TABLE 2-~26

COMPARISON OF SELECTED AROMATIC
COMPOUND CONCENTBATIONS WITH HISTORLCAL DATA

(Concentration: ug-<g~l)

STOCS 1976 (1977) 1979 1980
COMPOUND STATION STUDYA- STUDY STUDY
2-Methyl Naphthalene M36 .3 - 1.3
552 0.8 (Tr) 0.4 0.2
553 0.6 - Q.9
H38 0.4 - 1-5
l-Mechyl Naphthalene M36 2.0 - Q.3
s§52 0.5 (Tr) 0.2 0.1
853 Tr - 0.2

N38 Ir ND ND

Fluoranchene 36 7.0 - 17
$52 3.2 (1.8) 1.3 1.5
§553 1.9 - 7.3
N38- 4.9 13 4.9
Pyrene M38 5.8 - 18.0
s52 4.8 (2.9 2.1 2.4

853 6.3 - 10
N33 7.% 27 8.9
Chrysane M36 5.5 - 11.0
8§52 4.9 (1.5) 1.0 0.1
853 2.0 - 3.7
N38 5.3 9.6 2.4

2lasetar and Overton, undated.
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consistently exhibit oil residues in the FSCGC traces (e.g., Figure 2-42)
while the "¥™ and "M™ statiouns contain largely background hydrocarbon
material. When o—alkane comparisops are used to match sorbent pad residues
with Ixtoc oil (Figure 2-44), che mixed source inputs become apparent and the
use of o-alkane source matching becomes 4ifficult, Even in samples largely
dominated by oil residues (see gext section) the presence of disproportionate
quantities of nu—C;5 and n—-C]7, both of phytoplanktonic origin, and 0-C;5 through
o=Czyg, of terrigenocus plaac originm, overprints the petroleaum fingerprint.

By tradition, the use of pristane and phytane ratios, to esach other and to
the adjacent n-alkaues (Table Z-14) have been uased to distinguish oil from
bliogenic matarial., While all four components. are present in oil, {mitially
with PRIS/PHY V1 and BPRIS/n—C)7 and PHY/n-C13 both less than 1, inputs

of o=C)7 from phytoplankton and pristane from zooplankton obscure the
abilicy of these ratinss to establish the presence of weathered oill residuas.

2.3.3.2 Arovmatic Hydrocarboums by GC/MS

The examination of four represaptative sorbent pad samples by GC/MS
vielded the aromatic data presented in Appendix 9.1. Lavels of individual
Group I (two and chree rTings) arcmatics ranged from nd to 140 nge.g~l wich
maximum c¢oncentrations for the alkylatad phenanthrene and dibenzochicphens
compounds. Sourcing of these apparsnt petrogenic rasidues by ratios of
these alkylated compounds indicates a strong relacion to Ixtoc oil in the
C2 and C3 ratios (Table 2-27). Stahle isotope-data on the S2L and $46
samples confirm this probable identificacion.

Group IT PAH levels in these samples are low {1-30 ng-g~l) indicating
that the:arcmatic assemblage is not scrongly petrogenic. Rather, taken
together, the high Group I levels and low Group. IT levels iodicate a stroogly
peccogenic source. of the aromatic assemblage in the sorbent pad samples.

This is. quite 3 differenc resulc from that found for the surface ssdiments
where the aromacic assemblage was found to ba highly pyrogenic.

2.3.4 Petroleum Hydrocarbous in Macroepifaunma (Penaeid Shrimp)

Seventy samples of penaeid shrimp obtained from the 1379 Wescaram Gulf,
Longhorn IV and dockside shrimp collections and forty=cne 1980 samples wers
considered in this study (see Figure 2~5 and Table 2-4 for locatiouns).

