TABLE 2-9

SAMPLE AND DATA COLLECTION SUMMARY:

TXTOC DAMAGE ASSESSMENT

NUMBER OF SAMPLES

SORBENT BEACHED

YEAR SOURCE SEDIMENTS SHRIMP  PADS oILS
1974 . STOCS*™ Data 8] ]
{pre-spill)
1975 STOCS* Data 18 8
(pre—-spill)
1976 STOCS™> Data 32 12
{pre~spill)
1977 STOCS™ Dara a7 15
(pre=gpill)
1979 ERT Sgmples 99 835 g 30
({mid—spill)
1980 BlM Cruise. 44 51 0 23
Samples
(post—spill)

*3TOCS data are from the 12 primary stacions. only.



2.2.2 Sample Analysis

The analytical strategy for the chemical assessment consisted of three
levels (Figure 2-2). In the first level, samples were extracted and aaalyzed
by ultraviolet spectrofluorometry (UV/F) to screen them for the presence of
petToleum. Those samples either suspected of containing petroleum or of
ioterest due to time and position of the sampling were carried through to the
next level, fused silica glass capillary gas chromatography flame iconizatiocn
detection (FSCGC) and stable isotope analyeis. These techniques were used to
distinguish petroleum hydrocarbons from biogenmic hydrocarbons and zo identify
the source of petrolesum. Confirmation of the identity of the oil and msagure-
ment of low levels of aromatic hydrocarbons were both accomplished during the
third phase when computer—assisted gas—-chromatographic/mass spectromecTy
{GC/MS) was used. Additiomally, capillary gas chromatography with sulfur—
gspecific decection (Hall conductivicy detesctor = 5 mode) was used to focus
on the organic sulfur compounds. Nitrogen heterocyclic compounds were decer—
mined on a selectad set of samples using gas chromatography/flame icnizataon
deteccion (GC/FID) of the airrogen compounds, following acidic extractiom of
the orgamic extract.

Four types of samples - sediments, tissues, beached oils, and sorbent
pads - were analyzed within this study, each according to a slighctly differenc
analysis scheme. Each sample type required 2 umique initial processing/sample
extraction protocol and followed its own amalytical decision tree. Sorbent
pads and oil samples contained oil and were immediately analyzed by lavel 2
techniques, FSCGC and stable isotope analysis, without a Lavel 1 screening
(Figure 2-7). Shrimp and sediment samples were first analyzed by the Lavel 1
technique, UV/F, and subsequently analyzed by Level 2 and Level 3 zethods
(Figures 2-8 and 2-9). Each step of the hierarchical amalytical scheme {is
discussed below.

2.2.2.1 Sample Procassing

The initdial step of the chemical analysis was to extragt cha petIpizam
hydrocarbons from the sample matrix. This process was uiaiguz Ja7 the oils,
sorbent pads, shrimp, and sediments. Subsequent analytical steps wvere
nearly identical for all samples.

Qils

Two types of oil samples were received: tar and heavily Jiizd each
sediment . An aliquot of each tar sample was removed witn a mecei spatuia,
dissolved in dichloromethane, and drisd using sodium suilale. & 3zasured
aliquot ( 5 percent)} of the dichloromethane (3aker resiazal;cac) was wiogaed
on a Cahn Model 25 electrobalance Co determine the total lipia cocacentration.

One aliquot of the dichloromethane extract was remeo7ed I¢ 1sclale che

»la
asphaltenes Sor stable isotope amalysis. The volume of :iicoioridzmisnane
solvenr containing about one gram of oil was transferres ©3 2 -2l cenirifuge
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tube and concentrated to less than 1 wl under a stream of nitrogem. Thirzy
ml of hexane were added to precipitate the asphaltenes, wnich were Iisolated
by centrifugartion. The asphaltenes were washed with an additiocmal 30 ml of
hexane, then redissolved in dichloromethane.

