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Of the many sources of hyd roca rbon  pol lut ion in the 
oceans, the ca tas t roph ic  inpu ts  ( e . g . ,  o i l - t anke r  wrecks  and o f f -  
shore well b lowouts)  of ten receive the most a t ten t ion ,  mainly due 
to the spectacu lar  na ture  of the oil spi l ls associated wi th these 
episodic events .  A l though such catas t roph ic  inputs  have 
received a g rea t  deal of s tudy ,  they  make re la t i ve ly  small con- 
t r i b u t i o n s  to the total amount of hyd rocarbons  en te r ing  the ocean 
each year  (CLARKE and MACLEOD 1974). The more cont inuous 
inpu ts ,  such as those associated wi th normal t ranspo r ta t i on  re-  
leases and o f fshore  oil p roduc t ion ,  make the most s ign i f i can t  
con t r ibu t ion  to the total petro leum hydrocarbon  bu rden  en te r ing  
the ocean. Also, these cont inuous inpu ts  p robab ly  have the 
g rea tes t  long term,  sublethal  e f fects  on marine organisms.  One 
of the more impor tant  cont inuous hyd roca rbon  sources in the 
no r the rn  Gulf  of Mexico is via d ischarge of p roduc t ion  b r ine  
associated wi th  o f fshore  oil p roduc t ion .  Dur ing  1975, almost 
one-e igh th  of t h e  wor ld 's  o f fshore  oil p roduc t ion  occur red  in the 
Gulf  of Mexico, wi th an average d ischarge of 0.6 bar re ls  of f o r -  
mation waters ( b r i n e )  per  barre l  of oil (U .S .  DEPARTMENT OF 
INTERIOR 1976). There  are p resen t l y  over  3500 o f fshore  p rod -  
uct ion plat forms on the Louisiana and Texas cont inenta l  shel f  
alone (U .S .  DEPARTMENT OF INTERIOR 1980) d ischarg ing  more 
than 350,000 bar re ls  of b r ine  dai ly  into the ou te r  cont inenta l  
shel f  waters (U .S .  GEOLOGICAL SURVEY 1981, personal commu- 
n ica t ion) .  Land-based r igs opera t ing  wi th in  a few miles of the 
coast d ischarge an addit ional  325,000 barre ls  of formation waters 
( b r i n e )  dai ly  into the ou te r  cont inenta l  shel f  waters .  The d is-  
charged br ines usual ly  have h igh concent ra t ions  of petro leum 
hyd roca rbons ,  especial ly  volat i le l iquid hyd rocarbons .  

Volat i le l iquid hyd roca rbons  ( V L H )  in the C 6 to C14 range,  
are p re fe ren t i a l l y  par t i t ioned from the produced oil into the d is-  
charge b r ine ,  due to t he i r  h igh solubi l i t ies in seawater re la t ive  
to the h igher  molecular we igh t  hyd rocarbons .  Thus  VLH's are 
found in much h igher  concent ra t ions  in the d ischarged p roduc -  
t ion b r ine  than are the h igher  molecular we igh t  hyd roca rbons .  
Volat i le l iquid hyd roca rbons  are impor tant  env i ronmenta l l y ,  since 
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these compounds inc lude the l igh t  aromatics (benzene th rough  
naphtha lene)  which are the most immediately tox ic  components of 
petroleum (BAKER 1970; BLUMER 1971). Realizing the impor- 
tance of examining possible VLH impacts from product ion  br ine  
d ischarges ,  the National Marine Fisher ies Serv ice added VLH 
measurements to the f ou r th  year  of t he i r  env i ronmenta l  s tudy  of 
an act ive gas and oil f ie ld in the Gul f  of Mexico ( the  Buccaneer 
f i e ld ) .  The d ischarge of h igh molecular we igh t  alkanes from the 
Buccaneer f ie ld has been descr ibed p rev ious l y  (MIDDLEDITCH et 
al. 1978). Th is  repor t  descr ibes the d ischarge and subsequent  
d i lu t ion of the volat i le l iquid hydrocarbons  inpu t  into the sur face 
seawater of the Buccaneer f ie ld .  