2.3.4.1 UV/F Screeping

Solvent exrracts of all samples were analyzad by syunchromous and fixed—
excitation JV/F to emable a selection of samples fo be made for subsequenc
more detailed analysis. Several experiments were performed prior to the
analysis of the entire sample set. These experiments explored: (1) the
quenching of the spectral bands by the tissue extract maswix (high lipid
coatent), (2) the threshold decaction level of oil based on incremeatal oil
addicions %o shrimp UV/F background, and (3) the addisivicy of speccral
respouse.
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This latter experiment proved most revealing. Incremental additions of
Ixtoc cil were made to a shrimp extract to examine the qualitative changes
in the synchronous UV/F spectra so as to facilitate the detection of Ixtoc
oil residues. in the tissuss. and to examine the additivity of this response.
These: incremental additions are shown In Figure 2-45. While the OV/F respouse
of the two wavelengths monitored (312 and 350 om) was additive, a substantial
312-um background was. observed. This 312-nm background had been notad before
(Boehm and. Fiest, 1980¢) in shrimp from the Texas-louisiana coasts, probably
owing to a combination of biolipid fluorescence id’ background PHC levels.
Although the additivity is apparent. (Table 2-28), the incremental (nonquenched)
respouse becomes. roughly linear only at concentrations greater than 1.0 ppm.
For a 20~ug (-2 ppm) addition of oil to the observed background, the expected
change, based on the sum of the “oil alome” UV/F trace and the “background™
trace, was in reasonable agreemenc (112 @ 312 om; 48% @ 350 nm) with that
actually observed (Table 2-28).

Pechaps. the more important part of this experiment was. the appearance of
the significant apd variable 312-mm background. The 350-mm band is not a
significant feature of the nonoiled shrimp, making the 350-am band (and/or
the 400=410 band if it appeared) more diagnostic for oil than counsideration
of the two—ringed. {312-om) band alone (Figure 2-45). The oil addition saries
reveals the significance of the 350~mm band. Alsc of importance at higher
concantraticn levels is the: nonquenched ratio of 312/350 om. Background
ratigs were roughly 5-10 while the ratio in oil was 2. Thus as concsutra—
tions. of oil increased to the Z-ppm level (Table 2-28) this ratio approaches
the: oil value. A summary of this ratio in the shrimp samples examined
appears. in Figure 2=~46, which sbows that by Zhis critericm many shrimp
samples exhibited. the potential for recent oil additions. Many of those
samples were chosen for additional analytical work by virtue of this racio
value and by virtue of a. prominenc, 350~am band (e.g., Figure 2-47).

Shrimp “No. 2 fuel oil aquivalent”™ concentracions wers calculated
based oo the 31l2-nm response in the synchronous mode and for both the 312-
and 350-nm bands inm the fixed excitation mode. Good agreement was achieved
by comparison of synchronous and fixed~=excitacion quancification zlthough, as
previously stated, these values do not represent quantitiss of “oil™ due 2o
coasiderable Jl2-nm background.

2.3.4.2 FSCGC Analysis.

Forty—six samples ware chosen for further (FSCGC) analysis based on
the UV/F results outlined above. Giam at al. (1980) have previously dis—
cussed the historical Penzeus aztecus data from the STOCS program and have
noced seasonal hydroearbon. (a~zlkane) compositional variaticas. summarized
in Figure 2-48. Based om their evaluation of the historical data, several
data treatments seemed most appropriacte for consideratiom in the mid- and
post~spill samples, pamely: (1) conasideracion of FSCGC. compositional informa-—
tion (m—alkanes) and (2) aromatic hydrocarbon data (see next secciom 2.3.4.3),
(both in view of the compositicn of the potencial sourcs matarials).
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TABLE 2~-28

UV/F RESPONSES TO INCREMENTAL ADDITICNS OF QIL IO A
TISSLZ ZXTRACT

WAVELENGTH
{nm} APPROXIMATE
OIL ADDED OIL CONCENTRATION
a1z 350 312/350 ( g) ( g*g~l dry weighr)
L 45.5 7.5 6.1 0 0
2) 47.5 8.5 5.9 1.0 0.1
» 51 11.5 4.4 2.5 0.25
4) 59 15 3.9 5.0 0.5
5) 75 2z 3.4 10.0 1.0
6) 103 53 1.9 20.0 2.0
1) 45.5 7.5 Sackground
64 o4 8.1 Expecred incremental change
(20 g addition)
{fzom oil UV/F trace)
6-1) 57.5 45.53 Chserved change
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Parameters involving alkanes and alkane/isoprenoid relatiomships were
considered co be inappropriate as diagnaostic tools due to both the comsiderable
blogenic hydrocarbeon. imputs to the shrimp (e.g., pristane, uo-C;7, o~C1§)
as well as the differential uptake of o0il by marine organisms (Neff et al.,
1976; Boebm et al., 1982) and pre-uptake weathering that ome expects im this
type of spill. Nevertheless if oue compares the historiczal data om saturated
hydrocarbons with mid— and pest-spill data (Table 2-29), some differences in
the parametrer means are revealed. However, due to the wide wvariabili:y in
these data and due to the fact that almest nene of the alkane variab-lity can
be ascribed to.petroleum additions, we view this comparison o saturated
hydrocarbon parameters to be inappropriate for this assessment study.