A second aliquot of the dichloromethane extract was spiked with 10 ug
each of androstane and djg-pbenanthrene and fractionated by silica gel/alumina
columnr chromatography, after which each of the resuylting saturated and aromatic
hydrocarbon fractions was amalyzad by FSCGC. The fractiomation and FSCGC
procedures are described in subsequent sections (2.2.2.3 and 2.2.2.4).
Selected samples were amalyzed by GC/MS and GC/Hall sulfur techniques (see
Sections 2.2.2.5 and 2.2.2.68).

Heavily oiled beach sands were treatad in a slightly different maoner.
Approximately 100 g of wet sediment was weighed into a 250~2i Teflorm jar and
dried by extrscting three cimes with 100 ml of methanol. The mechanol was
transferred into a 500-ml separatory funnel conrainiang 100 wl of watar
{Millipore RO), acidified to a pH of 2 with hydrochloris acid, and extracted
three times with 30 ml of dichloromethanme. The dry sediment was then extrac-~
ted three times with 100 ml of dichloromethane:methanol (9:1) by shakimg for
a mipimum of 8 hr for each extractiou. All solvent extracts were combined,
dried using sodium sulfate (Baker, precombusted at 400° C Zor 16 hr), and
concentrated by rotary svaporation. At this point, aliquots were removed for
precipitacion of asphaltenes and column chromatography/FSCGC as for the tar
samples.

Sorbent Pads

The sorbent pad samples wers collected during the 197% RRT program by
placing a spun.polymer pad iz the cod end of 3 trawl aet and doing an oblique
tow. The pad collected oil and sediment suspended in the water columnm.
Initial testing showed that riasing an unused polymer pad wich solvent
partially dissolved the pads and produced significant quanticiies of inter=-
fering peaks in the gas chromatograms of the solvent. Coamsequzatly, an
aqueous extraction of the pads in a sonic bath was usec tc ..es& aitached
sediment and oil.

The sorbent pad was unfolded and placed into a solveac—-rinsed metal
ultraseonic water bath with 500 ml of water. Somification for 5 to 15 minutes
produced a suspension of sediment in water, which was siphoned with a Teflon
tube and saved. The pad was then washed with an additiomal 300 al of water.
After washings were combined and allowed to sertle for 1 hr, rde aqueous
phase was decanted inro a separatory funnel, acidified with nydrocoaloric
acid, and extracted three times with 30 ml of dichlorcmecnane. The solid
phase was transferred to a 250-mi Teflom jar and extraccad WiLD BLileld. 20—
dichloromechane :methanol (9:1), using the procedure for zhe oirled teacn
sediments described above. Approximately 10 ug each of anduoszans and
d; g~phenanthrene were added as ianternal standards.



The coucentratad extract was fractionated by silica gel/alumina column
chromatography into saturated and aromatic fractions, which were apalyzed by
an FSCGC (see Sections 2.2.2.3 and 2.2.2.4). The aromatic fractions of
selected samples were analyzed by GC/MS (see Section 2.2.2.5).

Shrimp

Frozen shrimp samples were received in sealed glass jars. The species
of the shrimp i{in. the sample was confirmed by observing markings and shell
characteristics..

The axtraction and analytical procedure was based closely on that of
Warner {(1976) as. revised by Boehm et al. (1982). The extraction and separa—
tion procadure follows.

Fifty co one bundred g (wec) of penzeid shrimp (a minimum of 12 Zadivid—
ualg) wers shelled, deheaded and minced with a sharp knife. 4 small aliquot
of the tissue homogenate was takem for wet weighs/dry weight decerminacion.
The remaining sample was transfarred to a Teflon jar, and 50 ml of 4N KOH(aq)
and 50 ml of methanol were added. Only a. saturated interpal standard (10 ug
of androstane) was added ac this time so as not to incterfers with OV/F
determinations. The mixture was f{lushed with nitrogen, sealed and allowed
to. digest at 60° C. for & hr. The: mixture was then. fransferred to a separacory
funnel and extracted three- times with 50 ml of hexane. The haxane was dried
with sodium- sulfate, cooceentrated, charged to amw alumina c¢leamup columm
(12 g of 5XZ deactivated alymina), and eluted wich 30 ml of dichloromechane.
The dichloromethane was concencrated, displaced with hexane, charged to an
alumina chromatography columm (6.5 g of 7.3% deactivatad alumioa; 2 g Ja3504)
and elutasd with 25 ml of hexane. The fraction was concgenrrated zo 1 ml by
rocary avaporation, at which time the axtract was ready for OV/F analysis.

