially that described by
Mackie et al, 1974.

The series of screens from Port Seton were given an
additional wash with chloroform/methanol (1:1) (100
ml) after the pentane extraction. Distilled water (50
ml) was shaken with the chloroform/methanol in order
to separate the chloroform. The latter was then washed
with a further 50 ml distilled water and the organic
phase removed on a rotary evaporator. The residue
was dissolved in an aliquot of pentane (1ml) which
was worked-up as previously described (Mackie et al,
1974).

SUB-SURFACE WATER

The sample of sub-surface water (5 litre) was ob-
tained by opening and closing glass Winchester bottles
under the surface, allowing the bottles to fill at a depth
of 1m. The sample was then filtered through a no-
minal 20 um stainless steel screen prior to the addition
of the internal standard, [squalane (1ug) in cyclo-
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Figure 15.1 Surface film from Loch Ewe.

! The figures 15-20 are a plot of the arithmetic mean of the
values of the individual n-alkanes. The vertical lines show the
range of values. The lines joining each mean value have been
inserted to make the alkane distribution easier to follow visually.
They have no real meaning.

hexane (10 ul)], and subsequent extraction with 3X 50
ml aliquots of pentane (Mackie et al, 1974). Manipu-
lations were reduced to the absolute minimum since
vessel-to-vessel transfers can result in considerable loss-
es.

SEDIMENT

Intertidal cores were taken at low tide since no divers
were available. At Port Seton, cores 40 mm deep were
obtained with both a 100 mm and a 45 mm diameter
perspex corer. At Loch Ewe the wide cores only were
taken to a depth of 70 mm. All cores at both sites were
sampled within an area of 2000 cm?. It would have
been desirable to have collected cores of uniform length
but this was impractical due to the varied nature of
the beaches.

The cores were extracted by the method of Mackie
et al (1974).

FISH

A batch of twenty codling caught by hand line in
Loch Fyne were placed in a large tank and fed a squid
diet over a period of 10 months. Samples of three, and
in one instance four, fish were withdrawn at approxi-
mately 2 monthly intervals, sacrificed and the muscle
and liver tissues excised. After mincing, the internal
standard [squalane (1 pg in the case of the muscle, 5
ug in the case of the liver) in cyclohexane (10 ul)] was
added and the sample treated according to Mackie et
al (1974). All samples were analysed at the same time.

Table 2. n-Alkane content of Port Seton surface films
(in pg/m?)

Carbon number 1 2 3 4
i 0-42 0-03 0-03 0-02
16, 0-20 0-11 0-15 0-18
WV sievs o 5 50505 9 5 5 it 3 5 o v 0-23 0-29 0-29 0-40
18. i 0-28 0-25 0-21 0-20
Ui 5 ¢ i 1 m 2 o o 0-48 0-26 0-19 0-34
e O O A OB e 0-65 041 0-38 061
2l 1-31 1-02 1-02 1-18
PP s v 5 0 ol 5 5% S o e 2-12 2-10 2-46 2-35
2B i o = = vt o o v siiog 5 i 2-02 2-83 3-87 4-35
P e 4 5 5 8 R B e 2-35 3-68 5-47 5-87
2Dl i s e i, i i 8 2-64 4-03 6-16 6-20
0L 5 55550 51 8 1 s o B s o 3-35 4-44 6-75 6-29
LT . 3-20 3-76 5-80 5-60
2B 2 e w e i o o i 3-10 3-67 4-51 4-28
29 ¢ i s w5 0 s 3 % oo & & 2-80 2:76 3-34 3-49
30 i 2:74 1-70 2-87 263
B w o s ¢ i s 8 i 5 o 2-59 1-83 2-22 2-09
. 1-79 0-74 1-35 1-36
B8 < 2 5 2555 56 5 i o 8 8 e 1-13 0-53 1-08 0-85
Za } ............... 3339 3444 4816  48:29
Pristane (PR).......... 177 0-88 0-66 L-17
Phytane (PH).......... 0-04 0-12 0-09 0-09
PR:PH............... 43:1 7:1 7:1 13:1
9% Standard recovered after

extraction with pentane 54 53 55 61
9% Standard recovered after

re-extraction with

chloroform : methanol 95 93 93 96

EFFICIENCY OF EXTRACTION

The following experiments were carried out to de-
termine the efficiency of the various extraction proce-
dures.

SURFACE FILM

Pentane (10 ul) containing a North Sea crude oil
(10 ug) was added with a syringe to the surface of
water contained within a large shallow pyrex dish.
After allowing the pentane to evaporate the film was
sampled with a 67X 100 mm piece of mesh previously
described. After correction for the area of the mesh in
relation to the area of the vessel a routine recovery of
75 £ 2% was obtained. No difference was observed
using tap, distilled or sea water. The oil recovered had
an identical GLC profile in the region of interest (C1s—
Css) to that of the starting material.