Four distinctly different composiZicnal patterns were observed (Fig=—
ures 2-48 and 2Z-49) based on the saturated hydrocarbon composition. A4
gummary of the total hydrocarbon data, by FSCGC type, appears in Table 2-30.
Detailed data appear im Appendix 9.1l. Type 1 (Figure 2-50) is characreristic
of a fresh oil and was found ln ome sample from 1979 (Sector WQO7, July 1979,
in the mortherm part of the study area). This sample predates the observable
oovement of Ixroe oll into the study area. The n-alkane pattern does not
match Ixtoc oil nor does the aromatic hydrocarbon data (see aext section).
Several Type 2 samples assoclatad with weachered oil (Figure 2-51) were found
in 1979 from sector W06 (August and November 1979) and from sector WOS
(December 1979). These residues, winich are characterized by a prominenc
mid=-boiling UCM and an overriding seriles of braunched/isopremoid hydrocarbons,
are characteriscic of assimilated petroleum residues subjected to weachering
and differential uptake (Boehm at al., 1982). No definitive source caa be
agsoclated with these residues from FSCGC data. Chromatogram types 3 and 4
are similar ¢o those cbasrved by Gilam et al. (1980) (see Figure 2-49).

Type 3 is characterized by a prowinent series of high molacular weight
o—alkanes usually without a sigmificanr underlying UCM.. This diseribution is
commonly encountered im coastal animal populations (Boehm, 1980) amd although
its precise source i3 not known (though believed to be ralated to microbizl
activicy), 1t is not petroleum—related. A similar pattern was ascribed to a
seasonal diecary influence (Spring) by Giam ec al. (1980Q).

Type 4 distcributions have been obsarved by Giam ec al. (1980) in winger
samples from the STOCS area. It includes samples having bimodal n—-alkane
discributions usually over a minor-co-moderate bimodal JCM, with or without
3 slighc odd-carbeu predominance in the n~Cy5 to n=C33 regiom (L.e., of
sedimentary origin}. These samples are influenced by a chronic petroleum
izput or iopurs, buf are poc related to any recent oil spills.

Most of the recent petryoleum inpufs seen in the gamples result in PHC
concencractions between 15 and 40 ppm compared with background values from
0.2 to 8 ppm. The incidence of receat PHC addirions, including fresh and
weathered oils, is conflped to the norcherm part of the sgudy area (sactors
W05 [n=l], WO6 [n=3], and WO7 ([a=l] in 1979, and sectors W07 [o=2], X10
(a=1], Z03 (n=l], and Y04 [a=l] in 1980). Note that the W sectors (Figure
2=6) are well outside of rhe STOCS study area (X03,04; Y03,04, 203.04). Thus
the W sectors and X10 sector ¢ould very well have been influencead by other
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TABLE 2-30

SUMMARY OF QUANTITATIVE PENAFEUS AZTECUS DaTA
BY FSCGC TYPE

(vg-g~1)
YEAR
COMPOSTITIONAL

TYPEZ 1979 1980

1 37 (o=L) none
2 16.1 > 5.1 (n=5) 20.9 hd 8.7 (n=d)
3 3.3+16 {(n=4) 7.5 + 5.5 (o=4)
&4 beod *+ 2.0 (n=6) 2.0 *> 0.9 (a=14)
5 (clean) 2.2 * 1.3 (u=a4) 2.0 * 1.3 (a=4)

AType refers to Figure 2-49.
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inputs to the region, including industrial activities near Galvestou and the
Mississippi River inputs, as well as a myriad of point scurces (e.g., drill
rigs, tanker discharges, atc.). As will be demouscrated in the aexr seection,
ouly cne of the aromatic hydrocarbon residue assemblages can be ascribed to
Ixtoc spill ipput and aot to Burmah Agate oil.