All axtracts were analyzed by level 1 UV/F (see Sectiom 2.2.2.2).
Selacted samples were then fractionated by silica gel/alumina column chro—
matography into saturatad and aromaric fractions which wers analyzed by
FSCGC (sea Sections 2.Z.2.3 and 2.2.2.4). The aromatic fraccions of some
of these samples were alsoc analyzed by GC/MS (see Section 2.2.2.5) and/or
FSCCC {(Hall detaczor — S mode) (see Saction 2.2.2.6). Prior to PSCGC and
GC/MS analyses of aromatic fractions djp-phenanthrere was added as a
quantificacion standard. Arcmatic compound concensrations, thus dervied,
were correctad for- method recoveries (60~30%).

Sediments

Sediment samplea were raceived in sealed glass jars and polyethylene
bags. Preliminary experiments showed that water lesaches of the polyethylene
bags contained few and insignificant levels of interfering peaks. whem analyzad
by UV/fluorescence and fused silicz capillary gas chromatography.



The extraction method for the sediment samples was based con thosa of
Brown et al. (1979) and Boehm et al. (1981b).

Approximately 100 g of wet sediment was weighed inte a 250-ml Teflom jar
and dried by extracting three times with 100 ml of methanol. The methanol
was transferred into & 500wl separatory funnel conraining 100 ml of water
(Millipore RO), acidified to a pH of 2 with hydrochleric acid and extracted
three times with 30 ml of dichloromethane. The dry sediment was then axtracted
three times with 100 ml of dichloromethane:methanol (9:1) by shaking for a
minimum of 8 hr for each extraction. Approximately 10 Ug of androstane was
added as an internal standard. All solvent extracts wera combined, dried
using sodium sulfate and concmatrated to 1 ml by retary evaporation.

At this point, the dichloromethane was displaced with hexane to pracipi-
tate any polar and asphaltic compounds. The hexane was dezanted ard apalyzed
by UV/F (seae Sactiom 2.2.2.2), and the asphaltenes were radissoclved in
dichleromethane and stored ac 4° C awaiting stable isotope analysis. Selecgad
samplas wera fracrionated by silica gel/alumina column charomatography into
saturated and aromatic fractions, which were analyzed by FSCGC (ses Sections
2.2.2.3 and Z.2.2.4) and stable isotope analysis (see Section 3.2). The
aromatic fractions of some of these samples were analyzad by GC/MS (see
Section 2.2.2.5). Djg-phenanthrene was added as a2 quapntificatios staodazd
prior to FSCGC and GC/MS analyses. Another subset of samples was analyzed by
FSCGC (Hall-S-mode) to examine the organc—sulfur compound compositiom of the
saediments (see Sectiom 2.2.2.8).

2.2.2.2 [V Fluorescenca Analysis

Although fixed axcitatioum UV/fluorescence was called for ia the original
soutTact, the synchronous excitation/emission technique has been widely
employed in recent years to examine the datailed fluorsscent proparties of
envircomental samples. The contract was modified ce allow azalysis of che
shrimp and sediment samples by both fixed excitatiom iand sy=:hrcnous sxcriation/
emission techniques. The purpose of the UV/F screeninag -mae o2 identify those
samples concaining elevacted levels of petroleum suspectad to be from che
Ixtoc I blowout,

The fized excitation technique was based on the method of the United
Stares Coast Guard (1977). The sample was dilutesd to a workiag concentration
range with hexane and transferred to a l0~mm square quartz call for analysis.
For the fixad axcitation technique, the exgitation acouciil -uo.os =28 ald al
a constant wavelength (254 am), while the emission momochrTmeler was scataed
from 250 te 500 nm. Iastrumental conditions are lisza. ... Tlliax 2-10,

