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VOLATILE CONSTITUENTS OF THE PRODUCED W_4TER EFFLUENT 
FROM THE BUCCANEER GAS AND OIL FIELD* 

BRIAN S. MIDDLEDITCH 
Deparfment of Biockmical and Biophysical Sciences, University of Houston. Houston, TX 77001 ( U_S__~.) 

SLJWMARY 

The volatile constituents of the etnuent are concentrated on Tenax-GC using 
an automated purge-and-trap device and are then examined by combined gas chro- 
mato_Faphy-mass spectrometry- Some 200 compounds are resolved using a bonded- 
phase fused-silica column, and they are characterized with the aid of several data 
manipulation techniques. While the n-alkanes are the individual compounds found in 
highest concentration, the alkylaromatic hydrocarbons comprise a significant pro- 
portion of the total hydrocarbons. 

---.----- 

INi-RODUCKTON 

Between 1975 and 1980, the Bucanneer Gas and Oil Field, located in the 
nortwestem Gulf of lMexico (SO km south of Galveston, Texas), was studied exten- 
sively by 23 research groups working under the aegis of the National iMarine Fisheries 
Service and the Environmental Protection Agency (EPA)‘. Two components of this 
study focused on the hydrocarbon constituents of the efhuents and their distribution 
in the environment_ Brooks et al.’ examined “ gaseous’. (C,-C,) and “volatile liquid“ 
(C,C,,) hydrocarbons, while Middleditch and co-workersfl’ concentrated on the 
“high-molecular-weight~y (C,, c ) hydrocarbons_ The latter group also performed 
some analyses of the volatile liquid hydrocarbons”. 

Although it had earlier been demonstrated that detailed analyses for volatile 
liquid hydrocarbons could be performed in the research laboratory by preconcen- 
tration on Tenax-GC followed by gas chromatography-mass spectrometry (GC-MS) 
with glass or metal capillary co1umns”, these procedures were time-consuming and 
impractical for the routine analysis of large numbers of samples. Aticordingly, Brooks 
et al. employed the gas chromatographic procedure described by Sauer et ai.13. They 
reported only eighteen C6-CIc hydrocarbons in e&tents and 30 in seawate?_ Mid- 
dleditch and co-workers used the GC-MS procedure mandated by the EPA for 
organic priority poJ.lutantsl”, and characterized 31 volatile constituents of effluents”. 

- with the expectation that improve+ analytical techniques might subsequently 
he develop& representative samples from- the Buccaner tield were archived by the 
various investigators. We have used some of these samples to develop a procedure for 
the e_xamination of some Xl0 volatile liqnid hydrocarbons in efihents. 

* Dedicated to Professor E C. Horning on ihe &ion of his 65th birthday. 
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The effluent discharged from the production platforms in the Buccaneer field 
consists of small droplets of oil suspended in brine. Thus, the hydrocarbon com- 
position of the effluent is very similar to that of the light oil which bloats to the surface 
in the separator tanks which comprise the final stage of efnuent treatment prior to 
discharge_ Samples of separator tank oil were collected from production platform 
296-B in the Buccaneer field on January 14, 1979. 

The gas chromatoaph-mass spectrometer employed for these analyses was a 
modified Finnigan 1020;OWA instrument. Preconcentration of the volatile hydro- 
carbons was performed using a Hewlett-Packard 7675A automated purge-and-trap 
device_ The emuen: tube from this device was connected in place of the carrier gas line 
10 the sample splitter of the gas chromatograph. The gas chromatograph was equipped 
v<ith a 30 m x 0.32 mm I-D_ DB-5 bonded-phase fused-silica capillary column 
(J& \V Scientific). The outlet of this column was connected directly into the ion source 
of the mass spectrc_mc;er_ 

A I-p1 volume of the separator tank oil was added to 5 ml of prepurged water 
in a 15ml centrifuge tube attached to the purge-and-trap device. The sample was 
purged with helium for 5 min. and the volatiles collected in the trap containing 
Tenax-GC. The trap was heated to ZOO’C for a further 5 min to desorb the volatiles into 
the gas chromatograph. During the desorption stage, three 3-cm diameter coils of the 
column (close to the inlet end) were immelmed in liquid nitrogen in a polystyrene cup. 
#hen the desorption was complete, the liquid nitrogen was removed and the GC-MS 
analysis was initiated_ The column was programmed from 0 to XO’C at SC/mm. 
Spectra were scanned from m/z 40 to 500 every 0.5 set, and were stored on a magnetic 
disc_ 

