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The purpose of examining the arcmatic content of enviroomental petroleum
samples in the Texas Gulf Coast regiom 13 to decipher the origin of the
oll. Petroleum samples analyzed as part of this phase of the program include
Ixtoc I oil from the wellhead, weathered Ixtoe 1 oil near wellhead, floating
oil collected at a distance from che wellhead (Hooper Collection), beached
0oil and tar (1979 and 1980), and Burmah Agate oil. The resultant quantita-
tive aromatic data ars presented ino Appendix 9.1. The remainder of the f{n-
vegtigacion focuses: o the Group I aromatic composition of the petroleum
samples, beci.se of thelr importance in identifying petroleum, and in escab—
lishing the -::senca of oll in envirommental samples (Seccions 2.2.3.3 and
2.2.5.2). Quarccictative datz oo Group I aromatics in fresh and weathered
Ixtoc and Buimian Agate olls are presented graphically in Figure 2-17 where
the much greater relative abundance of these compounds in Burmah Agata oil is
evident.

The r=cent presaence of oil ip the Texas Gulf Coasc region is not
necessarily indicative of an Ixtoc sourca. Other petroleum sources prevalent
in ~he region (e.g., platform drilling discharges, tanker accidents and
discharges) have produced small spillages, tar balls, ece. (Jeffrey ec al.,
1973; Geyer, 1981) and may confuse the evaluation of the impact of Ixtoe I
to this eovironment. The Burmabk Agace accident is of particular concarn
becauge the incident ocgurred near the area of the Ixtoe I oil cocntamina-
tion and oil spread zo the Ixtoc impact region. The composition. of Group I
arcmatics. may be quire different for variocus petroleums. However, weathering
may drascically alter the relative aromatic <ontenot of pecroleum exposed
to the envirommant, preferentially depleting lower molecular weight aro=—
matics (e.g., Boehm et al., 198la; Atlas et al., 198l)., This 1is showm in
Figure 2-17, where the relacive petrogenic aromatic content of representative
oil samples is depicted for selected fresh apd weatherad oils.

Overron er al. (1931) have suggested Char az passive chemical cag may be
usaful in distinguishing different oils. Their suggestion involves compariag
ratios of Cy, Cz, and C3 alkyl phenanthrenes (m/e = 192, 206, 220) to the
respective C;, Cg, and Cj alkyl dibenzothiophenes (m/e = 198, 212, 228).

The relative quantitiss of sach compound from a selecred oil sample ar= shown
in the GC/MS extracred-ion current profiles shown in Figures 2-i8 and 2-19,

A compilationm of these racioa for the oil samples sxamined by GC/MS is
presentad ia Table 2-18.

The alkyl phenanthrene—alkyl dibenzothiophene ratiocs for the fresh well-
head Ixtoc I oil and che Ixtoc I oil fleoating in the viciniry of che wallhead
are nearly idencical. The C; and C3 raties for the beached Ixtoe olls and
ing effects. This is most promounced for the C} racios. of the beached
and floating petroleum. The elavation of C; ratics 13 probably the firsc
indicacion by this mechod chat weatheriag procasses are affecring che phenan—
threne (2) aod dibenzochiophene (DBT) aromacic compositions. Two of the
three floating oil samples (7908~-Q0L-100l, 7908-Q03~100l) again show good
Q2 and C3 ratio correlatioms to the Ixtoc I oil, but C; ratios were
also slighely slavaced. Burman Agate oil was also examined and found o be
quirce differenc from Ixtoc I oil Burmah Agate C; ractios wvers about five
times greacer thag Ixtoc I, Cp ratios abouc six times larger, and Cj
ratios about four times larger.
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Figure 2=-18. GC/MS Analysis.of Qils, A = Total ion Chromatogram, 3 = Phenanthrene
Series Mass Chromatograms.
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Figure 2—18. (Continued).GC/MS Analysis of Oils, A = Total lon Chromatogram.
B = Phenanthrene Series Mass Chromatograms.
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Figure 2—19. GC/MS. Analysis of Qils, A=Totat lan Chromartogram, 8=0ibenzothiophens
Series Mass Chromartogram.
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TABLE 2-18

PETROLEUM ALXTYL PHENANTHRENE-ALKYL
DIBENZOTEIQPHENE RATIOS

SAMPLE C1P/C3DBT CaP/C2DBT C3P/C3DBT

Ixtoc Collection

Fresh 01l From Wellhead

PIX-5=E0Q502 0.72 0.51 0.89
Weathered Ixtoc I 0il Near Wellhead
Texas mousse flakeP 0.89 0.43 0.39
Texas moussal 0.73 Q.41 0.49
PIX-5-81162 0.82 0.48 Q.59
PIX-17-E1862 0.89 Q.48 0.58