The synchronous excitation technique was based on the zetlods of Wakenam

(1977) and Gordon and Keizer (1974). A measured aliquot of the sample
extract was dissolved in a known volume of hexane. Thea inrarmsity of the

~56=



TABLE 2-10

UV SPECTROFLUQRQMETRY ANALYTICAL CONDITIONS

Instrument:

Features:

Sl4its:

Excitation:
Emission:

Scan speed:.
Call:
Monochrometaers.:

Exeitation:
Emission:

Daily calibracioun:

Mantifications:

Farrand Mark I spectroflucrometcer

Corracted. excitation
Corrected emission

2.5 om
5.0 om

50 mn/mim

10 mm quartz

Synchronous Fixed
225=-475 om 254 mm
25Q0=-300 om 250-500 am

APT No. 2 fuel oil

Extermal standard

-57 -



fluorescence emission was measured from 250 to 500 am while synchrooously
scanning the excitation monochrometer at a wavelength 25 nom smaller than the
waveleagth of the emission monochromerer. This techmique measures arozatic
hydrocarbons with a two= to five-ring aromatic structure (Lioyd, 1571).

The intensities of the fluorescance spectrTa were measured at several
wavelengths (Table 2-11), which correspond to peak maxima present in an
Ixtoc I refersnce oil sample. The fluorescence spectra wers converted to
relative concentration units by comparing the peak height at each wavelength
to that of the appropriate No. 2 fuel oil standard curve. No., 2 fuel oll was
used as the calibration standard as it yields a very reproducible and widely
available standard. Since the sxact compositiocn of the flucrescent material
in the shrimp and sediment samples was not uniform and not known, a single
sultable calibration standard such as Ixtoc I could oot be used.

2.2.2.3 Tractiomation

Those sediment and shrimp samples chosen for Lavel 2 aralyses and all of
the o1l and sorbent pad samples were fractionated by silica gel/alumina
column chromatography praor to fused silica capillary gas chromatography.
Column chromatography isclated the saturated and aromatic hydroecarboms from
the total extract, thereby facilitating the identification and quaccificaction
of individual hydrocarbon compounds which were present in the sample extract.

The procedure was that of Boehm et al. (1982) and is summarized below.

The total extract was charged to a 100X activaced silica gel/3X% deac-
tivacted alumina/sctivated copper (11 g, 1 g, 2 g} chromacogTaphy column
that was wer-packed in dichloromechane and preparesd by eslucing with 30 =L
each of dichloromethanme and hexane. The column was eluted with 18 ml
of hexane followad by 21 ml of hexane:dichloromethane (l:1) to isolate the
saturated (f1) and umsaturated (£3) hydrocarbems, respectivelvy. After
concentrating each fraction by rotary evaporatiom, the fotal gravimetric
concentration was determimed by waighing a measured aliquot oo a Cann Model
26 electrobalance.

2.2,2.4 FPused Silica Capillary Gas Chromatogravhy

Fused silica capillary gas chromatography (FSCGC) acalysis served to
identify and quantify che petroleum hydrocarbon compounds »v=sent in the
sample. The relative concentrations of individual compounds served to
fingerprizt the type of oil present, and the absolute concencsarions served
as a measurs of the amount of oil present. The concencrztioms of cartain
compounds were also used to calculate indicacor ratios chat revea. Chg cCype
of hydrocarbons present, i.e., biogenic or petroleum, and tne weatheripg age
of the petroleum,

Each fraccion was analyzed by fused silica capillicy ga:

:oromecography
on a Hewlect Packard 53840 gas chromatograph equipped viin a spiivlas

s 1njection
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TABLE 2-11

UV SPECTROFLUCROMETRY DATA OQUTPUTS

Synchronous Execitation:

Wavelengths (nm): 310, 356, 400, 437
Concentration units: ugfg'l dry weight #2 fuel oil.
equivalents

Fixed Excitation:

Wavelengths (mm): 320, 355, 400, 637
Concentration unitcs: ug;g’L-dry weighe #2 fuel oil
equivalents
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port and a flame icnization detector. Wall Coated Open Tabular fused silica
columns (0.25 mm x 30 m, J&W Scientific) coated with SE30 and SESZ stationmary
phase were used to analyze the f] and f; from the column chromategraphy
respectively. The instrumental conditions are listed in Table 2~-12. Compounds
were identified by comparing retention indices of peaks in the samples to
Tetention indices of known compounds in a standard mixture that was analyzed
daily. Concentrations were calculated by comparing the integrated arsas of
peaks wirth the area of the appropriate internal standard (androstane for the
f;, djg-phenanthrene for the f3). The total concemtrations of saturated

and aromatic hydrocarbons were determined by planimetering the unresolved
area, converting it to integrator arsa units, adding it to the total resclved
integrated area, and calculating a concentration using the incarnal standard
method.

The analytical outputs from the FSCGC are listced {in Tables 2-13, 2-14,
and 2-15., The concentrations of n—alkanes and isoprencids were reported on a
dry weight basis. From these concantrations a series of kay dlagnmostic
parametars were calculated. These ratiocs are useful in establishing the
source of the oil, the contribution of biogenic aydrocarboms, and the degrae
that the o0il was weathered.

2.2.,2.5 Gas Chromatography/Mass Spectrometry

Selecred samples found to coutaln petroleum by the Level 2 apalyses
were analyzed by fused silica capillary gas chromatography/mass spectromerry
(GC/MS) to verify the source of petroleum or to identify the petroleum sources
in samples for which the n—alkane fingerprint was weathered acd thersfore
inconclusive. The concentrations of a series of polymuclear z-omatic hydro—
carbons, in particular the alkylated phenmanthrenes and dibazzotfhiopbenes,
serve as a fingerprint of weatherad petroleum.

The £7 (aromatic fractiom) ZSrom the siiica gel/alumina columm chroma-
tography (see Secrion 2.2.2.3) was analyzed for polynuclear aromatic hydro—
carbons by GC/MS. An aliquot of the fraction was analyzed usiag a Hewlet:
Packard 3985 instrument equipped with 2 0.25 mm x 30 m SZ3Z ruseq silica
capillary column (J&W Scientific), which was threaded direczly into the iou
source. Inscrumental conditions are listed in Table 2-i5.

Selectad ion searches were used to obtain iov chromarograms for arcmatic
compounds with known retention indices and suspected to be present in the
samples. If necessary the mass spectrum and retention time of an identified
peak was recrieved and: compared with an authencic standard aT tec a3 xass
spectrum library to aid in identification of the compound. arn ic—house
probability-based computer matching system, the HP 7920 multi-~disc syscem
containing EPA/NIH probability-based mass speccral librarias, was u.ilizeag
for this purpose.

Concentratious of the identified compounds wers delirmiusd 25 22asuring
peak areas of the appropriate peaks in the selected iom caromazojrams and
relating them cto that of the intarmal standard. Relacive <a facrtors

Tas®, o
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TABLE 2-12

FUSED SILICA CAPILLARY GAS CHROMATOGRAPHY/

FLAME TONIZATION DETECTION AMALYTICAL CONDITIONS

Instrument:

Features:

Inlac:
Detector:

Column:

£y:
£y:

Gases:
Carrier:
Make-up:

teceor:

Temperatures:

Injeetion port:

Detector:

Column goven:
Daily calibrarcion:

Quancification:

Bewletr Packard 3840 gas chromatograph

Split/splicless capillary inlet srscem
Microprocessor—coutrolled funcriouns

Splitless

Flame ionizationo

0.25 mm. I.D. x 30 o
SE30 fused silica (JaW Scisneific)

0.25 mm I'.D. x 30 =
S8ES52 fused silica (J&W Scfencific)

Belium 2 mi/min
Helivm 30 al/min
Afir 240 ml/min

250" C
ige° ¢
40-290° ¢ @ 3° C/ain

Alkane/aromatic mixture

Internal standard (£] androstane,
£5 d1g phenanthrene)
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TABLE 2-13