SUB-SURFACE WATER

Because of the difficulties of preparing a homo-
geneous solution of alkanes in water, recovery experi-
ments were carried out using solutions of benzene in
sea water. These solutions were prepared in a ther-
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Figure 16. Sub-surface water from Loch Ewe.

mostated bath maintained at 10° by slowly stirring
filtered sea water under benzene ensuring that a vortex
did not form during the stirring. The dissolution of the
benzene was monitored by pumping the chilled sea wa-
ter through a flow cell in a spectrophotometer set at
a wavelength of 254 nm and the concentration of ben-
zene in the underlying water was measured from the
steady absorption value. The water, free of overlying
benzene, was then extracted with three, 50 ml, portions
of pentane as described above. Recoveries of benzene
in the first, second and third extractions were 90, 7 and
2 % respectively. Since the alkanes of interest are less
soluble than benzene it is assumed that their recovery
would be at least as good as that of benzene.
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Figure 17. Sub-surface water from Port Seton.

30
29

25

21

I
™~

.

inki

Hd/g dry weight

\

L I~
. I ! | ! l i
15 17 19 21 23 25 27 29 31 33
CARBON No.

Figure 18. Sediment from Port Seton (wide core).

SEDIMENT AND ANIMAL TISSUES

Known amounts of oil added to sediments and tissues
and extracted as described earlier gave recoveries of
95 % . This method of testing is not wholly satisfactory,
however, since added oil will simply give a surface coat-
ing on the material, whereas hydrocarbons already pre-
sent in the tissue are more likely to be in a dispersed
state and thus more difficult to extract.

RESULTS AND DISCUSSION
SURFACE FILM

The Loch Ewe results obtained by extracting the
screens with pentane only are shown in Figure 15. The
range of values for each individual alkane are shown
(results of 7 determinations) and the graph is plotted
through the arithmetic mean. The variation in quantity
of individual n-alkanes (average coefficient of variation
37 %) is quite marked and greater than that for the
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Figure 19. Sediment from Port Seton (narrow core).
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total quantity of n-alkanes (coefficient of variation
27 %) and, as expected from such observations, the
envelope patterns were not identical. This would seem
to indicate that the surface film, even within a small
area, was not homogeneous with respect to single n-
alkanes but was more so for the total. In this set of
experiments recovery of the internal standard, squa-
lane, was low (60 % ).

The results obtained from the analysis of the Port
Seton screens which were reextracted with chloroform/
methanol in the manner described earlier are shown in
Table 2. It is clear that total recovery of squalane was
better than 90 % . The samples from the first and se-
cond extractions were analysed separately but the total
quantities are recorded in the Table. It was disturbing
to note that samples taken close to one another did
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Figure 20. Sediment from Loch Ewe (wide core).

not give identical gas chromatographic patterns and,
at least in this work, it appeared that extraction with
pentane alone did not extract the alkanes and squalane
to the same extent. The results on the four samples
taken show a peculiar division almost as though two
separate films were present. We conclude that er-
roneous values can be obtained if care is not taken to

Table 3. n-Alkane content and composition of cod
flesh and liver (ug/g wet wt)

Carbon number 62 days 42 weeks
Flesh Liver Flesh Liver
U5 i s o 6 wisrons 0-002 0-10 0-001 0-06
1B, o o s S 31 e i 0-002 0-07 0-002 0-03
BT o e el o e 0-002 0-07 0-004 0-11
B8 o i & o 5 5 s 0-007 0-04 0-006 0-01
N B oot g 0-003 0-04 0-007 0-04
20 5 o 6 g 5 3 5 o 0-004 0-05 0-004 0-06
221 [ 0-006 0-05 0-004 0-04
DD 5 o 4 g, 5 5 8 S0 0-007 0-07 0-006 0-04
2 0-011 0-12 0-009 0-13
24 0-015 0-12 0-014 0-08
2 s 5 5w 3 6 0-019 0-17 0-020 0-20
DB - i ot e o 0 0:020 0-27 0-023 0-21
DT 55 B s F 0:019 0-54 0-023 0-32
28 s v 6 s osw e 0-015 0-47 0-018 M*
29 e 55 it e, w H e 0-013 0-40 0-014 0-24
B0 s 5w i 50w 0-008 0-12 0-010 0-08
. 1| RN 0-008 1-38 0-009 2-36
B st v a5 ple s s u 0-006 0-03 0-006 0-02
K 1 R, 0-006 0-19 0-004 0-45
D et 60 0-173 4-30 0-184 4-48
Pristane.c .« 0-008 0-22 0-012 0-24

*M — masked by squalane
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Table 4. X ég and Pristane in codling kept under identical conditions (ug/g wet wt)

