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When an o i l  sp i l l  occurs at sea, the hydrocarbons i n i t i a l l y  
accumulate at the air /sea interface. They can then be dispersed 
by evaporation, solut ion, oxidat}on, or microbial degradation 
(KOONS 1973). Zooplankton are known to ingest o i l  droplets and 
to incorporate them into fecal pe l le ts ,  which sink to the ocean 
f loor .  I t  has been suggested that th is  process contributes 
s ign i f i can t l y  to the dispersion of sp i l led oi l  (CONOVER 1971). 

We have found that the mean rate of discharge of alkanes 
from each of the two production platforms in the Buccaneer o i l -  
f i e l d  is approximately 200 g per day (MIDDLEDITCH et al. 1978a) 
and that most of these compounds are found (at concentrations up 
to 43 ppb) at the air /sea interface in the surrounding region 
(MIDDLEDITCH et al. 1978b). We have now examined sixteen samples 
of zooplankton, col lected during May, August, and December of 
1976, to determine whether they contain petroleum alkanes and 
whether they might contr ibute s ign i f i can t l y  to the dispersion of 
o i l  discharged from the production platforms. 

METHODS 

Bulk plankton samples were col lected by J. H. Finucane and 
his colleagues of the National Marine Fisheries Service. Sub- 
surface samples were obtained using paired 61 cm diameter bongo 
nets with mesh size of 0.333 and 0.505 mm. Timed double oblique 
tows were performed to sample the depth strata equally from the 
surface to about 1 m of f  the bottom. The water depth was 17-20 m 
throughout the study area. A neuston net, with a mouth opening 
of 0.5 x 1.0 m and a mesh size of 0.505 mm was used to co l lec t  
surface samples. Al l  samples were frozen in sea water in glass 
jars on board ship and were kept frozen unt i l  they were analyzed. 
Locations at which samples were col lected are given in Table 1. 
The two production platforms in the Buccaneer o i l f i e l d ,  designated 
A and B by NMFS for the purpose of th is study, are located at 
28~ 94~ and 28~ 94~ respectively. No 
attempt was made to separate and analyze individual species; a 
copepod (Acart ia tonsa), the sergestid shrimp (Luci fer faxoni) ,  
and a chaetognath ~(Sagitta tenuis) were among the major species 
obtained (FOTHERINGHAM, personal communication, see also 
FOTHERINGHAM and BRUNENMEISTER (1975)]. J. H. Finucane w i l l  
report the ichthyoplankton abundance and species composition 
elsewhere. 
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TABLE I 

Tabulat ion of  zooplankton samples 

Co l l ec t i on  
Sample Date Method 

I 5-24-76 bongo 

I I  5-24-76 bongo 

I I I  5-24-76 bongo 

IV 5-25-76 bongo 

V 8-16-76 bongo 

Vl 8-16-76 bongo 

VII 8-17-76 bongo 

VIII 8-17-76 bongo 

IX 12-3-76 neuston 

X 12-3-76 neuston 

XI 12-3-76 neuston 

XII 12-3-76 neuston 

XIII 12-3-76 neuston 

XIV 12-3-76 neuston 

XV 12-3-76 neuston 

XVI 12-3-76 neuston 

Location m 

28~ 94~ 

28~ 94~ 

28~ 94~ 

28~ 94~ 

28~ 94o45'W 

28~ 94~ 

28~ 94~ 

28~ 94o38'W 

28~ 94~ 

28~ 94~ 

28~ 94~ 

28~ 94~ 

28~ 94~ 

28~ 94~ 

28~ 94~ 

28~ 94~ 

*Plankton were co l l ec ted  in areas extending I 'N  and I'W from these 
loca t ions .  

The extraction procedure was based upon that described by 
WARNER (1976). A sample of plankton (about 10 g) was homogenized 
using a Brinkman PT 10-35 Polytron power unit equipped with a 
PT 20ST generator. The homogenate was transferred to a 50 ml 
centrifuge tube and n-[2H42]eicosane and n-[2H66]dotriactonane 
were added as internal standards (MIDDLEDITCH and BASILE 1976). 
Sodium hydroxide solution (4 ml, 4N) was added and the tube was 
heated at 90 ~ for 2 hr. The saponified material was extracted 
with 15 ml and then 10 ml of diethyl ether. Each time, the super- 
natant layer was drawn off after centrifugation at 2000 rpm for 
10 min. The combined extracts were dried over anhydrous sodium 
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su l f a te  (1 g) and the so lvent  evaporated using a Buchi/Brinkman 
Rotavapor R r o t a t i n g  evaporator.  