COMPOUNDS QUANTIFIED BY FUSED SILICA CAPILLARY GAS CHROMATOGRAPHY

ANALYTICAL
COMPOUND TECHENIQUE USE

Saturated hydrocarbons

n~alkanes Capillary GC Weathering and source

(x=C1g to o=C34) indicators, especially
when ratics ara de~
rived

Isoprenoids Capillary GC Weathering iadicator

{farpmesane, priscane,
phytane, 16350, 1380)

(marker compounds as
a group 1n lightly
weathered samples)
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TABLE 2-15

EXPLANATION OF PETROLEUM WEATHERING RATIOS

The Biodegradation Ratio (Alkane/Isoprencid)

(1400] + {1500} + [1600] + [1700] + [1800]
(1380] + [1470] + [1630] + [1708] = [1817]

ALR/ I1S034-18 =

The ALR/ISQ ratio appreaches ¢ as the ao-alkanes are deplated.

The Saturated Hydrocarbon Weathering Ratio (SHWR)

[summ of p-alkanes from u=Cjpy to u=Crs]
= [sum of w-alkanes from n-~Cy7 to u~Cpys)

SWHR

The SWHR approaches 1.0 as low=boiling saturated hydrocarbous
{a=Cjy te a=C;7) are lost by evaporarion.

The Aromatic Weathering Ratio (AWR)

Total naphthalenes + flucrsnes +
phenanthrenes -+ dibenzothiophenes
Total phenantnrenes + dibenzothiophenes

AWR =

The AWR appreaches 1.0 as low~boiling aromatics are lost by
evaporation and/or dissolution.




TABLE 2-156

GAS CHRCMATOGRAPHY/MASS SPECTRCMETRY INSTROMENTAL CONDITIONS

INSTRUMENT:

FEATURES :

INLET:

DETECTOR:

SCAN RATE:

IONIZATION
VOLTAGE:

COLTMN:

INTERFACE:

CARRTER GAS':

TEMPERATURES:

Hewlett Packard 5985 gas chromatograph/mass spectrometer

HE 5333 daca systemr with 7900 and 7920 disc drives
5840 gas chromotograph

Splitless
Mzgs spectrometer

400 amu/sec (46—446 amu)

70 eV

0.25 o {.d. x 30 m

SES2 fused silica

{J&¥: Scientific)

Mrecr inserciom of column into sourcs

Belium 2 al/min

TNJECTION PORT: 250% C
TRANSFER LINE: 300° ¢

SCURCE:
GC QVEN:

250* ¢C
40-290° C, 3% C/min (temperacure program)

DAILY CALIBRATION: PETBA and DFTZP arcmatlc mixture

QUANTIFICATION: Iotermal standard {djg—pbenanthrene)

{response factars)




for each compeonent were calculated from amalyses of analytical standards, if
available, or were extrapolated. The compounds reported from the GC/MS
analyses are listed in Table 2-17.

2.2.2.6 Gas Chromatography/Hall Detector (Sulfur Mode)

Selected oil and sediment samples were amalyzed by gas chromastography/
H2l]l detector (sulfur mode) to obtain a fingerprint of the sulfur compounds
for petroleum socurce identification. The relative concentrarions of a series
of sulfur~containing polynuclear aromatic hydrocarbons were measured by this
technique.

The £ (aromatic fraction) from the silica gel/alumina c¢olumn chroma-—
tography (see Section 2.2.2.3) was analyzed for sulfur-containing aromatics
by GC/Hall (sulfur mode). Ao aliquot of the fractionm was aunalyzed using a
Hewlert Packard 5850 gas chromatograph to which a Tracor 603 conducrtivity
detecror was coupled. The selector was operated iz zhe sulfur mode. Com~-
pounds were identified by comparing the retenticn times of peaks in the
sampla with retantion time of known compounds. Since the trace was used as a
fingerprint, identificacion of every compound was zot necessary and only
relacive concentraticns were reported. A series of aine peaks corresponding
to alkyldibenzothiophenes were Teported.

2.2.2.7 Acid Extraction of Nitrogen—Containing Compounds

Selected oil samples were analyzed for nitrogen=-concaining aromatic
compounds by using an acid extraction technique to isclate che compounds
and FSCGC and GC/MS to identify the compounds.

