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Hydrocarbons in Hair, Livers and Intestines of Sea Otters (Enhydra
{utris) found Dead along the Path of the Exxon Valdez Qil Spill

Marine Mammal Study 6-3
Final Report

Study History: Marine Mammal Study 6 (MM®6), titled Assessment of the Magnitude, Extent
and Duration of Oil Spill Impacts on Sea Otter Populations in Alaska, was initiated in 1989 as
part of the Natural Resource Damage Assessment (NRDA). The study had a broad scope,
involving more than 20 scientists over a three year period. Final results are presented in a
series of 19 reports that address the various project components.

Abstract: Aliphatic and aromatic hydrocarbons were analyzed in hair, liver and intestinal
samples taken from dead sea otters (Enhydra lutris) collected in spring and summer 1989 from
Prince William Sound, the Kenai Peninsula and Kodiak Island, along the path of the Exxon
Valdez oil spill. Hair showed significant differences in hydrocarbon concentrations among the
three locations, but few significant differences were noted for liver or intestine samples. The
highest concentrations of both aliphatic and aromatic hydrocarbons were measured in hair
samples from Prince William Sound. Hair samples from Kenai were also relatively high, and
hair samples from Kodiak had the lowest concentrations. The lower molecular weight
hydrocarbons in hair samples were absent or present only at very low concentrations,
indicating that the oil had weathered by the time the samples were collected. Hydrocarbon
concentrations in intestine and liver samples from the three locations were generally similar
and low, suggesting that uptake into the tissues was limited, or that hydrocarbons within the
tissues had been metabolized by the time samples were collected.
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EXECUTIVE SUMMARY

Aliphatic and aromatic hydrocarbons were analyzed in hair, liver and intestinal samples taken
from dead sea otters (Enhydra lutris) collected in spring and summer 1989 from Prince
William Sound, the Kenai Peninsula and Kodiak Island, along the path of the Exxon Valdez oil
spill. Hair showed significant differences in hydrocarbon concentrations among the three
locations, but few significant differences were noted for liver or intestine samples. The highest
concentrations of both aliphatic and aromatic hydrocarbons were measured in hair samples
from Prince William Sound. Hair samples from Kenai were also relatively high, and hair
samples from Kodiak had the lowest concentrations. The lower molecular weight
hydrocarbons (C10-C14; naphthalene, C1-, C2- and C3-naphthalene) in hair samples were
absent or present only at very low concentrations, indicating that the oil had weathered by the
time the samples were collected. Hydrocarbon concentrations in intestine and liver samples
from the three locations were generaily similar and low, suggesting that uptake into the tissues
was limited, or that hydrocarbons within the tissues had been metabolized by the time samples
were collected.
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INTRODUCTION

Following the grounding of the T/V Exxon Valdez on Bligh Reef in northeastern Prince
William Sound (PWS) on March 24, 1989, oil spread over a linear distance of greater than 700
km and contaminated an estimated 5300 km of coastline. By March 30, 1989, oil had moved
out of PWS into the Gulf of Alaska, spreading southwest along the Kenai Peninsula. An
estimated 25% of the original 41.3 million liters of crude oil drifted out of PWS, reaching as
far southwest as Shelikof Strait, adjacent to Kodiak Island (Galt and Payton 1990, Galt et al.
1991).

Much of the area affected by the spill was prime sea otter (Enhydra lutris) habitat. Sea
otters are particularly vulnerable to o1l contamination as the oil fouls their fur and destroys its
insulating ability (Costa and Kooyman 1982; Geraci and Williams 1990). Documented acute
mortality of sea otters was high, with a total of 871 sea otter carcasses recovered from the spill
area (Ballachey et al. 1994). However, it is likely that a significant proportion of carcasses
were not recovered, and that total mortality may have been as high as several thousand sea
otters (DeGange et al. 1994).

The concentrations of hydrocarbons present in tissues of sea otters from southeast
Alaska, animals which were not known to have experienced exposure to a petroleum spill, are
very low (Ballachey and Kloecker 1997a). Hydrocarbon concentrations in sea otters from
PWS that died within a few days of the spill and were heavily contaminated with oil on the fur
when recovered are much higher than those found in the unoiled animals trom southeast
Alaska, or in unoiled otters recovered in PWS after the spill (Ballachey and Kloecker 1997b).
The PWS oiled animals were exposed to relatively fresh oil. As the oil moved through the
Gulf of Alaska, its hydrocarbon constituents changed, and exposure of sea otters in areas
further from the site of the spill may have differed in incidences and concentrations of
individual hydrocarbons.