METHODS 

The Buccaneer Gas and Oil Field is located 50 km southwest  
of Galveston, Texas,  in water  about 21 m deep. The f ie ld has 
been in product ion  for  about 20 years .  The two product ion  p la t -  
forms operated by Shell Oil Company in the Buccaneer f ie ld are 
separated by about 3 km and are located at 28~ 94 ~ 
41.7'W (Plat form 288-A) and 28~ 94 ~ 41.8'W (Plat form 
296-B) .  Product ion br ine  is d ischarged on ly  from plat form 296-B. 
Samples of d ischarge br ine  from plat form 296-B were col lected 
d i r ec t l y  in t w o - l i t e r  bott les wi th g round  glass s toppered tops.  
The glass sample bott les were combusted at 550~ p r i o r  to use. 
To examine the d i s t r i bu t i on  pa t te rns  of VLH in the water  col- 
umn, sur face water  samples were taken d i r ec t l y  below the 
d ischarge pipe and in a g r id  around plat form 296-B, from which 
b r ine  is d ischarged.  A comparison, control  g r id  was sampled 
around plat form 288-A, where no b r ine  is d ischarged.  The gr id  
s tudy  around plat form 296-B was per formed d u r i n g  two seasons. 
Samples of sur face seawater were taken at stat ions 25 and 50 
meters from plat form 296-B and 10 meters from the control  p la t -  
form (288-A) .  Samples were taken from the bow of a small boat 
by lower ing a two - l i t e r  bot t le (c losed)  below the sur face at arms 
length and opening the bot t le  and closing i t  a f te r  f i l l i ng  at tha t  
dep th .  A total of 45 samples were col lected.  Samples were 
stored in the sample bott les at 4~ and re tu rned  to the labor-  
a to ry  fo r  analysis.  

To p reven t  possible contaminat ion du r i ng  sample t r a n s f e r ,  
the volat i le l iquid hydrocarbon  samples were processed in the 
same bott les used fo r  sampling. Our  analysis techn ique was a 
modif icat ion of the dynamic headspace s t r i pp ing  techn ique of 
SAUER (1980). B r i e f l y ,  the volat i le organics were s t r i pped  from 
a heated (70~  s t i r red  seawater sample by pu rg ing  wi th pure  
helium for  90 min. Volat i le organics were t rapped  on a 0.5 cm 
I .D.  x 15 cm column of solid po lypheny l  e ther  absorbent  
( T e n a x - G C )  which has exce l len t  re tent ion charac ter is t i cs  for  
VLH,  retains v e r y  l i t t le  water  and exh ib i t s  neg l ig ib le  column 
bleed at temperatures  under  300~ (BUTLER and BURKE 1976). 
The t rapped  volat i les were subsequen t l y  desorbed by heat ing to 
250~ consol idated on a l iquid n i t rogen t r ap ,  and t rans fe r red  
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by heat ing (100~ to a gas chromatograph ic  column fo r  analy-  
sis. Gas chromatography  was per formed using a 305 cm x 0.3 
cm I .D .  stainless steel column packed wi th 10& SP-2100 on 80/100 
Supe lcopor t .  The column was tempera tu re  programmed at 50~ 
fo r  10 rain, from 50 to 180~ at 4~  and at 180~ fo r  20 
min. Br ine  samples were analyzed using a Hewle t t -Packard  7675 
pu rge  and t rap  system. Samples of the produced oil were ana- 
lyzed using the same gas chromatograhic  condi t ions,  bu t  the oil 
was in jected d i r ec t l y  onto the chromatograph ic  column via an in-  
jec to r  por t  heated to 250~ 

RESULTS AND DISCUSSION 

Figure 1 shows rep resen ta t i ve  gas chromatograms of volat i le  
l iquid hydrocarbons  (VLH)  in Buccaneer  f ie ld produced oil and 
b r ine .  A l though  all VLH's  were o r ig ina l l y  pa r t  of the oi l ,  these 
hydrocarbons  are found in h igh concent ra t ions in the b r ine ,  
since it  is in contact  wi th petroleum both in the rese rvo i r  and as 
i t  r ises in the well stem. Since C1-C14 hyd roca rbons ,  and pa r t -  
i cu la r l y  the l igh t  aromatics, are the most soluble components of 
petro leum, they  are found in v e r y  much la rger  concent ra t ions in 
the b r ine  than are the heav ier  hyd roca rbons .  For example, 
benzene is at least 5 or  6 o rders  of magni tude more soluble in 
b r ine  than the heavy hydrocarbon  octadecane (C18) .  The gas 
chromatograms re f lec t  these so lub i l i t y  d i f fe rences .  

VLH concent ra t ions  measured in two oil and b r ine  samples 
are g iven in Table 1. A total of fou r  oil and b r ine  samples from 
d i f f e r e n t  days were analyzed.  VLH in oil are dominated by 
n-a lkanes.  Relat ive to the h igh concent ra t ion of n -a lkanes,  few 
l ight  aromatic compounds are p resen t  in the oil. The n-a lkanes 
comprised 30 to 40& of the VLH f rac t ion  in oi l ,  whi le the aro-  
matics comprised only  a few percen t .  The percentages of alkanes 
and aromatic compounds in oils resu l ts  from se lec t i v i t y  d u r i n g  
the maturat ion process which produces petroleum (see, f o r  
example, HUNT 1979). The percentage d i s t r i bu t i ons  tha t  we 
observed are not unusual fo r  Gulf  of Mexico oi ls. The data in 
Table 1 indicate tha t  the re  are large var ia t ions ,  both dai ly  and 
seasonal ly,  in the concent ra t ion of all components in both b r ine  
and oil.  Th is  is p robab ly  due to the fact  tha t  t h i r t een  d i f f e r e n t  
wells d ischarge b r ine  at p lat form 296-B and all the wells are not 
p roduc ing  at the same time. Averaged data from our  f ou r  
samples will be used to assess i n p u t s .  

