SECTION THREE

CHEMICAL ASSESSMENT (STABLE ISOTOPES)

3.1 Incroduction

The blowout of the Ixtoc I well in the Bay of Campeche, Gulf of
Mexico, resulted in the largest release of oil in the history of the
petroleun industry. From the initiation of the blowout on June 3, 1979 to
its curtailment in March 1980, more than 0.5 million mertric tons (530
million lirres) of crude Oil were released into the marine environment. Fr
June to September of L5579 the oil moved in a northward direction and began
impacting the coastal environmemts of Texas in Augusc.

During the spill, the Department of Commerce (National Oceanic and
Atmespheric Adwinistration)} funded a oceangraphic cruise (The
Researcher/Pierce Ixtoc I Cruise) to obtain information regarding the
chemical nature and physical behavior of the spill. A4s part of the
program, Global Geochemistry Corporation was requested to explore the
ucility of scable isotopes im both the characterization and tracing of the
0il. DBased on some previous amalyses of tracing beach tars to seepage
sources it was felt that the stable isotope ratics (atomic composition) of
the oil might sexve as a mechanism for tracing the dispersed oil since when
compared to the molecular amalyses, the atomic composition of oils remained
relatively counstant with increased oil weathering. The approach of using
both molecular distributions (GC and GC/MS) and isotope ratios have been
used in the petrolewm industry for correlating oils with their source and
were found to complement and reinforce each other in differentiating
sources and addressing the problems of migrarion and mixtures (Seifert,
Molodowan, and Jones 1979). Similarly the ztomic composition of tars and
oiled sediments can serve as a tool either for screening samples for future
detailed molecular amalyses or far supporting conclusions drawn on the basis
of the molecular results.

The imitial investigatjouns from the Researcher Cruise indicared that:
(1) isocopie {atomic) change of the o0il varied lictle with time when
compared with the molecular amalyses; (2) the carbon isorope ratio of the
tars was similar to other oils found in the area; (3) the deuterium values
of the tars were all simiiar .te the value for the oil or heavier than -10C
parts per thousand (ppt) (SMOW); (4) the sulfur content of the asphaltenes
in mousse samples was lower and the corresponding isotope Tatio heavier
vhen compared to the tar samples, indicating selective weathering of the
sulfur compounds during mousse formation (Sweeney, Haddad, and Kaplan
1980). Although carbon and sulfur isotopes have been used to correlate
beach tars with seepage sources in Southern Califormia (Hartman and
Hammond, 1981l), this initial study was the first attempt in using stable
isotopes ag means for tracing am oil spill. It was found that while an
isctope measurement of a single element (eg. carbon) could point to
multiple sources, 3 crossplot of two or more (hydrogen, carbon, sulfur)

isotope ratios was quire useful in differemciating oils from che target
spill.

Preceding page blank
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The previous work has been extended during this study te include
analyses of olls, tars, and sediment extracts collected from the coastal
areas off Texas in an attemprt to identify those oils associated with the
Ixtoc I spill and to assess its impact on the sedimentary and correspouding
biclogical communities in the Gulf of Mexico.

The carbom isotopic composition of crude oils has received
considerable attentiom in attempts to clarify cthe origin of oil deposits.
Most of the early studies have been recently summarized by Deinmes (1980).

Most oils show §''C values in the range from -21 o -32 ppt. The
frequency distribution shows a slow rise from -20 ppt, a suggestion of
bimodality, to a strong maximum at -28 to -29 ppt and a very sharp drop in
frequency towards lighter §!'C values. If, ipn the frequency distribution
of marine sedimentcs, those deposited under special conditions and showing
very heavy &''C values are for the moment ignored, thaere is a certain
degree of similarity in shape between the §!'C fraquency distribution of
the organic carboa from marine sediments and that of petroleum, with a
shift of the perroleum §''C frequency distribution cowards lighter $!'C
values by abour 3 ppt. Compared to older sediments, petroleum shows again
a similar frequency distribution, but it is also systematically displaced
towards lighter isoropic compositioms with respect to it. Hence, perroleum
is on ths average isotopically slightly lighter cthan the kerogen in
sediments. 1In the few cases wherae it has been studied, it has been found
that this holds true alse for oil and supposed source rock. In comparison
with coal it appears that in spite of a considerabls overlap of the
distributions, petroleum (mode =27 to 30 ppt) shows on the avarage lower
§*'C countents than coal (mode =23 to 26 ppt).