The procesdure for isclacing the anitrogen=containing compounds was
similax to that of Overtom er al. (1980). In summary: an aliquot of the
total extract of oil samples was dissolved in 20 ml of hexane and extracted
three times with 20 ml of 3N hydrochloric acid. The acidic aqueous eXtTact
was back-extracted twice with 20 ml of hexane, made basic with 6N XOH and
extracted three times with 20 ml each of dichloromethane. The combined
dichloromethane extracts were dried with sodium sulface, ccacencraced by
rotary evaporation, and fimally concentrated uander a anitrogen strezam. The
extracts were analyzed by FSCGC and GC/MS using conditions described inm
Sections 2.2.2.4 and 2.2.2.5, respectively.

2.3 Results

The hydrocarbon compositions and concentTrations of ths environmentsw
samples examined by a mumber of screening and definitive analytical tech-
niques ars presented in this sectiom. First the chemiczal zriteria for
establishing the prasence of oil inm envirommental semples > sedimencs and
tissues ars examined in detaill through a suice of oili,ctac szzples and then
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TABLE 2-17

GAS CHROMATOGRAPHY/MASS SPECTROMETRY ANALYTICAL QUTPUTS

POLINUCLEAR ARCMATIC HYDROCARBONS

C4 to Cg Benzenes
Naphthalene

2=Mathyl naphthalene
l-Methyl naphthalene

€2 to C4 Alkyl naphthalenes
Biphenyl

Acenaphthene

Fluorene
Cy to C3 Fluorenmes

Fhenanthrene
C1 to C4 Phenanthrenes

Dibenzochiephene
Ci to C3 Dibenzothicphene

Fluoranchana

Pyrane
Ci Pyrene

Benzo(a)anthracene

Chrysene
Cy Chrysene

Benzofluoranthene:

Benzo(a)pyrene
Benzo(e)pyreane

Perylace
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these criteria applied to the sediments and tissues. Alchough sctable isotope
resulcs are incorporated {o some extent in this section, tne isotspic results
are presented in greater detail in Section 3.

2.3.1 Oi;é and Tars

The sourcs evaluation strategy for oils/tars focused on three primary
analyses: (1) FSCGC of saturated hydrocarbons to derive n-alkame information,
(2) GC/MS of aromatic hydrocarboms, and (3) stable isotope (§13c, 2D, 4345)
measurements of hydrocarbon and asphaltene fractions. The first two are
discussed in this section, with a summary of all techniques. Details of the
stable isotope analyses will be found in Sectiom 3.

2.3.1.1 UV/F Analyses

In order to astablish the UV/F pattern of a variety of weachered oil
residues from boch the Ixtoc and Burmah Agate spills, a variscy of oil/tar
samples wera analyzed by UV/F. The range of the resultanr spectra indicates
that Ixtoc and Burmah Agate oils exhibit similar fluorescence patcerns, the
lactter having a greater abundance of compounds that fluoresce in the 310~um
(two-ring) region. However, the overall spectral appearance of the two oils
is the same. In highly weathered Ixtoc residues (e.g., sample 8012-T0Q5-1001,
a 13980 beach tar, Figure 2-10), the speccrum takes on a markedly differemnt
appearance with the two-ringed aromatics seversly deplered r=larivae to che
1979 oils. Thus a range of UV/F speccral types are possible im environmenzal
samples.

2.3.1.2 Alkanes by FSCGC

A sat of 40 samples of watarborme oil, beached oil/tar, and oil asso-
ciated with organzsms was selected for analyses based on several criceria:
(1) the samples should cover the geographical range of both spill impdet
areas, (2) the samples should represent oil available %3 che zcosvstzz bHoch
in 1979 and 1980 (mid- and post~spill), and (3) the samples should reprasent
both offshere 0il and beached oil.