Beached Ixtoe 0ils and Tars®

7908-~14C-1001 1.02 C.56 0.78
7911-p20=10Q1 1.18 0.64 0.75
7811-P06-1001 1.32 0.80 0.80

Qverall Ixtoc (Range)
0.72-1.32 0.41=0.66 0.49=0.80

Burmah Agate Collection

Floating 0il

7911-302-1001 3.56 3.41 5.38

7911-802-1002 5.69 4.30 11.36
Beached 011

7911-803-1001 5.06 5.11 11.02

Qverall Burmah aAgate (Range)
3.56=5.69 3.41-5.11 5.36-11.3%




TABLE.2~18 (CONT.)

SAMPLE C3P/C1DBT CyP/CDBT C3B/C3DBT

Identified 0ils/Tarsd
Beached 01il/Tar (Ixtoc)

7912-P12~1001 1.03 0.57 0.71
8004~E02-100L 0.65 0. 47 0.66
8004~205~1001 .90 0.57 0.72
8012-T01-100L 1.4L. 0.49 0.68
8012~T02~1001 1.18 0.33 0.70
8012-T03~-100L 1.65 0.56 0.60.
8012-T05-100L 0.36 0.57 0.62

Beached 0il/Tar (3urmah igate)

7911-804~7001L 4,92 4.52 9.47
7911~-B04~-1002 5.58 .67 6.13

Floating 0il (Ixtoc)

7908-Q03-100L L.0e d.82 0.63
7908-Q01-100L 2.20 062 g.59

Unidentified 0ils/Tars

Beached 01il/Tar
7911~-pP02-1001 Z.1l5 1.50 1.52

Floating 0il/Tar
7908-Q02~-1001L 6.17 4,20 544

4pata from Researcher cruise, September 1979 (Boebm and
Flestc, 1980a) .

bData from Pacton et al., L3s8li.
Cpefinitively identified by PSCGC and stable isotopes.
dBased on determined: ranges of Cp and Cy racieas.

-83-



Based oun the range of the C; and C3 ractios, identifications of oil/tar
samples are made in Table 2-19. Two sanmples defipitely are not of either
origin (P02 and Q02). Note that even the very highly wearhered beached
oil/tar collection (i.e., 8012-T series) is identifiable through the C; and
C3 ratdos.

By incorporating the results of the alkyl phenanthrene—alkyl dibenzothio~
phene ratios with saturated hydrocarbon. PSCGC data.and carbon, hydrogen, and
sulfur stable isotope data, the source of many of che oils can be determined
(sae Table 2-19). At least two matches are needed to assign a sample to a
category. Results from stable isotope 2nalyses are weighted mors strongly
than FSCGC results alone. Sulfur stable isotope data are tentatively used
to overturn FSCGC results but € and H isotope data ares overruled by a combin-
ation of FSCGC and GC/MS data (e.g., sample B8012-T03-10Q1).

When the GU/MS resulrs are combined with FSCGC and isotope results, the
overall results are definitive. The power of the aromatic ratios f{an coufirm-
ing oil identifications, and in establishing identities if owe of the other
tachniques is questionable, is esvident (Table 2-19).

2.3.1.4 Aromactic Sulfur Compcunds by Hall Detector

Apnalysis of oils by sulfur-specific GC detectors has previously been
used in conjunction with GC-FID to fingerprint oils (ASTM 3328-78; USCG,
1977). However, no attempt at such an evaluacion oun heavily weathered oils
has been documented. '

Ten oil samples representing a range of Ixtoc and Burmah Agare samples
were analyzed by this method. The FSCGC-Hall trace (e.g., Figure 2-20) offers
mch information on at least two homologous organc—sulfur compound saries,
the dibenzochiophenes (DBT) and naphtho-dibenzothiophenes {NDBT). In saveral
samples a dibenzothiophene compound series is discermed but, as these compounds
are relatively rapidly weachered from waterborne oils, source-matching using
this compound series is limited to use in comjunction witn a normalizing
parameter (e.g., the alkylated phenanthreses; Section 2.3.1.3).