The data in F igure 1 and Table 1 show tha t  one - r i ng  aro-  
matics ( e . g . ,  benzene,  to luene,  e thy lbenzene,  xy lenes )  are the 
major components in the d ischarge br ine .  Benzene,  the  most so- 
luble VLH,  comprised from 40 to 50-~ of the volat i le  hydrocarbons  
in the  b r ine .  To luene concent ra t ions  were about  hal f  the ben-  
zene va lues,  wi th  decreasing amounts of the h ighe r  molecular 
we igh t ,  one - r i ng  aromatics. The one - r i ng  aromatics comprised 
70 to 90& of the VLH in the b r ine  whi le n-a lkanes comprised only  
4 to 16&. A l though  the concent ra t ions of total VLH in the b r ine  
var ied  cons iderab ly ,  one - r i ng  aromatics were always the major 
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Figure 1. Representative gas chromatograms (flame ion- 
ization detector) of volatile liquid hydrocar-  
bons extracted from Buccaneer field oil and 
produced brine (see text  for detai)s of chro- 
matographic procedures).  
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TABLE 1 

Volatile liquid hydrocarbons in Buccaneer field oil and discharge 
brine. 

Oil (IJg/g) Brine (tJg/L) 
Compound 5 Jan 80 8 Apr 80 21 Aug 79 8 Jan 80 

n-Pentane 

n-Hexane 

n-Heptane 

n-Octane 

n-Nonane 

n-Decane 

n-Undecane 

n-Dodecane 

n-Tridecane 

n-Tetradecane 

Benzene 

Methylcyclohexane 

Toluene 

Ethylbenzene 

m, p-Xylene 

o-Xylene 

580 

1 700 

3 900 

3 700 

10 000 

17 000 

20 000 

22,000 

26,000 

36,000 

2,200 

6,800 

2,700 

3,500 

7,200 

7,060 

4 6OO 

6 100 

10 000 

14 000 

16 000 

18 000 

19 000 

17 000 

19 000 

25 000 

6 000 

15 000 

6 800 

5 500 

12 000 

11,000 

20 30 

21 39 

19 130 

16 200 

39 400 

18 880 

35 1,000 

77 1,050 

180 1,410 

6,200 17,700 

62 340 

2,600 8,500 

220 1,100 

500 1,900 

480 1,800 

Total n-Cs-C14 140,000 150,000 420 5,100 

Total Aromatic 23,000 41,000 10,000 31,000 

Total VLH 420,000 490,000 11,300 44,400 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

% n-Cs-C14 33.3 30.6 3.7 16.4 

Aromatics 5.5 8.4 88.5 70.0 

component. The 8 January 1980 brine sample had the highest 
VLH concentrations and lowest aromatic percentage of the four 
samples we analyzed, probably due to dispersed oil in the 
sample. The average aromatic VLH concentration in the brine us- 
ing our four samples was 16,600 tJg/L. Assuming a mean rate of 
discharge of brine at 95,400 L/day (MIDDLEDITCH et al. 1978), 
the mean rate of discharge of VLH aromatic compounds is 1580 
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g / d a y .  Th is  compares to a d ischarge of 191 g / d a y  fo r  h igh -  
mo lecu lar -we igh t  n-a lkanes (MIDDLEDITCH et al. 1978). 

Since the volatile liquid hydrocarbon fraction contains the 
most immediately toxic components of petroleum, the light aro- 
matic compounds, the high toxicity of VLH could have special 
importance for marine organisms and might have contributed to 
the reduced biomass observed on the brine discharge leg 
(GALLOWAY 1980). The effect that a 1580 g/day input of VLH 
with the brine will have depends on the dispersion of the VLH 
after input; thus we measured the VLH's in the surface waters 
around both platforms. In order to effectively compare the grid 
stations without the complicating effects of directional advective 
transport, the grid study data was averaged by distance from 
the platform. The average concentrations of VLH components 
are presented in Table 2. As expected, the highest concentra- 
tions of total VLH in the surface waters (65,000 ng/L) were 
found below the discharge pipe at platform 296-B. This level 
was about 20 times the highest value reported at 25 m from the 
discharge and about 35 times the average concentration for the 
grid area. There was a rapid dilution of total VLH within 25 m 
of the discharge and the average concentrations remained essent- 
ially constant throughout the ~ 16,000 m 2 grid area around the 
platform discharging brine. The VLH concentrations around the 
platform with no discharge (288-A) are a factor of four lower 
than around the discharging platform. Data from SAUER (1980) 
representing relatively clean (Caribbean Sea) and polluted 
(Mississippi River mouth) areas are shown for comparison. 

