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SUMMARY 

n-Alkanes, pristane, and phytane are amon, = the hydrocarbon?; in discharged 
brine from production platforms in the Buccaneer oilfield. These compounds are 
detected in surface seawater samples, but hydrocarbons in bottom water samples are 
apparently of bacterial origin. Petroleum alkanes are also found in shrimp, fish, 
barnacles, plankton, and sediments. 

INTRODUCTION 

Detailed studies have been made of the environmental effects of accidental oil 
spills from tankers and offshore wells’. Little is known, however, of the possible effects 
of routine offshore oil production. In view of the mounting environmental concern 
over the proliferation of such activity, the Nation&l Marine Fisheries Service has 
initiated a multidisciplinary study of an established oilfield in the Northwestern Gulf 
of Mexico’. 

The Buccaneer oil field, operated by the Shell Oil Company, occupies blocks 
288, 289, 295, and 296, approximately 50 km off Galveston, Texas, U.S.A. It was 
selected for this study because: (i) it is isolated from other active oil fields, (ii) it has 
been in production for about 15 years, sufficient time for the development of a 
dynamic climax marine community associated with the field, and (iii) there have been 
few reported oil spills (totaling less than 1000 1) during the history of the field. 

This report is concerned with the routine discharge of alkanes from the two 
production platforms in the field, and the subsequent distribution of these com- 
pounds in the surrounding ecosystem. 

A network of pipelines carries the gas-oil-brine mixture from satellite wells to 
the two production platforms. At each platform the gas is separated from the liquids, 
but some of the heavier components of the gas later condense. The crude oil is sepa- 
rated from the brine, and the polished brine is discharged into the sea. We have 
examined crude oil, condensate, and discharged brine samples from each of the plat- 
forms. Also reported here are data for alkanes in water, shrimp, fish, barnacles, 
plankton, and sediments. 
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EXPERIMENTAL 

Materials 
All organic solvents (except diethyl ether) were Mallinckrodt (St. Louis, MO., 

U.S.A.) “nanograde” quality. Silica gel (60-200 mesh) for chromatography, ob- 
tained from J. T. Baker (Phillipsburgh, N-J., U.S.A.), was heated at 170” for at least 
24 h before use. Hydrocarbon standards were purchased from Applied Science Labs. 
(State College, Pa., U.S.A.) or from Chem Service (West Chester, Pa_, U.S.A.) and 
deuteriated hydrocarbons from Merck (Elmsford, N-Y., U.S.A.). 

Samples 
AI1 of the samples described in this report were collected for us by personnel 

from the National Marine Fisheries Service, Gulf Fisheries Center, Galveston, 
Texas, U.S.A. 

Use of internal standards 
n-[2H,,]Eicosane and n-r&Jdotriacontane were added to each sample prior 

to analysis so that quantitative data would not be impaired by variations in sample 
recovery, volume of solution injected into the gas chromatograph, or instrument 
parameters. The deuteriated alkanes were separated from alkanes on a conventional 
packed gas chromatographic (GC) column, so no mass spectrometer was required 
for their selective detection3. 

Extraction of crude oil and condensate 
Small samples (I ~1, approx. 1 mg) of each sample were shaken with 1 ml of 

cyclohexane. The vo!umes were reduced by evaporation under nitrogen, and the 
concentrated solutions were fractionated by column chromatography. 

Extraction of discharged brine and seawater 
0.2-1.0 I was used for anaIysis. Hydrochloric acid was added to adjust the 

brine to pH 2. 100 ml of the brine were shaken with 100 ml of cyclohexane. The 
aqueous layer was discarded and the same 100 ml of cyclohexane were shaken with 
a further 100 ml of brine. This procedure was repeated until the entire brine sample 
had been extracted. In principle, it would have been more efficient to extract the brine 
sample several times with larger volumes of cyclohexane but this might have lead to 
greater contamination of the sample. Any possible reduction in recovery of hydro- 
carbons from the brine was offset by similar losses of the deuteriated hydrocarbons, 
so the results of the analyses were unimpaired. The extracts were reduced in volume 
using a Buchi-Brinkmann Rotavapor R rotating evaporator. 