Boch the Ixtoc and Burmah Agate oils contain similar series of DBT and
¥DBT compounds. When graphed together to examine the compositional details
of the DBT series (Figure 2-21), a wide range of compositions Is obsarved.
The methyl DBT (peaks C, D, and E) appears to fall ianto two groupings.
Although the Burmah Agate oils appear relatively "rich”™ iz mechkyl DBT,
so does cne Ixtoc residue. The other Ixtoc oils cluster fairly close o
one another in che €, D and E zompounds, but so do several residues not
believed to be Ixtoc—related due to isotopic evidence. iuch more scacter
in the data appears in the relactive compositiomal plots for the dimechyl
dibenzochiophenes (peaks F-1).

Some heavily weathered samples do maintain their organig-sullur profiles,
in spite of a radical weathering of the n-alkane componezcs. This was
previously apparent in GC/MS studies.
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TABLE 2-19

SUMMARY OF RESULTS OF OIL IDENTIFICATION PROCEDURESZ

1SOTOPE
FSCGC RESULTS GC/MS
COLLECTION ERCO ID RESULTSP (C,H,S)P RESTLTSO QVERALLP
HOOPER. 7908-Q0l-1001 T 0 I L
7908-Q02-1001 0 ) 0 0
7908-Q03~-1001 T a I 0?
7908-Q04-100L T T - I
7908=-Q05-1001 W 0 - 0
ERNST 3004=-E02-100C1. I L I I
8004=203~1001 aQ I - I
8004=E04~L1001. 14 L - T
8004-EQ5-1001 W e I T
8004~E0L~100L pa L - I
STURTEVANT  7911-P02-100L 0. B 0 0
7911-P17-100L T - - ID
7911-P20-100L I T L T
7911-224~100L L L - I
7911-P06-100L L T I I
7911-P09-100L T I - L
7912~P12-1001 1 I 1 I
RPT 7908~-T4C~100L L L L L
7908-154-100L. I T - I
7911-Bl1-10QL W - - h»)
7909-103-10a1 0 - - D
UscG 7911-304-1001 B B 3 B
7911-802-100L B 3 5 3
7911-802-1002 B 3 B 3
7911-B06-100CL. 3 B 3
7911-804~1002. : 3 B 3
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TABLE 2-19 (CONT.)

1SOTOPE
FSCGC RESULTS GC/MS

COLLECTION ERCO ID RESULTSD (c,=2,s)® RESULTSP OVERALLY

BURMAH AGATE 7911-P01-1001 0 - o
7911-305-1001 B B - B
7911-P19-1001 0 - - hos)
7911-B07-1001 1 B - B
7911-803-1001 B B B 3

1980 BEACE

SURVEY 8012-7T01-1001 w I I I
8012-T02-1001 I 0 1 1
8012~T03-100L ' o 0 o
8012-T04~1001 W T - o))
8012-T05-1001 W T 1 i
8012-T06=1001 W - 1D

TORTLES 7908-CM2-1001 I - - o]
7908-CM1-1001 0 - - D

USCG-COIL 155 I - - 1

SAMPLE

agefer to Appendix 9.1 for cross referencing and locatlon of all samples.

BY - Ixtoc.

B - Burmah Agate.

0 - Other source or gquestionable match.
W = Weathered RBeyond Recognitiocn.

ID - Ipsufficient data.
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Figure 2—21. Compositional Plots of FSCGC—Hall (S Mode) Dervec information.
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2.3.1.5 Azaareme Compounds

Ten olil samples were subjected to the acidic extraction, neutralizatiou,
solvent back—extraction scheme to isolate the basic organo-unitrogen hetero—
cycliecs., Moat of the samples contained only small traces of these coampounds
made up mainly of the highly alkylated three-ringed acridine/phenanthridine
gseriss, GC/MS was ugsed to examine these distribugions (Figure 2-22). The
predominant azaareges in weathered Ixtoc and Burmah Agate oils show that
these compounds (m/e 207, 211, 233) are more abundant in the Ixtoc oil than
in the Burmab Agate oll but that little informarion of a sourca-matching
nature can reliably be gaired by azaarens evaluations due to the extremely
low levels of thaese compounds.

2.3.2 Petroleum Hydrocarboms im the Benthic Substrate

One mndred and twency-five samples were s¢reened for the presencs
of petroleum residues by UV/F, and eighty-chree were further subjected to
detailed FSCGC (FID) amalysis te quantify both the saturate (f;) and
arcmatic (f3) fractioms. Of the 83 samples analyzed by FSCGC, 40 wera
analyzed by GC/MS to determine detailed aromatic hydrocarbon amd sulfur
heteroscyclic compesitious.