Table 2 also contains a breakdown of total VLH into 
n-a lkanes,  cycloalkanes and aromatic compounds. The concen- 
t ra t ions  of the total benzene,  to luene,  e thy lbenzene,  and m-, 
p - ,  and o -x l y lenes  ( B T •  f rac t ion  are also g iven along wi th 
percentages of VLH tha t  were aromatics and BT•  compounds. 
The n-a lkanes and cycloalkanes make up on ly  a small f rac t ion  of 
the total VLH.  Between 81 and 88% of total VLH's in the gr id  
area were aromatics. BTX 's  alone comprised 45 to 59% of the 
VLH around the two plat forms.  In the inpu t  b r ine  (Tab le  1),  
the aromatics made up 70 to 88% of the VLH wi th the BT •  com- 
pounds account ing fo r  v i r t u a l l y  all of the aromatics. 

These data indicate tha t  the VLH inpu t  is rap id ly  d i lu ted in 
the area of the p la t form,  and tha t  the aromatic compounds are 
not p re fe ren t i a l l y  lost to the atmosphere re la t ive  to the alkanes. 
The VLH levels a round  plat form 296-B are g rea te r  than the 1 
u g / L  that  could be harmful  to marine organisms (SAUER 1980). 
The levels 3 km away, around plat form 288-A, are half  of tha t  
va lue,  bu t  st i l l  h igher  than values fo r  pol luted waters g iven by 
SAUER (1980). The ini t ia l  resu l ts  of the Buccaneer Oil and Gas 
Field s tudy  (JACKSON and WILKENS 1980) indicate few i f  any 
negat ive impacts of the d ischarge of VLH in th is  area. If our  
sur face water  values are rep resen ta t i ve  of the en t i re  water  col- 
umn, the concent ra t ion of VLH requ i red  to adverse ly  impact 
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TABLE 2 

Average concentrations of VLH (ng /L )  in the surface waters 
around the two platforms studied in the Buccaneer field. Brine 
is discharged only from platform 296-B. 

Total 
Cyclo- Aromatics Aromatics 

Location n-alkanes alkanes (BTX)  1 VLH (& BTX) 

Below 296-B 
Discharge 6060 1620 57200(46100) 64900 88(71) 

25m from 
296-B 298 25.5 1520(825) 1840 82(45) 

50m from 
296-B 372 15.7 1640(1190) 2020 81(59) 

10m from 
288-A 51.6 13.3 474(320) 539 88(59) 

Caribbean Sea z nd s nd 3 18.6(18.6) 18.6 100(100) 

Miss. River z 
mouth 23.1 85.3 290(271 ) 397 74(69) 

1BTX = the sum of benzene, toluene, ethylbenzene, m-, p- ,  and 
o-xylene. 

2Data from SAUER (1980) for comparison. 
Snd = none detected. 

marine organisms over a long period (>20 years) may be greater 
than the levels that we observed. Further studies of VLH in 
the complete water column around a production platform would be 
valuable. 

CONCLUSIONS 

We have characterized the volatile liquid hydrocarbons in 
the oil, discharge brine and surface receiving waters from an oil 
and gas production platform discharging brine into the Gulf of 
Mexico. The mean VLH concentrations were 450,000 pg/g (oi l ) ,  
21,600 pg/L (br ine)  and 1900 ng/L (surface waters). Light aro- 
matic compounds comprised over 80~ of VLH in the brine and 
surface waters, with benzene, toluene, ethylbenzene, m-, p- ,  
and o-xylene being the predominant compounds. VLH concentra- 
tions around a control platform 3 km distant were four times low- 
er, indicating rapid di lut ion. The 2 tJg/L concentration of VLH 
around platform 296-B is twice the concentration that SAUER 
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(1980) suggested could be detr imental  to the life processes of 
many marine organisms.  If  th is  value is rep resen ta t i ve  of the 
complete water  column and cons ider ing the fact  tha t  the Bucca- 
neer f ie ld has been d ischarg ing  b r ine  at th is  location fo r  over  
twen ty  years ,  wi th no obvious harm to the biota, the lower l imit 
for  VLH to cause detr imenta l  long term ef fects on marine 
organisms may have to be reeva luated.  
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