RESULTS XSD DISCtiSSIOS 

When an automated purge-and-trap device is used with a packed gas chroma- 
tographic column, the sample would normally be desorbed onto the column at room 
temperature. This is impractical with capillary columns, where it is essential that the 
sampIe be introduced to the column in a sharp *‘plug” to preserve the resolution. 
Since the fused-silica columns are fie_xible, it was quite convenient to immerse three 
tighss coils of the column in liquid nitrogen during the desorption step. It is possible 
that the capacity of a small number of coils might be inadequate to contain a large 
sampIe, so that break-through and “ghosting” might occur, but we have not en- 
countered this problem. However, this phenomenon was occasionally a problem 
when_ during earlier experiments, we concentrated the sample by freezing a loop of 
the transfer line between the purge-and-trap device and the gas chromatograpb 

Tenax-GC is hydrophobic so that, theoretically, hydrocarbons and related 
compounds are collected in the trap while water vapor passes through it during the 
purge-cycle. In practice, however, a small amount of water is usually retained in the 
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trap and is subsequently desorbed into the column along with the volatiles. Repeated 
use of a purge-and-trap device with columns containing water-sensitive stationary 
phases (such as silicones) leads to their degradation. This is a particular problem with 
capillary columns coated with silicone stationary phases. Accordingly, the procedure 
mandated by the EP.4 for the analysis of volatile organic priority pollutants employs 
a packed column containing Carbopack coated with Carbowax. 

We have found that a bonded-phase fused-silica column can be used repeatedly 
with an automated purge-and-trap devide without loss of gas chromatographic reso- 
lution_ F ~gs. l-4 show a reconstructed ion chromatogram for an analysis of separator 
tank oil. The column employed for this analysis had been in almost constant use for 4 
months, yet the resolution obtained was still quite adequate_ 

The high resolution attainable with the bonded-phase fused-silica column dic- 
tates that the repetitive mass spectra scans be very fast. With I-set scans, it was not 
possible to reconstruct chromatograms with any degree of fidelity. Even with 0.5 
scans, we were usually only able to acquire three to four scans per component. 

Not all of the components of the sample were fully resolved, but the Finnigan 
data system provided assistance in the characterization of partially resolved pairs of 
compounds_ 

One method for detecting partially resolved components relics upon the use of 
the Biller-Biemann algorithm”. This procedure indicates scan numbers at which 
four or more WI/Z values achieve maximum intensity. This technique is illustrated in 
Figs. 5-7 for benzene and cyclohexane. The reconstructed ion chromatogram (Fig. 1) 
contained a peak which maximized at scan 382. The Biller-Bieman algorithm in- 
dicated that this peak contained two components; ma,ximizing at scans 381 and 384, 
respectively_ These two spectra are reproduced as Figs. 5 and 6. The spectrum in Fig. 
5 is that of cyclohexane, with a molecular ion of m/z 84 and prominent ions of m/z 41, 
56, and 69. Fig. 6 gives the spectrum of benzene, with a molecular ion and base peak 
of m/z 78. Even though these compounds are not resolved, their spectra are re- 
markably “clean”. There is only a small peak of m/z 78 in Fi,o. 5 and, conversely, only 
a small peak of ~rz/? 84 in Fig. 6. The Finnigan “spectral enhancement” routine 
removes these contaminating ions completely_ Fig. 7 shows a portion of the re- 
constructed ion chromatogram along with mass chromatograms for r?z/z 75 and 84, to 
illustrate further the degree of resolution between these compounds_ 

The Biller-Biemann algorithm fails to detect compounds with fewer than four 
intense ions in their spectra. In such cases reconstructed mass chromatograms can be 
examined in a search for additional compounds_ For example, the algorithm revealed 
the presence of 2-methylnaphthalene at scan 2810, but gave no indication of the 
presence of I-methylnaphthalene. The two most intense ions in the spectra of the 
merhylnaphthalenes are the molecular ion and the [M - 11’ ion. at ~n/z 142 and 141, 
respectively. Appropriate mass chromatograms showed that these two ions maxi- 
mized at scan 2865, and an enhanced spectrum matched with that of l-methyl- 
naphthalene. This compound coeluted with rz-tridecane (scan 2869). 