Flesh Liver
X e e o i s 0-375 0-173 0-151 416 1-64 430
62 Days
Pristane............. 0-009 0-008 0-008 0-17 019 0-22
D, oo i 1g 4 w19 e s 0-179 0-166 0-182 2-81 351 1-35
126 Days
PrISArse o « o o 1 5 6 e 0-084 0-031 0-031 0-27 0-45 0-30
s ¢ 6 e s § 5 A 0-140 0-155 0-167 5-58 563 3-52
175 Days
PrIStARe ; . . i s » = i 5 0-005 0-008 0-005 0-15 0-17 0-12
B 6 3 e SRR s 0-186 0-229 0-198 8:72 7-42 7-33
245 Days
Pristane:. ..o v - « « swi o » 0-008 0-017 0-012 0-28 0-30 0-29
B e oo e 0-097 0-096 0-120 0-184 2:20 4-48 3-84 311
294 Days
Pristane............. 0-012 0-010 0-011 0-012 0-06 0-24 0-11 0.10
z PR PR
Minimum value............. 0-096 0-005 1-35 0-06
Maximum value ............ 0-375 0-084 8:72 0-45
Arithmetic mean............ 0-175 0-017 4-35 0-21
Coefficient of variation. ...... 349, 1189, 499, 489,

extract all the hydrocarbon material and that further-
more the composition and content of the surface film
can be heterogeneous even within such small sampling
areas. If the amounts of alkanes in the surface film are
to be determined in future by sampling with this screen
procedure then extraction methods should be examined
further. Laboratory produced oil films are not wholly
satisfactory as a test system since the hydrocarbons in
natural conditions are closely associated with more
polar lipid material which is not readily soluble in
pentane. Experiments designed to find more suitable
extraction methods are under way.

SUB-SURFACE WATER

The results (Figs. 16 and 17) are presented in the
same form as for the Loch Ewe surface film. Again
there are considerable variations in the concentrations
of individual and total n-alkanes although the varia-
tions in the former are again more pronounced. We
did, however, obtain an efficient extraction of both the
alkanes and the squalane. This was shown by re-extract-
ing the samples with chloroform; although a large
quantity of more polar lipid material was obtained no
hydrocarbons were present. Both the Loch Ewe and
Port Seton extracts have essentially the same envelope
with the main peak at Cze. On the basis of these ana-
lyses it would seem that alkanes are not distributed

homogeneously in the water. Perhaps this is to be ex-
pected if they are present, absorbed or adsorbed on par-
ticulate material.

SEDIMENT

It must be stressed that the cores analysed in this
experiment were taken from the intertidal zone at low
tide. Thus, the variations discussed here are probably
not the same as those encountered in open sea sedi-
ments, since it is likely that the intertidal zone is sub-
ject to more disturbance. It is immediately obvious
from the results presented in Figures 18—20 that the
sediments from the two areas are quite different. The
Port Seton samples do not possess the odd carbon atom
predominance normally associated with recent sedi-
ments. This is not due to any masking effect since all
alkanes having high carbon numbers are present at
very low concentrations.

The carbon preference indices at Loch Ewe vary
from 1-3 to 2:1 with a mean value of 1:6 (coefficient
of variation 24 %) while those at Port Seton are lower
and much more constant (1-0 to 1-3 with a mean of 1-1
and a coefficient of variation 8 % ).

In the limited repetitive sampling carried out in this
study considerable variation between samples was ob-
served. It is concluded therefore that values from single
samples represent only that particular sampling site and
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probably provide only an approximate indication of
the levels in the general sampling area.

FISH

The results of two single fish samples, including both
liver and muscle tissue analyses near the beginning
and at the end of the period of holding are given in
Table 3. The total n-alkane and pristane levels for all
the fish are presented in Table 4. There is still consider-
able variation although less than with the water and
sediment samples. No analyses have been done on
several individual wild fish caught at the same time
where the scatter might be expected to be greater be-
cause of the variable environmental conditions.

The difference in n-alkane content and profile be-
tween the flesh and liver is immediately obvious with
the liver containing an order of magnitude more n-
alkanes than the flesh.

One can conclude from this work that even when
samples are taken from small well defined sites or from
fish that have been kept under identical conditions a
considerable scatter in the n-alkane levels is obtained.

For greater precision it would be essential to carry out
considerably more analyses. Although this is of interest
from the point of view of determining the likely scatter
in the results replicate sampling on such a scale would
be impractical in pollution monitoring. It can be
questioned whether for many purposes greater precision
is required since the values observed in this work and
elsewhere are low. Thus, it would be relatively easy to
detect the presence of large inputs of oil, as for example
from tanker washings which at present probably enter
the sea at a mean oil concentration of around 100 pg/
ml (IMCO, 1973).
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