We report herein the concentration and composition of petroleum hydrocarbons in
samples of hair, liver and intestine taken from sea otter carcasses recovered in spring and
summer 1989 from several locations along the drift route of the oil spilled from the T/V Exxon
Valdez.

METHODS AND MATERIALS
Animals

Sea otter carcasses were recovered from sea and shore searches in western PWS, along
the southeastern shore of the Kenai Peninsula, and on the northern islands of the Kodiak
Archipelago. Information on the otters is presented in Table 1. External oiling of the
carcasses was subjectively classified at the time of arrival at the morgue or at necropsy as light,
moderate or heavy. All carcasses from PWS were classified as lightly oiled; carcasses from
Kenai and Kodiak included some judged as moderately and heavily otied. Carcasses from
PWS were recovered between April 17 and May 1, 1989. Carcasses from the Kenai Peninsula
were recovered between April 26 and August 8, and carcasses from the Kodiak Island area
were recovered between May 26 and August 29, 1989. The exact locations and times of death
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of the animals were not known. Upon return to the collection centers, carcasses were frozen
until necropsied in the summer of 1990.

At necropsy, samples of hair, liver, and intestine were removed using solvent-rinsed
instruments and placed in specially cleaned sample containers (Eagle Picher Environmental
Services. Miami, OK). Samples were kept frozen at -20°C in the dark until analyzed, within 9
months of collection.

A total of 13 hair samples were analyzed: five from PWS, two from the Kenai
Peninsula, and six from Kodiak Island. A total of 15 intestinal tissue samples were analyzed:
six from PWS, three from the Kenai Peninsula, and six from Kodiak Island. A total of 29
liver samples were analyzed: six from PWS, nine from the Kenai Peninsula, and 14 from
Kodiak Island.

Analytical Methods

Hydrocarbon analyses were done by the Geochemical and Environmental Research
Group (GERG), College Station. Texas. The tissue extraction and analytical methods used
were initially developed by MacLoed et al. (1985) as modified by Wade et al. (1988, 1993)
and Jackson et al. (1994). The concentrations of 28 aliphatic and 39 aromatic primary analytes
were measured.

Briefly, samples weighing approximately 2 g (liver, intestine} or 10 g (hair) were used
for the analysis. After the addition of internal standards (surrogates} and 50 g of anhydrous
sodium sulfate, the tissue was extracted three times with dichloromethane using a tissuemizer.
The extract was fractionated by alumina:silica open column chromatography. The extract was
sequentially eluted from the column with pentane (aliphatic fraction} and
pentane-dichloromethane (aromatic fraction). The aromatic traction was further purified by
HPL.C to remove lipids.

Quality assurance for each set of 10 samples included a procedural blank and a sample
spiked with all calibration analytes (matrix spike) which were carried through the entire
analytical scheme. In addition, a laboratory reference oil from the T/V Exxon Valdez was used
to confirm the identity of alkylated polyaromatic hydrocarbons when no standards were
available, and act as a reference oil. All internal standards (surrogates) were added to the
samples prior to extraction and were used for quantification.

Aliphatic hydrocarbons (n-C10 to n-C34 including pristane and phytane) were separated
by gas chromatography in the split-less mode using a flame ionization detector. Analyte
amounts were calculated using the surrogate standards.

Aromatic hydrocarbons were separated and quantified by gas chromatography-mass
spectrometry (GC-MS). The mass spectral data were acquired using selected ions for each of
the polyaromatic hydrocarbon analytes. The GC-MS was calibrated by injection of a standard
component mixture at tive concentrations ranging trom 0.01 ng/ul to 1 ng/ul. Sample
component concentrations were calculated from the average response factor for each analyte.
Analyte identifications were based on correct retention time of the quantitation ion (molecular
ion) for the specific analyte and contirmed by the ratio of the confirmation ion.

A calibration check standard was run three times during the sample runs (beginning,
middle and end), with no more than 6 h between calibration checks. The calibration check was
confirmed to maintain an average response factor within 10% for all analytes, with no one
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analyte greater than 25% of the known concentration. With each set of samples, a laboratory
reference sample (oil spiked solution) was analyzed to confirm GC-MS system performance.
Analytical data are always estimates of the concentrations of the compounds being
measured; however, the uncertainties of the estimated concentrations can be assessed. The
minimum concentration of a substance that can be measured and reported with a specified
statistical confidence that the analyte concentration is greater than zero can be determined and
is sometimes termed the method detection limit (MDL}. Using spiked oyster (Crassostrea
virginica) tissue samples (n=7) obtained from the Gulf of Mexico, GERG estimated the MDLs
of the hydrocarbon analytes at the 99% confidence level. Individual hydrocarbons detected in
tissues at concentrations lower than the computed MDL were reported by GERG. Values of
estimated MDLs, and concentrations of individual hydrocarbon analytes in each sample are
presented in the Appendix (MDLs - Table A-1; aliphatics - Table A-2; aromatics - Table A-3).