Other pairs of umcsolved compounds defy deconvo!ution. In-Xylene and p- 
xylene coelute at scan 1195 and have very similar spectra. It is impossible to de- 
termine the relative concentrations of these compounds from the data obtained in this 
analysis. Such analyses will have to await the development of more polar bonded- 
phase fused-silica cohunns. 
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TABLE I 

VOLATILE CONSTITUENTS OF OIL FROM SEPARATOR TANK 

Scan Formula Identity Scan Formula Zdmtit_v 

65 CO, 

74 Vh, 
79 w-b 

103 C,H,, 
119 C,H,, 

148 Q-L 
185 C,H,, 
193 C,H,, 
214 C,H,l 
248 &.H,, 
292 C,H,, 
300 C,H12 
308 C7H16 
315 C,H,, 

365 GH,, 
351 C,H,, 
3S4 C,H, 
411 C-J-&, 
418 C,H*, 
435 C,H,, 
351 C,H,, 
459 C,H,, 

~ C,Hw 
520 C,H16 
577 GH,, 
587 GHls 
619 C,H,, 
626 &Hls 
631 QH,, 
646 GHvs 
649 GH,, 
6’74 GH16 
682 C,H,, 
692 C,H,, 
725 C,H,, 
733 C,H,* 
745 GH, 
765 C,H,, 
789 CsH16 
795 C,H,, 
SIS C,H,, 
835 C,H,, 
S50 C,H,, 
S65 GH,, 
892 C,H,, 

901 ‘EiH,6 

918 GH,, 
950 w-b, 
965 C,H,, 

Culpn dioxide 
2-Methylpropane 
n-Butane 
ZMethylluutaue 
sPentane 
2,,tDim%hylbutane 
2,IDimethylbutattc 
ZMethylpentane 
3-Methylpentane 
rr-Hexane 
2_,ZJ%nethylpentane 
Methylcyclopent 
2.4-Dimethylpentaae 
Alkane 
3,3-Dimethylpcntaue 
Cyclohesane 
Benzene 
2-Methylhmane 
l,l-Dimethylcyclopentane 
3-Methylhexane 
? 
? 
cis-1.2-Dimethylc~clopentane 
n-Heptane 
Methylcyclohexane 
Alkaue 
Ethylcyclopentaue 
AIkaue 
2+Dimethylhexane 
1.2.4-Trimethylcyclopentane 
AlkaZe 
? 
AIkane 
Alkane 
? 
2.3-Dimethylhexzne 
Toluene 
2-Methylheptane 
Dimethyiq~lohexane 
Alkane 
c&13-Dimcthylcyclohe?rane 
Ethylmetbylcyclopent 
40cteue 
trans-1,2-DimethylcycIohexane 
? 
Dimethylcyclohexaue 
II-Octane 
? 

975 C,H,, 
9SS C3Hr0 

fooZ c&I,, 
1008 CSH,, 
1028 C,H,, 
1039 qHI,j 
1045 C,H,, 
1068 C,H,, 
1081 C,H,, 
1109 CgH,, 
1123 C,H,, 
1157 C,H,, 
1170 C,H,, 
1181 GH2, 
1196 C,H,, 
1203 C,H=, 
1229 C,HI, 
1238 C,,H2, 
1271 C,HI, 
1277 C,H2, 
1292 C,H,, 
1319 C,H,, 
1339 C,,Hz2 
1363 C,H,, 
1397 C,H,, 
14005 C,H,* 
1427 &Hz2 
1431 CgH,, 
1452 C,H,* 
1457 C,,Hz2 
1476 C,,HzL 
1495 C,,Hzz 
1520 C,,HIZ 
1549 C,oH21 
1553 C,H,I 
1578 C,,Hz2 
1590 C,H,? 
1613 &Hz2 
1616 C,H,, 
1624 C,0Hz2 
1633 C,,H,, 
1649 C10H21 
1658 C,H,, 
1676 C,,H,, 
1686 C,,H,, 
1716 CgH,, 
1724 C1OH2O 
1771 C*J&, 
1776 C,oH,2 