Although the carbon isotopic composition of all oils combined covers
more than L0 ppt, it has been found chat within a particular oil £iald the
carbon isotopic composition variations cam be much more restricted (less
than 1 = 2 ppt). Hence, in combination with other oil characceristiess §'°'C
measurements may be used to characrterize and corralats oils and can
represent a useful tool to the explorationist. Likewise, §*'C
decerminations may be of help to trace the source of major oil spills.

As petroleum is a complex mixture of organic coampounas parz of the
variability in the 6''C values of petroleum might be relared to carhon
isotopic composition diffserences between the different chemical components
of crude oil. There have been relatively few studies in which separatad
chemical compounds or compound groups have been analyczs=d. In scmz of zthese
ouly very small 3!'C differences between petroleum fractisns ware observed,
while in others, systematic tremds inm §!*'C variations ware discovered.
Asphaltenes, which contain the highest wmolecular weight =aoleculas, and zars
show a slight §'°C enrichment with respect to the toral o1l; wax and
paraffin, containing somewhar lower molecular weignt mo.ecules show a
slight &''C depletion with respect to the total 9il. ~For the gaseous
components butane, propane, ethane and methane the §!'C Japlacion ipecreases
with decreasing molecular weight. Another feature worth nacting is that in
most of the oils studied the saturates are systemacical.y deplacaed in ¢:'C

with respect to the aromatic compounds.

Few D/E ratio measurements have been recorded for -ecroleum. Four
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Middle East crude oils were measured by Schiegl and Vogel (1970} and they
raport an average 8D value of -8% ppt. More recently, D/H measurements on
fifteen Paleozoic oills from Michigam, U.3.A., yielded a 3D range of -90 to
~130 ppt (Brand et. al., 1980). In this latrer study it was determined
that the paraffin fraction was approximately l0 ppt lighter than the
aromatic fractiom.

In a very recent study, Yeh and Eptein (198l) report data of D/H and
§17C for ll4 petroleum samples and for several samples of related organic
matter. &D of crude oil rapmges from -85 to 181 ppt, &''C of crude oil
ranges from =23.3 to =32.5 ppt. Variation in &D and &''C values of
compound-grouped fractions of a crude oil is small, 3 and 1.1 ppt,
respectively, and the difference in &D and 6'’C between o0il and coeval wax
is slight. Gas fractions. are 53 - 70 and 22.6 —- 23.2 ppt depleted in 4D
and §''C, respectively, relative to the coexisting oil fractions. The 6D
and 6''C values of the crude oils appear tc be largely determined by the
isotopic compositions of thelr organic precursors. *

3.2 Methods and Approachas

Samples of tars and sediments were fractionated at ERCCO into saturate
and aramatic fractioms and received by Global Geochemistry Corporatiom for
sulfur, carbon, and hydrogen isotope analyses. For the majority of the
sediments the saturate and aromacic fractions had te be combined te yield
anough marerial for isctope measurementr. Approximately ome (1) milligram
of sample was couwbusted at 900°C in the presence of cupric oxide and silver
metal (Stump and Frazer, 1973). The produced CO, was purified and
collected for isotope analysis. The water from combustion was comoverted to
molecular hydrogen by reaction with uranium turnings at 800°C, collected on
activated charcoal under liquid nitrogen, and transferred to a break—seal
tube via a Toeplar pump.