Extraction of shrimp and fish 

Approx. 10-40 g of tissue from each animal was homogenized using a 
Brinkmann PT-35 Polytron power unit and a PT 20ST generator and then heated 
with 4 M sodium hydroxide solution (4 ml) at 90” for 2 h. The saponified material 
was extracted twice with 15ml aliquots of diethyl ether and, each time, the super- 
natant was drawn off after centrifrrgation at 2000 rpm for 10 min. The combined 
extracts were dried over anhydrous sodium sulfate and evaporated using the Rotavapor 
prior to chromatography. 
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Analyses were performed on muscle and liver tissue from 20 species of fish. 
Data for the atlantic midshipman (PoricMzys porosissimus) caught on August 11, 
1976, by trawl in the area 28”49-50’ N, 94”46+7’ W, are given in Table III, While 
the muscle tissue contained I.5 ppm of n-alkanes, these were apparently of bicgenic 
origin. It seems likely, however, that the C&Z,, n-alkanes (9.9 ppm) in the liver 
were petroleum-derived. 

The predominant organism attached to the production platforms and the well 
jackets is the large barnacle, Baiantcs tintinnabuhm. Pristane comprises more than 
60 % of the alkanes in the flesh of a specimen coliected from platform A, at the water 
surfase, on September 25, 1976. It is possible that the C,,C;, n-alkanes (64 ppb) in 
this specimen are petroleum-derived. Such compounds were found in barnacle flesh 
of other specimens collected at the surface on this date but were absent from surface 
specimens collected on January 21, 1977, and were not encountered in submerged 
barnacles at any time. 

Several bulk zooplankton samples were analyzed. The data in Table IV are for 
a sample collected on December 3, 1976, in the area 28”53-54’ N, 94O47-48’ W. A 
neuston net was employed to obtain piankton fro.m near the air-sea interface, since 

TABLE IV 

ANALYTICAL DATA (ppb) FOR ALKANES IN BARNACLE, PLANKTON, AND SEDIMENT 
SAMPLES 

CoInponent B. tintinnabulum Piankton Sediment I Sediment II 

n-C,zHls 17 3 
n-Cl,Hza 24 3 5 
,r-C,oHw, 30 2.0 3 2.5 
n-&Ha2 II0 20.0 15 6 
n-C&-h 26 7.5 15 4 
n-CIIHs 35.0 30 10 
n-CmHw, 14 10.0 21 6 
n-C,9Hs0 13 7.5 9 4 
=CzoHaz 8 2.0 3 
n-C&u 57 2.0 63 14 
n-CzzHu 7 5.0 3 8 
i-C,H,s 10 5.0 9 20 
n-CJ-i~ 10 7.5 21 62 
n-CsHs2 12 7.5 60 174 
n-CzsHs 7 7.5 72 268 
n-G,Hss 7 5.0 102 334 
n-CzsHs 7 5.0 1;: 310 
fl-CZ9H66 3 2.0 300 
n-&H62 1 2.0 48 200 
n-%Hw 7 2.0 87 174 
n-C&66 3 2.0 30 90 
n-Cd%, 7 2.0 51 74 
n-CwHm 2.0 6 24 
n-CuH,r 15 14 
n-Cd-h 6 
Pristane 680 102.0 52 14 
Phytane 30 5.0 

Total 1090 247.5 913 2123.5 
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these were most likely to be contaminated. Again, pristane was the major alkane, and 
there is a possibility that the C&C&, n-alkanes (58.5 ppb) are petroleum-derived. It 
is not known whether such alkanes are contained only in specific species or whether 
they are from residual seawater. 

Sediment samples 

Not surprisingly, a variety of alkane distributions was found in the sediment 
samples. Two representative profiles are given in Table IV_ Sediment I, from a core 
sample collected on June 10, 1976, at a site 3,000 m ESE of platform A (28Y2.9 N, 
94YO.O W), contains alkanes in the C,z-C&, region with a relatively high OEP ratio, 
indicative of a biogenic origin. Sediment II, collected two days later at a Iocation 
2,000 m W of pIatform A (28O53.4’ N, 94O42.9’ W) contains similar alkanes with no 
discernible odd-even preference. By anaIo,T with the data for the shrimp samples, it 
seems likely that the alkanes in sediment II are petroleum-derived. 
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