Additionally, if only the samples from the STOCS region are cousidered,
most (15 of 20 = 75%) of the 1980 samples. anmalyzed by FSCGC fall iaco Type 4
composition, as do umearly all (6 of 7 = 86%) of the 1979 FSCGC samples. Thus
the Giam ec al. (1980) winter GC-type (Figure 2-48) was the predominant
FSCGC type observed here., However, Glam et al. (1980) report little Lf any
UCM material, while many of the 1979 and 1980 Type 4 samples contained
unimodal or bimodal UCM. We belisve these QM distributions are chronic
additious to the biota rather thar spill related, as we have seen these UM
distributions in tissues from the Western Gulf previously (Boebm and Fiest,
1980c). PAH compounds (see next sectison) sccompany these chronic pollutant
UCMs and account for many of che UV/F 312/350 ratios im the & to 5 aromacic
ring range previously noted.

2.3.4.3 Arovmatic Hydrocarbons ia Shrimp by GC/MS

To assess the impact of the Ixtoc I incident on the Texas Gulf Coast
marine ecosystem, Che aromatic hydrocarbon content of seventeen shrimp
samples was determined by GC/MS. although aromatic hydrocarboas are kmown
chemical cazrcinogens, their effscts on marine ecosystems ars presently
unknowm (King, 1977). Bence, any data pertaining to the arcmatic content
of marine organisms: exposed tg a2 petroleum coutaminated enviromment are of
importanca. The petrogenic (Group I) aromatic and pyrogenic PAH (Group II)
content of the shrimp analyzad in this study is presented in Appendizx 9.1 and
sunmarized in Table 2-31.

Most samples- contained only minimal amouncs of four— and f£ive~riaged
aromatic compounds (pyrogenic PAH). Fluoranthene and pyrene were the only
prevalent aromatics, usually presant at concentrations of 1 to 3 ng-g'L.

In only two samples (owe at Stacion W05 and ome at Statien W06) were all the
Group 1I aromacics present.

The: petrogenic aromatic countent of shrimp was wused to determine whether
perroleum hydrocarbons had been incorporated inco this part of the Taxas 0OCS
acogystam. In particular, alkyl phenanthrene~alkyl dibenzothiophene ratios
were again examined to define the level of countaminacion and a pessible
source, as wag doune for sedimencs (see Section 2.3.3.3). Using this crigerionm,
eleven of seventeen shrinmp samples were found to have significant quancicies
of petrogenic aromatics which would suggest petroleum hydrocarboen uptaks., 4
summary of the alkylated phenanthreme=-dibenzothiophene racins is presented in
Table 2-31, The ratios for the Ixtoec I oil and Burmah gafe @il are presented
elsewhere (see Section 2.3.1.3). In only one shorimp sample do the ratios
compare favorably to those of the Ixtoec I oil (Station W06, Sepcember 1970).
For all other samples the ratios, although gemerally similar to sach other,
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TABLE 2-31

ALKYL PHENANTHRENE-ALKYL DIBENZOTEIOFPHENE

RATIOS IN SHRIMP SAMPLES

TOTAL AROMATICS
(ng-g~L)

STATION DATE GROUP 1 GROUP 2  CyP/CyDBT CyB/C,DBT C3P/C3DBT
wo3s DEC. 1979 380 33 3.15 2.86 5.78
W06 ADG. 1979 70 2 not enough aromatics present to. calculate
w06 SEPT. 1979 110 7 1.18 0.48 0.34
woé NOV, 1979 710 53 3.00 3.03 4.52
w06 NOV, 1979 200 6 3.95 -— -

wo7 SEPT. 1979 220 14 3.02 2.91 4.68
wo7 OCT. 1879 450 2 3.12 3.06 2.00
wo7 JAN. 1580 10 2 not enough aromatics present to calculata
Y04 ocT. 1979 120 9 4,06 3.00 1.88
104 NOV. 1979° 130 8 not enough aromatics present to calculatze
X07 SEPT. 1979 10 ND not enough aromatics preseant to calculate
Go3 DEC. 1580 20 2 not enough aromatics present to calculats
546 DEC. 1980 50 3 7.64 5.11 -—

MO4 DEC. 1940 10 i not enough aromatics present to calculate
MO5 DEC. 1980 20 1 4,33 1.50 -~

M24 DEC. 1980 50 3 6.10 2.43 1.33
M3& DEC. 1980 50 5 6.25 2.17 2.87
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are quite diffarent than either the Ixtoc I or Burmah Agate ractios. This may
be explained as being the resulr of prefarential uptake of ¢ertaio aromatics,
preferential merabolism ¢f certain arcmarics, or uptake of petroleum from an
unknown source. Petrogenic aromatics are in che shrimp tissues prior to
either spill impact (Stacion W06, August 1979) and the elevated P?/DBT ratios
are characteristic of the shrimp prior to the Burmah Agacte spill,

The petrogenic aromatics. are far more abumdant in the shrimp thaa the
pyrogenic- PAH, thus completely decoupling the shrimp from the surface sedi-
ment hydrocarbon composition, but perbaps not from the petrolenm—aromatic—
rich macerial found in the water columm in the sorbent pad samples.