Approximately 0.5 grams of the asphaltenes from the tar and oil
sawples were combusted in a Parr Bomb in 30 atmospheres of oxygen with the
produced sulfarte precipitated as BasSo, (Parr Instrument Company, 1965).
Sulfur dioxide was prepared for iseotopic analgsis by direct combustion of
the barium sulfate with quartz powder at 1200 C (Bailey amd Smith, 1972).

The scable isotope ratios for carbon were determined om a Nuclide 3" -
60" RMS instrument, the hydrogen on Varian MAT 250, mass spectrometer, and
the sulfur on Nuclide 6™ - 60  RMS mass spectrometer. All isotopic data
are expressed in the standard § notarcion:

éx seample (ppt) = R sample — R standard x 1000
R standard

where x represents the element and R the ratic of the rare to zbundant
isotope of that element. Values for carbon are relative to the Chicago Pee
Dee Beleminite (PDB), those for hydrogen are referenced to standard mezn
ocean water (SMOW), and the sulfur isotopes are relative to cthe Canyon
Diablo Troilite. Precision for carbon, hydrogen, and sulfur are 0.l0 ppm,
L.0 ppm, and 0.3 ppm, respectively.

=153~



3.3 Resulrs

The fractions of thirty—-four oil and tar samples were analyzed for
their C,H, and S igotope ratios and four sorbent pads for C and H isotope
ratios (Table 3-1). Additionally, thirty-one sediment extracts were also
analyzed for C and H isotope ratios to determine the extent of &6il
contamination in the coastal sediments (Table 3-2).

_Both oil and sediment samples represent two collectinn periods during
late 1979 and late 1980. All the sediment and tar samples were collected
on the Southeast coast of Texas from Galveston RBay to the Mexican border.
These collections included a suite of samples cbtained when the Burmah
Acate tanker spilled and burned its cargo during mid 1379. The Burman

Agate oil sample collaction is designated as samples 3=15, and 23 ancd che
sediments as 32, 33, and 34.

The §''C values of the saturate hydrocarbons for the tar samples
ranged between —~27 ppt to =28 ppt (PDB). For the 1979 samples, thae Burmah
Agate collection of oils is generally heavier (greacar 3!3 content) than
-27 ppr and the Ixtoc I olls are lighter than =27.5 ppc. The 1980 Ixcoc I
0ils are« about U.5 ppt heavier cthan those collected in 1979 (Figure 3-L and
3-4). The deuterium values of the Ixtoc I saturates range betwWween -80 and
=100 ppr (SMOW) with the lY80 samples slightly heavier than those collected
in 1979 (Figure 3~1). The deuterium values of the Burmah Agacre saturates
are about 20 ppt lighter than those related to Ixtoc I, ranging becween
=110 and -~120 ppt (SMOW). Three samples from the Burmah Azate suice (1, 9,
14) have a deurerium content similar te the Ixtoc I sampies.

The §!'C values for the armmatic fractions of the Burmah Aigaze oils
are heaviar than the Ixroc I samples by about U.J ppt; and the deuterium of
the Burman dgate tars is depleted by about 20 ppt relative ro Lxtoc I
samples (Figure 3=4). -_

A plot of the 6'*S values of ine asphaltenes versus the 6*°'C of tne
aromatic fraccion indicates that cthe Burmah Agare valacaed oils are
isotopically heavier for both carbon anmd sulfur relative to sawmples
suspected of being Ixtoc I sourced (Figure 3=3).

As indicated by the other isotope crossplocs, a carbom vs. carbon plot
of the saturate and aromatic fractions show the tars and oils separated
into three groups: Ixtoc I, Burmah Agate, and unrelatai s~rurces (Figure
3=4). The separation of the groups is largely contTollsad hv rhe §!°'C of
the aromatic fractiom.

The saturate fraction of four sorbeat pads (samples .2 = .3, Tacie
3-1) was analyzed for its carbon and hydrogen isotope racias. As the data
indicate, samples 35 and 38 would fall in the Ixtoc I compositiocnal
"window" with the isotope Tatios of samples 36 and 37 bzing auch too heavy

to be Ixroec 1 sourcad.