? 
Alkane 

cis-1,2-DimethylcycIohcxane 
2,4_Dtiethylheptaue 
EthyicycIohexane 
2&-Dimethylheptaae 
1,1,3-TtimethyIcyciohexane 
3,5-Dimethylheptaue 
Alkane 
TrirnethyIcycIohexane 
TrimethyIcycIohexaue 
Ethylbenzene 
? 

Alkaue 
tn- f p-Xy!ene 
2-Methyloctane . 
3-Methyloctane 
? 
I-Ethyl4methylcyclohexane 
Ethylmethylcyclohe_xane 
o-Xylene 
? 
Diethylmethylcyclohexane 
n-Nonane 
? 
IsopropylcycIohexane 
Alkaue 
Ethyhnethyibenzene 
n-Propylcyclohexane 
Alkane 
Alkme 
Alkane 
AIkane 
Ailcane 
n-ProPylbsuzene 
Alkane 
Ethylmethylbenzene 
Alkanc 
I .2+Trimethylbenzene 
2-Methytnonane 
Alkane 
3-Methyhonane 
E*&ylmethylbmzena 
Methylpropylcyclohexaue 
? 
Trimethylbemzene 
Methylpsopylcyclobexane 
Butylbenzzne 
n-Decane 

(Continued on p. I701 

Alkane 
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TABLE 1 (continued) 

Sum FormxIa Identit> Scan Formula Idenrizy 

1756 C,,,H1, 
1828 GH12 
1536 C&H,, 
IS= &H,, 
185S C,,Hz, 
1871 C,,H,, 
!S97 C,,HIa 
1900 C,,H,, 
1915 C,,HI, 
1930 C,,H,s 
1%7 CI,H,, 
193 &HI, 
1375 C,,H:,, 
19% C:,Hza 
~IOO C,,H,, 
1001 C,,H,, 
2513 C,,HI, 
2022 C,,H,, 
103:s C, 1H3-L 
2X-J C,,H,, 
2050 C,,H,, 
2073 C,,HzZ 
20S-l C,,H,, 
209-Z C,,H,, 
2103 C,,H,, 
2115 C,,H, 
2136 C,,H,, 
21-S C,,H,L 
2158 C,,HI, 
2163 &Hz0 
2168 C,,HZ6 
2186 C,,H,, 
2194 C,,H,, 
2200 C,,Hza 
2213 C,,H,, 
3176 C,2H2, 
77,-O C,,H,, 
2258 C,,H- 12 
2262 C,,HxB 
7768 C,,H,, 
215 C,,H,, 
22% C,,H,6 
22‘23 C12Hz6 
2314 C,,H,, 
23:X) C,,H,, 
2345 C,,H,* 
23% C12HZL 
2372 C,,H,, 
2389 &H, 
Z-107 f&H,, 
24E 1 C12H16 
2420 C,,Hs 
2-N C,2H,, 

Methylpropylb 
EthyImethyibenzene 
Methyliipropylbenzee 
_Methylisopropylbcn 
Alkane 
Butykyclohesane 
Butylknzene 
Alkane 
Alkane 
Decalin? 
MethyIpropylbx.zene 
Butyibenzene 
Ethyldimethylben 
Alkane 
Akme 
Methyipropylbenzene 
2-Methyldeane 
Aikane 
3-Methyldecane 
Methyipropylbenzene 
Methylpropylbenzene 
.Methylpropylbenzene 
hfethylpropyibenzene 
Methylpropylbenzene 
? 
Pcntyicycichexane 
fsobutyltoluene 
Ethyidimethylbenzene 
n-Undecane 
? 
A&ine 
Diethylbenzexte 
Dimethylpropylbenzene 
Methylpropylbenzene 
Methyldecalin 
fvkane 
AlJLane 
Pentylcydohexane 
Ethylpropylbenzene 
Dimethylpropyibenzene 
Alkane 
EthyIpropylbenzene 
AIkane 
Tetramethylbenzene 
Isobutyltoluene 
7 