The ex t r ac t  was appl ied to a 1 x 20 cm column of ac t i va ted  
s i l i c a  gel (60-200 mesh) and an alkane f r a c t i o n  was e lu ted  in 
40 ml of  cyclohexane ("nanograde") .  This f r a c t i o n  was reduced 
in volume, again using the r o t a t i n g  evaporator ,  to 100-500 N1 and 
4 N1 a l i quo ts  were used fo r  gas chromatography (GC) or combined 
gas chromatography - mass spectrometry (GC-MS). 

2 m x 6 mm s i l a n i z e d  glass columns conta in ing  1%o OV-1 on 
Supelcoport  (100-120 mesh) were programmed from 100 to 300 ~ at 
4 per min in Perkin-Elmer 3920B gas chromatographs equipped w i th  
flame i o n i z a t i o n  detec tors .  The i n j e c t o r  and de tec to r  tempera- 
tures were, r e s p e c t i v e l y ,  225 and 300 ~ A Hewlett-Packard 5982A 
instrument was employed fo r  GC-MS under s im i l a r  cond i t ions ,  except 
tha t  the column temperature was l im i t ed  to 270 ~ since the i n s t r u -  
ment was equipped wi th  a s i l i c o n e  membrane molecular separator .  

RESULTS AND DISCUSSION 

Concentrat ions of alkanes (ppb, wet weight)  in sub-surface 
plankton samples co l l ec ted  in May and August, 1976, are given in 
Table 2 and data fo r  surface plankton samples co l l ec ted  in 
December, 1976, are given in Table 3. Alkanes l i g h t e r  than 
n-dodecane are not tabu la ted  because they are too v o l a t i l e  f o r  
accurate quan t i t a t i on .  The only branched alkanes detected are 
p r i s tane  and phytane so the term " t o t a l  alkanes" re fe rs  only to 
those compounds l i s t e d  in Tables 2 and 3. 

The t o ta l  alkane concent ra t ions ranged from 250 ppb (XI )  to 
3.58 ppm (XIV) .  There was also a wide v a r i a t i o n  in the d i s t r i b u -  
t i on  of alkanes from sample to sample. These va r i a t i ons  merely 
r e f l e c t  species d i f f e rences ;  our major i n t e r e s t  is in the content  
of  petroleum hydrocarbons. 

The f i r s t  two samples co l l ec ted  on May 24, 1976 ( I ,  11) were 
from the NW and SE quadrants, r espec t i ve l y ,  of  the Buccaneer 
o i l f i e l d .  The i r  alkane contents were almost i d e n t i c a l ,  w i th  
n-docosane and n-pentadecane predominating. There was no c lear  
i n d i c a t i o n  of  the presence of pet ro leum-der ived alkanes. Sample 
111 was co l l ec ted  on the same day from a loca t ion  10 km SE of  the 
o i l f i e l d .  I t  contained large amounts of n-pentadecane and 
n-heptadecane, but no petroleum alkanes. On the fo l l ow ing  day, 
a sample from the NE quadrant of  the o i l f i e l d  ( IV)  contained very 
l i t t l e  n-pentadecane, and there was no c lear  evidence fo r  pet ro-  
leum contaminat ion. 

Four samples were co l l ec ted  dur ing mid-August: from the NW 
quadrant (VI)  and the NE quadrant ( V I I )  of  the o i l f i e l d  and from 
po in ts  10 km NW (V) and SE ( V I I I )  of  the center  of  the f i e l d .  I t  
is  poss ib le  tha t  the C19 to C23 alkanes in sample V were pet ro-  
leum der ived,  although t h i s  cannot be s tated wi th  c e r t a i n t y .  
Samples VI and VI I  were very s im i l a r  in composit ion, and the 
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TABLE 2 

Concentrations (ppb) of alkanes in sub-surface plankton samples. 