2.3.5 Quality Control Program

To ensure the gquallity of data geperatad during an analytical program of
this type, two forms of quality control were employed: inocermal and externmal.
The former involves: (1) monitoring the levels of the compounds of concern
(PHC and PAH) in procedural blanks; (2) the daily calibratiou of instrumenrcs,
calculation of respomse factors, and monitoring of column performance; and
(3) roucine analysis of sample splizs (duplicates). The results of these
duplicace analyses are presentad in Tables 2-32 and 2-33. Additicunally,
"blind™ apiked samples. (PAH) wers analyzed by che GC/MS facility periodically
during this standy and resulis always fell wichin +12 percenc of actual value.

This program was unique im that the successful completion of five major
“"extarmal” quality control alements wers required prior fo and during the
program. Three intercalibracion sxercises using zctual environmental samples
(one performed im duplicate) and an m~site working evaluation wers under=
takan. The pertinent results of the Duwamish Il sediment, the Texas IRM, and
the EPA Megamussel (twice during the program) are shown in Tables 2-34, 2-335,
and 2-36. The first successful apalysis of the Duwamish Il sedimenc sample
for a. complex arvay of PAH and alkane components was accomplished by ERCO
under chis contract. The source of the discrepancies. in the Taxas IRM sample
are oot known, although sample haterogeneity as well as aerrors in eirher of
the two parcicipating laborarories are possibilicies. The ochar results
show axcellant agreement between the two participating laboratorias (NOAA/NAF
and ERCO) and with other premier laboratorias, and are better thao previcusly
accomplisied in other published scudies (e.g., MacLeod et al., 1981; Hilpert
et al., 1978; Wise ec al., 19380; Parzington, 1978).

Additlonally, a team of amalytical chemists from J&W Scieneific and
NOAA/NAF were dispatched to ERCO to evaluate our performance and fo exchange
informatlion. The results of this visit plus those of the intercalibration
exarcises indicated that “state—of-the—art” analyses were deing employed
successiully in this program (Calder, 1981).
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TABLE 2-32

PRECISION OF SATURATED HYDROCARBON MEASUREMENTS

STATION STATION STATION
G03 M26 S04
Compound
(Parameter)

(ug-g~l) 1 2 3 1 2 3 1 2 3
Total alkanes 0.26 0.37 0.36 g.01 0,02 0.03 1.3 1.2 0.9
Sum low g0.01 0,01 Q.01 0.003 0.003 0.006 0.0G3 0.002 0.00L
Sum. mid Q.06 Q.05 0.Q03 0.002 0.006 0.003 c.14 Q.18 0.10
Sum high 0,19 0.31 0.32 0,005 0.021 0.0156 L.4 L.0 0.8
n=C17 0.005 0.004 0.005 0,00l 0.001 0.00L 0.003 Q.008 nd
Pristane 0.005 0.004 0,004 ad od od ad 0.003 ad
1-Crg 0.C31 0.035 0.033 ¢.001 0.001 Q.002 0.11 Q.16 0.12
n=Cag 0.039 0.092 0.087 0.002 0.003 0.004 C.17 Q.24 0.23
Total aydrocarbons 6.9 3.4 9.4 1.1 0 0.28 Q.73 .5 15.0 15.8
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TABLE 2-33

PRECISION OF AROMATIC HYDROCARBON MEASUREMENTS ( STATION S04)

COMPOUND CONCENTRATION (ng-g~l)

Rep 1l Bep 2
Naphthalene ND 1.1
2-mathyl naphthalene ND Q.4
l=methyl a2apochalene. Nis) Q.1
Pheranthrene 2.4 2.8
Mechyl phenapthrans 5.2 6.3
Dimechyl anaphthalene 3.3 5.8
Fluoranthene- 3.5 2.2
Pyzane le.l 3.7
Benzanchracsge. 5.8 r.z
Chrysene 8.5 7.8
3enzofluarazchene: B.1 2.9
Benzo(e)pyransa 10.9 9.1
Benzo(a)pyTane 8.4 8.4
Perylens 7.l 1.1
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