As previously mentioned, for a large number of the sedinent sampies,
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Table 3 1

CARBON. HYDROGEN, AND SULFUR ISQTOPE DATA FOR THE TARS. OLLS. AND SORBENT

PADS.

F 1 F 2 I"3 PROBA&BLE
GLC# SAMPLE ¥ (BLM) §tig 4D si'c §D §'*s SOURCE
1 7911-P02-i001 -27.13 -96 -26.54 =91.7 3.82 Bur. Ag.
2 7912-P20=-1001 ~27.54 -83 =27.3 -83 -2.31 Ixtoc
3 7912-P24~100L N.D. H.D. =27.33 -94.3 =2.54 Ixtoc
A 7911-P06-1u01 -27.9 -95.1 -27.25 -87.% ~4.72 ixtoc
5 7811-PU%-1001 ~27.83 ~85.6 -27.12 -9u.5 -.27 Ixtoc
6 7912~-P12=-100L =27.84 =83.4 =27.2% ~-93.2 2.31 Ixroc
7 7908-14C~-1001 -27.6 -94.4 =27.27 -92 -5.18 Ixzoc
& 7908-13a-1U0L -27.71 -92 =27.24 =90.1 ~-5.86 ixtoc
9 7911-BL4-1001 ~-27.85 -91.6 -26.85 N.D. 3.50 Bur. ag.
10 7911-R02-1001 ~27.43 N.D. =~26.54 =117.3 7.46  Bur. aAg.
11 7911-B02~1002 -=27.37 -114.8 ~26.62 +~114.5 5.74  Bur. ag.
12 7911-BO7~L001l  =27.38 -115 -26.31 -1lu8 4.92  Bur. Ag.
L3 7§11-BUL3-1U01ll -27.27 -1l -26.28 =/8 2.54  Bur. ag.
14 7911-BUL-13L1  -27.29 =98 =26.47 -1ll4 4.59  Bur. ag.
L5 79Ll=-Bua=-Luu?  =27.76 -118 -26.53 -=1ul lU.U6  Bur. Ag.
lé 3012-Tul~1001 -27.28 -%i  =27.07 =40 -3.79 ixtoc
17 80L2z-TL2-1001 =-27.32 -0y -26.68 ~5¢ =-.7v  Unknown
18 -8012-Tu3-100L  =27.31 -92.4 -26.66 -B87.3 .02 Unknown
19 8012-T04=~10ul -27.18 -89 -26.%1  N.D. N.D. Unknown
20 8012-TO5-100L =27.10 =90  =-26.90 -%4 -5.45 Ixzoc
21 7908-CM2-10Q1  ~27.43 -83.8 -27.u7 -91.4 -=3.06 Ixroe
22 7911-BG5-100F  =27.40¢ -118 -25.87 =125 4,81  Unknown
23 7911-806-1001 =27.46 =118~ =26.47 -1l11 -4.13  Bur. Ag
24 7908-Qu5-1001  -28.95 -108 ' -26.28 ~-1l2 3.1l  Unkznown
25 7908-CM1-1001 -27.46 -89 -27.06 =83 -2.21 Ixtoc
26 SGOA-QUZ-IOUI -27.28 -86.9 ~27.10 -73.2 -3.51 ixtoce
27 8004-E03~1001 -27.41 -85.5 -27.y8 -75.7 -.22 Ixtoc
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28
29
30
31
32
33
34
35
36
37
38

¥.D.