Alkane I I I  I I I  IV V Vl Vl l  V l l l  

n-C12H26 40 40 

n-C13H28 25 30 

n-C14H30 20 30 30 

n-C15H32 100 140 450 8 170 250 120 120 

n-C16H34 70 70 70 5 100 170 130 60 

n-C17H36 90 90 110 30 220 200 200 90 

n-C18H38 50 50 50 40 100 60 95 50 

n-C19H40 50 20 40 20 70 40 50 30 

n-C20H42 10 10 140 20 30 20 

n-C21H44 10 10 30 10 100 20 25 20 

n-C22H46 250 200 50 10 80 40 40 30 

n-C23H48 20 20 30 20 50 50 35 30 

n-C24H50 30 30 40 15 70 50 35 30 

n-C25H52 15 50 30 80 

n-C26H54 10 20 15 20 17 5 

n-C27H56 20 50 30 5 30 12 30 

n-C28H58 20 90 20 15 70 12 30 

n-C29H60 20 20 20 40 20 5 20 

n-C30H62 20 20 10 10 50 I0 5 5 

n-C31H64 10 7 

n-C32H66 3 

n-C33H68 5 

n-C34H70 3 

n-C35H72 

n-C36H74 

n-C37H76 
pristane 50 70 80 35 190 200 210 90 

phytane 30 30 30 I0 40 30 35 20 

Total 915 930 1200 293 1 4 2 0  1 3 3 0  1104 760 

424 



TABLE 3 

Concentrations (ppb) of alkanes in surface plankton samples, 

Alkane IX X XI X I I  X I I I  XIV XV XVI 

n-C12H26 

n-C13H28 
n-C14H30 5 5 2 3 2 10 3 

n-C15H32 20 40 20 30 12 15 I0 30 

n-C16H34 15 20 8 8 10 10 15 10 

n-C17H36 20 50 35 70 20 40 85 170 

n-C18H38 10 10 10 5 12 10 30 20 

n-C19H40 10 20 8 10 10 15 40 20 

n-C20H42 5 2 5 20 25 20 

n-C21H44 3 5 2 2 5 40 27 5 

n-C22H46 10 5 5 8 10 150 30 5 

n-C23H48 10 5 5 10 12 300 35 5 

n-C24H50 15 35 8 15 20 440 45 10 

n-C25H52 25 40 8 20 20 520 50 10 

n-C26H54 15 25 8 20 22 470 45 15 

n-C27H56 15 230 5 15 10 510 40 10 

n-C28H58 20 20 5 10 20 300 35 15 

n-C29H60 5 220 2 2 10 150 25 5 

n-C30H62 10 30 2 8 80 20 5 

n-C31H64 3 1020 2 10 60 17 5 

n-C32H66 30 2 2 90 15 5 

n-C33H68 400 2 5 40 15 5 

n-C34H70 10 2 2 30 10 10 

n-C35H72 5 2 30 6 15 

n-C36H74 5 2 20 5 20 

n-C37H76 10 20 
pr istane 160 180 102 40 225 200 65 90 

phytane 5 5 5 2 10 20 12 15 

Total 381 2415 250 270 466 3580 705 540 
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C2o to C2~ alkanes may tentatively be ascribed to petroleum con- 
tamination. Sample VIII  was probably uncontaminated. 

Since we had established that petroleum hydrocarbons in the 
Buccaneer o i l f ie ld  were found mainly at the air/sea interface 
(MIDDLEDITCH et al. 1978b), the other eight samples (IX-XVI) were 
collected using a neuston net, on December 3, 1976. Four samples 
(IX-XII) were collected along a transect running from a point 
14 km NW of the o i l f ie ld  to a point 10 km W of the oi l f ie ld.  I t  
is possible that the C2o to C35 alkanes in samples IX, XI, and XII 
were from petroleum. The alkanes in sample X were dominated by 
n-heptacosane, n-nonacosane, n-hentriacontane, and n-tritriacon- 
tane: the high odd/even chain length preference being charac- 
ter is t ic  of a biogenic origin. Samples XII I ,  XIV, XV, and XVI 
were collected, respectively, from the NW, SE, NE, and SW quad- 
rants of the oi l f ie ld.  I t  is almost certain that the CIs to C3~ 
alkanes from sample XIV are petroleum-derived, and a similar 
distribution is observed, to a lesser extent, in samples XI I I ,  XV, 
and XVI. 

CONCLUSIONS 

BLUMER et al. (1963, 1964) have reported the presence of 
pristane in r-ela-tively high concentrations in several copepods and 
have suggested that this compound has a role in the maintenance of 
buoyancy by these organisms. A number of unsaturated hydrocarbons 
have also been reported in zooplankton (BLUMER and THOMAS 1965, 
BLUMER et al. 1970). The major n-alkane in a sample of mixed 
zooplankton and phytoplankton from Tarpaulin Cove, Massachusetts 
was n-heptadecane, and lower concentrations of other C14 to C29 
n-alkanes were found (CLARK and BLUMER 1967). 

We have found pristane and other biogenic alkanes in each 
sample examined. The presence of large amounts of CIa to C~? 
alkanes in sample XIV is believed to be good evidence for petro- 
leum contamination (MIDDLEDITCH et al. 1977). A similar d is t r i -  
bution of alkanes is observed in'-se~ral other samples. 

In summary, one (XIV) of the nine samples from the center of 
o i l f ie ld  was heavily contaminated with o i l ,  two (XII I ,  XIV) were 
sl ightly contaminated, and another two (Vl, VII) may have been 
contaminated. There is some evidence that two (V, XI) of the 
seven samples collected at distances of 10-15 km from the o i l f ie ld  
contained petroleum alkanes. 

Further work is required to determine which species of plank- 
ton preferentially ingest the oil and whether they have a role in 
the dispersion of oil discharged from the production platforms by 
( i )  incorporation into fecal pellets which sink to the ocean 
floor, or ( i i )  transport away from the region of the oi l f ie ld.  
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