FSCGC analysis first focused on the n—alkane distribution in the
gamples. N¥~alkane distributions in samples exhibited varicus degrees of
weathering. As oil weathers, the n~alkanes are subject tz le~s {rom the
samples. In this spill the losses were mainly through evaperatrem. as losses
due to biodegradation were zegligiblie (Boehm and Fiest, 1980a: aclas et al.,
1980). Thus when FSCGC traces such as Figure 2-1la are transiormead %o
n-alkane relative abundance (NARA) plots, the weathering ¢f che ci. cau
clearly be seen. For example, an Ixtoc weathering sequence {7igure I~-12);
Boehm et al., 198l) dramatically shows progressive loss of c-alkanes less
than n-Cz3.
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Fiqure 2—10. UV/F Synchronous Spectra of | XTOC Qils.
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In order ta "bracket”™ the possible Ixtoc compositions on the MNARA
plots, three samples were selected as representative cf :hzece ;9ssible
weathered Ixtoc residues. The three samples chosen were obtaiced during the
Researcher/Pierce cruise (Boehm and Fiest, 1980a) to the wellhezd and during
the Loaghorn IV cruise off the Texas cocast inm Augusc 1979 as large patches
of lxtoc mousse (water—ip-oil emulsion) entered Texas waters (Pactonm et al.,
1981). These samples then served as reference oils to the 1979 oil/tar
collections. Any oil/tar alkapne compositions falling into the compositiomal
window illustrated in Figure 2-13 were judged to be Ixtoc—probable oils.

A series of oll sawples whose compositions fall within this window are
shown in Figurz 2-14. 1In contrast, two other compesitions wers observed.
The first consists of fresh and weathered Burmah Agate oils (Figure 2~15) and
the second of two paraffinic beach tars associated with neither spilled oil
(Figure 2-16).

Although all of the 1979 oil/tar samples axhibited n=alkane components,
thus allowing the evaluation presented above, the 1980 beach tar collacrion
consisted of highly weathered, n—alkane depleted petrolsum residuss (e.g.,
Figure 2-11b). These lsoprenocid-dominant FSCGC traces, the product of
wicrobial weathering, precludad n-alksane sourcs evaluation. In these cases
other source evaluatiou techniques were required (GC/MS of aromatics; stable
isotopes analysis).

2.3.1.3 Aromatic Hydrocarbons in Qils/Tars by GC,/ME

For this study the aromatic hydrocarbon compeosition of petroleunm
has been classified inro twe groups: (1) two~ and three=ring aromatics
and their alkyl homologues, and dibenzothiophenme (a sulfur hetazscvcle)
and ics alkyl homologues, and (2) four— and £ive-ring arcmatics. The
first group of aromatic compounds is dominant in fossil fuel aromatic
composirions, especially the alkyl homologues of naphthalene, Zluorens,
phenanthrene, and dibenzothiophene, and therefore thesa 2cmgouads can pe
termed petrogenic aromatics. The second group cousists o fluawozzlere,
pyrene, benzo(a)anthracene, chrysene, benzofluoranthenas, i<unzaspsTsnes,
perylene, and their methyl homologues. These compounds, if nresanc ia
petroleum, are usually present at lower coaceatratiozn lavels thaz he
firsc group. These polyuuclear aromacic hydrocarhon (PAE) compounds are
ubiquitous in the geosphers, but their presence in tha enviromment i3
usually attributable to pyrogenic sources {combustion of fossil fuels;
Laflamme and Hites, 1978) rather than to patroleum itseif.

Phenanthrene and anthracene, both three-=ringed parent .uasubsctitutad)
compounds, are found in botch groups. However, alkyla:ted wawiers 2Z chase
homologous series are more abundaot than the parent ccupouruss La .el-ci2un,
while the parent compound is more abundant ino pyrogeni:z 27 asscublages.
Thus, the abundances of alkylated phenanchrenes/anthracsanss Talative to the
parent compuuads are keys to the determimation of the prasszcr < jetrciauz.
As petroleum weachers, the alkylated dibenzochiophenes zzc 2! lu:Izc phapan-
threnes become prominent residuals and become key diagnascic ssramecsers for
identifying oils (Boebm et al., 198l; Overton et al., is&l,.

~72-