BlU4-EU4~L00L
§u4-E05-1001
8004-E01~1001
79ud-QUl-100L
7903-Q02-1U01
7908-Q03-1001
79u8-QU4-100L
7911-546=-1001
7911-M25~-1001
7911~527-1001
7911-821~-1001

Not Detarmined

~27.39
-27.29
-27.33
-27. 54
-27.4T7
-27.62
=27.06
=-27.39
=-22.48
-23.86
-27.31

-83.4
-80.6
~-8l.4
-30.8
-123.0
-79.0
-79.4
=30
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-27.08
-27.97
-27.09
-27.89
-24.94
-27.Q5
-27.63
N.D.
N.D.
N.D.
N.D.

-86.8
=75.5
-81.8
~-78.5
-121.7
-74.7
78.2
N.D.
N.D.
N.D.
N.D.

iXtoc
Unknown
Ixtog
Unknown
Unknown
Unknown
Unknown
[xtoe
Unknown
Uaknown
Ixtoc
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7909-R25-6001*
7912-pa2-6001*
7912-M04~600L*
79L2-M14~6001%
79L1-M21-6001*
7912-M05-6001
7911 -435-4001*
7912-M37-6001
7911-506-6001*
7912-H39-6001%
7911-5353-600i*
7912-N38-60Ul
7912-551-6001*
79:11~-853~6001%*
3012-N39-6001*
8012~352-6001*
8012-551-6001*
8012-M36~-60ul
BOI2-831-6001
BOLl2-M35-6001
8012-N38-600L*
7911-552-6001

7911-554—6001*

7911-850-6001%
7911-S31-6001
7911-526=6001%

Table 3-2
CARBON aND HYDROGEN ISQTOPES FOR THE SEDIMENT EXTRACTS

SATURATE

3¢
-26.66%*
-25.96
-25.37
~26.03
«25.90
-27.01
-26.78
~19.82%*
-24.153
~26.31
=21.35%%
-27.18
=~25.85
-25.10
=-25.89
-22.U09%*
-27 . 13%%
=26.92%%

L =27.36%*

~23.57
~26.46
-20.67 %
-23.95
~23.98
=20.49%%
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3 7911-529-6001%

31 8012-N37-6001*
32 8012 -G04~6001
33 JUl2-GU5-60ul
34 8012-,06-6001
35 7909-4NC-6001

*%Small sample, data may not be reliable

*analysis of combined Fl and F2 fractions

-24.76
-26.89
-27.28
-25.%0
-24.83
=22.34
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=133
=157
=101

-7

=35

-24.87

=107
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Figure 3—1. Carbon, Hydrogen, and Sulfur Isotope Data for the Tars, and
Sorbent Pads { ® 1979 Sampies and # are 1980 Samples).

~165=




ru
=120
w
®
“. &n
=118 L3 1.8
g
"
E Y
-100
2 10
a ¢ ¢
g 1y ’éz
a iz w e
80 4 + wre, *
a @
t 4
g ' P
1
-80 10 n
1 e . o o
13 ae
PN g 9
‘. 29
1
70 -
1 T ] T
- 27 a -218
28 & j'3C aromatic
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the saturate and aromatic fractions were combined to yield sufficient
marerial for isotope analyses. The data for these samples are listed in
Table 3=2 and illustrated in Figure 3-3.

Even with the combination of fractions some samples were so small thag
the isotope values obtained may anot be accurate. These samples are

indicated in Table 3=2 and were excluded in the plot of the data (Figure
3=-5). -

While general trends are difficult to establish for the sediments as a
whole, paired comparisons of 1979 with 1980 collections can be made for
certain stations. For both Statioms S31 and S31 the 1980 samples are
isotopically lighcer, suggesting a greater degree of petroleum
contamination in the 1980 collection. TFor Statiom M35, the isoctope data of
the 1979 sample represents both aromatic and saturacte fractions; whereas,
for the 1980 collection, only the aromatic fraction was measured. Since
the deuterium values are similar, the data probably indicate that either
little change or a slight decrease in the degree of contamination has
occurred during 1980, even though the §!'*C value is zpproximarely 1l ppt
lighter for the 1979 collection. The isotopic data for Station N=39 are
isotopically heavier for the 1980 sample indicating that a small decrease
in the level of sediment petroleum has occurred with time, The same trend
appears to have taken place for Station N=38, although, as in most cases,
the comparison is between a saturate fraction for the L9759 sampie and
combined fractioms for the 1980 sample.