Alkane 
Alkane 
2-Methvltmd5zane 
Dimeth~!butyllxnzene 
3-Methylundecane 
Naphthalenc 
Dimethyibutyibenzene 

2462 C,,Hzs 
2472 C,,H,, 
2490 C12Hz4 
2500 CtIH2,, 
2528 C,2H,, 
2542 C,2H,, 
2557 &HzS 
7371 CtxH2, 
2382 &Hz, 
2588 C,,H,, 
2595 C,,H,, 
2605 C,zH,, 
2616 ‘&Hz, 
2611 C,2HZr 
2655 &Hz8 
2663 C,,H,, 
2678 C,,H,, 
1655 C13H2B 
2701 &Hz8 
2708 C,,Hzs 
2710 C,,H,, 
2715 C,,H,, 
2723 &Hz8 
2740 &Hz8 
2762 C,>H,, 
2775 &Hz, 
2751 C,,H,, 
2791 C,,H,, 
2810 C,,H,, 
2815 C,,HZa 
2848 C,sH2, 
2865 C,,Ht, 
2569 Cz3HzB 
2599 C,,H,, 
2919 C,,Hs, 
2961 C,,HI, 
2957 &HI, 
30s C,,H,, 
3032 C,,H,, 
3047 C,,H,, 
m C,,Hs, 
3084 &Ha,-, 
3105 C,,H,, 
3163 CIzHt2 
3152 C,,H,, 
3210 C,,H,2 
3221 C,2H,, 
3228 &H, 
3Hl9 C,&, 
3340 CxsHx, 
3364 C,,H,2 
3477 C,,Hs2 
3761 C,,H, 

Alkane 
Tt-imethylpropylbenzene 
Methylpentylcyclohurane 
? 

n-Dodecane 
? 
Alkatte 
Alkane 
Alkane 
Dimethylbutylbenzene 
Alkane 
Dipropyl‘benzene 
Alkane 
Hexylcyclohexane 
Alkane 
Alkane 
Butylethylbenzene 
Alkane 
Alkzne 
Alkane 
Dimethylbutyibenzene 
Alkane 
Alkane 
2-Methyltridecane 
Alkane 
3-Methyltridecane 
Alkane 
Alkane 
ZMethylnaphthalene 
? 
? 
I-Methylnaphthalene 
n-Ttidecane 
Alkane 
Alkane 
? 
Heptylcyciohexane 
Alkane 
Alkane 
Alkaw 
2-Methyltetradecane 
Alkane 
l-Methyitetradeczne 
DiinethyInaphthalene 
,I-Tetradecane 
Dimethylnaphthalene 
Dimcthylnaphthalene 
? 
C3ZpcyCIOhe?rane 

7 

bMethyIpentadecane 
n_Pentadecane 
n-Hexadecane 
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CONCLUSIONS 

Some 200 components of produced &ter eflluent from the Buccaneer l&i 

have now heen characterized, considerably more than were previously identified. The 
most abundant single compounds are tne n-alkanes; while alkylaromatic hydrocar- 
bons are also present in a relatively high aggregate concentration. 

The use of bonded-phase fused-silica columns allows one to examine effluent 
samples by combining an automated purge-and-trap device with a gas chromato- 
graph-mass spectrometer. The sample is loaded into the purge tube and the operation 
of the device is initiated. Further operator intervention is only required when the de- 
sorption is complete: the cooled portion of the column is removed from the liquid 
nitrogen and data acquisition is initiated. Thus, the procedure is amenable to repetitive 
analyses. 

While it has been demonstrated that some 200 components of an effluent can 
be resolved and characterized, it is unlikely that such detailed analyses would be 
needed repetitively. LManipulation of the data to provide target compound analyses 
for selected compounds coufd.be performed simultaneousIy with data acquisition for 
subsequent samples if, as in the Finnigan instrument, the data system can lx used in 
the foreground/background mode with priority interrupt. 
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