2.3.2.1 UV/F Screening

A sertal addition of whole Ixtoc oil was added to a low-level sedizment
sample extTact, to decermine the ease of recognition of newly deposited oil
residues in offshore sediments by UV/F. The data pregented in Figure 2-23
indicate that Ixtoc oll can be seen at levels a3 low as .25 mg oil per ~100
grams of original sample (2.5 ngeg~t:). However, there is a substancial
amount of background Ffluorescence in many Gulf Coast samplas {Boehm and
Flest, 1980¢; Figure 2-24) similar in the overall UV/F spectrum to the ail.
Therefore false positive or indetarminace UV/F screeaings are quice gprobable
occurrences, indicating that further, more detailed, discriminating analyti-
cal work 1s pecassary to differepciate the background from small inecremental
oil additions.

Roughly half of the sediment samples screened wers comsidered to be
“petroleum~possible” samples. UV/F ctraces such as thoses shown in Figure
2-25 were commonly encountered. Samples were selacted for further amalysis
based on the similarity of OV/F spectra to the spectra of weathered Ixtoc
oll. Samples were also selacted for overridiag geographical considarations.
UOV/F resulecs might oot have indicatad obvious oil, but sufficienc hiszorical
dats existed (i.e., the 12 primary S$TOCS stations) and chus pre=~ co posc~spill
comparisons could be made.

All sediment samples exhibiced UV/F spectral maxima in the two, three

and four aromatic compound bands {e.g. Figure 2-25), The peryleme doublerc
(five tings) was a prominent fearurs of wmany of the offshore samples. In a

-89~
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Figure 2—25. Sychronous UV/F Spectra of Sediment Sample
Showing Typicai Guif of Mexico Background (A) Mixed with
Possibie Qil Contaminatiom.
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sample such as that showm Iin Figure 2-25a small incrementszl addirions of oil
would be difficult to discerm from the fluorescent background characteristic
of many Gulf ccast sediments {Boehm and Fiestc, 1980c).

2.3.2.2 TSCGC Analysis

On those samples selectad for further analysis, FSCGC was used to
obtaln quantitative results on the gross saturated and aromatic fractions,
and to obtain quantitative information om individual components (n-alkanes,
isoprenoid alkanes), component groupings, and component racios. Thosae
parameters quantified and stored in the data base are shown in Tabls 2-14.
Most of these parameters were available in the 1975-1977 STOCS data and
were calculated here in anticipation of data comparisons.

Summaries of the total hydrocarbon lavels absarved in the sediments asg
determined Ifrom FSCGC traces are prasented in Figuras 2-25 and 2-27.

Concentrations fell Iinto the 0.5-20 ppm range throughout the study
area. In general, the hydrocarbon concentrations determined were directly
relatad to the tocal organic carbou (TOC) comtent of the sadiment and, at
least on the gross (ppm) level, had mo connection with Ixtoe 1 or Burmah
Agate petroleum additicns. For the most part PHC levels in sediments seem
to be diczatad by the geochemical ratio of PHC/TOC ~0.006 (or 0.6%) through-—
out the study region. PHC versus TOC plots have been previously amployed as
diagnostic tools for looking at hydrocarbon sources (Boehm and Fisst, 1580Qc;
Boebm, 1978). In nearshore nonpolluted sedimentary eovirooments subjected
to background inputs of PHC (i.a., chromie¢ ioputs) the PHC/TOC ratioc will
remain relatively comstant if similar sources dictate the 1vdrocarboun gec—
chemistry of the sediment. If oil from a spill should impacc a sampling
site, a proportionately greater amount of PHC will be added to the sediment
as the PHC/TOC ratio in oils is very large (2 0.5). Thus small additions of
oil, on the order of 10 ppm, should sasily be detected viz 2HC,/TOC slots such
as those shown in Figures 2-28 and 2-29.

Several 1979 and 1980 samples appear to be atypical of the regions’
geochemical makeup (f.s., £fall off the regression) and thus should be
evaluated further for the presence of oil. This was accomplisbed by eval-~
uating FSCGC traces and derived parameters to differentiate new petrolsunm
additions from the 0.5-20 ppm background. FSCGC traces wers scrutinized for
waathered but nonbiodegraded oil, as biodegraded oil was found in 1980
samples from che south Texas beaches (Figure 2-1l1d), and Zfor agizations of
local ipputs such as sourcs material from the Port Aransas ZJaannel arsa
{Figure 2-30).

Sediment samples from the study area subjectad to FSCGC znalysis and
secrutinized for any gas chromatographic indicaction of recent oil (e.g.,
Figures 2-31, and 2-32) failed to produces any trace of spill-~dezived
oil. Indications of weathered oil finputs were noted in the Burmaiz Agarce
sediment collection and will be discussed below. In addition, Low levels
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