The sediments collecred from the Burmeh Agare statioms (32, 33, 34)
show a progressive increase in the '‘C and deuterium countent of the
saturate fraction with increaseddistance from “sourcs”, corresponding to a
decrease in contamination in 2 southwest direction.

3.4 Discussion

In this investigation, the carbon and hydrogen isotope ratios of
hydrocarbon fractions from collecced tars and sediments were determined
along with the sulfur isotope ratios of the zar and oil asphaltenes. In
using isorope crossplots, oils sourced from the Ixtoc I can be easily
d¢ifferentiated from other sources such as the Burmah Ag: Agate samples. For
those oils suspected of being Ixtoc I sourced, the samples collected in
1980 are isotopically heavier than those collected a year earlier. Whereas
this fractionation may result from increased weathering which selectively
Temoves the lighter isotope, compositional variacion of the souree 0il can
not be discounted. In the earlier work con Ixtoc I (Sweeney, Haddad, and
Kaplap 1980), the carbon isotopes of a certain fractiom of the tars
collecred near the wellhead were isotopically heavier than the oil by about

0.5 ppt indicating either compositional variatiom in the source or rapid
differential weathering.

Due to the difficulty in obtaining adequate sample sizes for the
sediment hydrocarbons, detailed temporal and spatial analysis was not
possible. As a result of the small samples, many of the isotope
measurements had to be performed om combined saturate and aromatic
fractions. Data comparisons based on these various fractiomns may therefore
0ot he as rigorous as would be desired. Nevertheless, those samples
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displaying §!'C values lighter than =26 ppr and deuterium lighter than =60
ppt (SMOW) appear to be conraminated with petroleumsourced material. This

is readily apparent in viewing the Burmah Agate tramsect (sample 32, 33,
34,

3.5 Conclusion

The isctope ratios of carbon, hydrogen, and sulfur are useful in
differentiating oils framw various sources. Even upon extensive weathering
which effects large changes in the molecular composition, the atomic ratios
Temain remarkably constant. In this study most of the tars could be
definitively grouped into either Ixtoc I, Burmsh Agate, or umrelated with a
few tars possibly being mixtures.

The isotopic Tesulrts from the sediment extracts are not as easily
explained as those from the tars. The abalyses (and consequent
interpretation) was hampered by inadequate sample size. Furthermore, a
baseline knowledge of the hydrocarbon isotope ratios of sediments was not
available, so that determiming the level of comtamination in a system with
differing degrees of terrestrial, pelagic, and anthropogemic deposition is
difficult. However, Iin those samples which had adequate material for valid

comparisons to be made, the temporal change in the “degree” of
contamination could be assessed.

it has been demonstrated in this study and previous work thar stable
isotope anazlyses are a useful tool in sourcing anm oil from seepage as well
as a spill. In either case at least two isotope ratios are required for
Tesolving oil populatioms. Relative to molecular distributions, the ataomic
ratios of oils vary little with the degradation experienced during a spill
situation. In the case of widespread dispersal in areas of seaepage or
indusrrial developmear, stable isotope ratios cam be a relatively low cost
method of screeming am oil, tar, or mousse sample for its probable sourze.

In areas such as the Gulf of Mexico where the retention capacity of
the sediments maybe low (i.e. coarse grained sediments) larger extractions
need to be performed to yield sufficient material for analyses. Aalsc, in
shallow waters where both bioturbation and/or storm activity can rapidly
bury or remove the fine particles of sedimented oil, stable isotope as well
as molecular analyses may serve little utility in damage assassment
efforts. In these "high energy” enviromments, chemical tracing techmiques
may be useful only if the time between the event and sediment sampling are
relatively short.
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