Data Analysis

For each sample, MDLs for specific analytes were calculated as the ratio of the
absolute weight MDL (ng; Table A-1) to the sample wet weight. Hydrocarbon concentrations
that are above the MDL are indicated in bold-face in Tables A-2 and A-3. In Figures 1-18,
MDL’s for each analyte are included. MDL points for each analyte are connected by a solid
line to more readily distinguisk them from the data points on the graph. For Figures 1-6,
showing hydrocarbon concentrations in hair samples, MDLs for each sample are included.
However, for Figures 7-18 (showing intestine and liver), rather than present the MDL for each
sample. we computed the mean MDL for all samples of that tissue type from otters in each
area. For example. the MDLs shown in Figure 7 are the mean MDLs for all intestine samples
from the PWS otters with values graphed in that figure. This use of a mean MDL for intestine
and liver samples was based on the fact that, within an area and tissue type, sample weights
were relatively similar, so MDLs also were similar.

Kruskal-Wallis tests were used to compare the hydrocarbon concentrations among
areas, within each tissue type. MDLs were computed for each sample, based on its wet
weight. All values below the MDL were treated as tied, and the average rank was assigned to
ties. P-values obtained were asymptotic, relying on a Chi-square approximation (df=2) to the
distribution of the Kruskal-Wallis statistic. If a hydrocarbon was below MDL. in all groups
(1.e., tied), the Kruskal-Wallis p-value was 1.00.

If the overall p-value from the Kruskal-Wallis test was less than or equal to 0.125, then
Wilcoxon rank sum tests were also performed, comparing PWS to Kenai, PWS to Kodiak, and
Kenai to Kodiak. This test treated ali values below detection as tied, and performed all
possible permutations of the ranks to obtain p-values.

RESULTS
Kruskal-Wallis and Wilcoxon p-values are presented in Tables 2 (aliphatics) and 3
(aromatics). Significant differences among areas (p <0.04) were obtained for analytes in hair
samples. The two-way tests identified that these differences were not between PWS and

Kenai, but between PWS and Kodiak, and, to a lesser extent, between Kenai and Kodiak.
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Very few significant differences were detected for intestine or liver.

Hair. Generally, two of the five PWS samples had relatively high concentrations of
hydrocarbons, two were intermediate and one was low (Figures 1, 4). The two “intermediate”
PWS samples were similar to the two Kenai samples (Figures 2,5). The Kodiak samples
included one that was similar to the “low” PWS sample, and five with even lower
concentrations (Figures 3,6).

The low molecular weight n-alkanes (C10 to C14) were not detected or were present at
very low concentrations (less than 6 ng/g, except for one PWS sample with a C14
concentration reported at 20 ng/g) in hair from all locations. No significant differences were
identified among locations for these compounds (Table 2). However, there were statistically
significant differences between PWS and Kodiak for alkanes C15-C34, pristane, phytane and
UCM. Some differences in these alkanes were also noted between Kenai and Kodiak samples.
In samples from PWS and Kenai. alkanes C15 to C34 were present as a series, with relatively
low concentrations of C15 and C16, high concentrations of C17 through C26, and moderate
concentrations of C27 through C34. Pristane and phytane were measured in approximately
equal concentrations, and UCM’s were relatively high in PWS and Kenai samples. The alkane
series showed generally much lower concentrations in the Kodiak samples, and in three of the
six Kodiak samples, many analytes were reported at zero concentration. The UCM was
present in four of the six hair samples from Kodiak, but concentrations were low (<20 ug/g).

The aromatic hydrocarbon concentrations also were much higher in the hair samples
from PWS and Kenai than from Kodiak. Differences between PWS and Kodiak were
identified more frequently, and were of greater significance, than differences between Kenai
and Kodiak samples. PWS and Kenai samples did not differ significantly. Naphthalene, C1-
naphthalene, and C2-naphthalene were relatively low in all samples, although PWS samples
tended to have highest concentrations of these compounds. Concentrations of the alkylated
derivatives of fluorene, phenanthrene, dibenzothiophene and chrysene were generatly lower at
Kodiak than at the other two locations. Three of the six Kodiak samples (those with higher
concentrations of alkanes) had concentrations of C3- and C4-naphthalene, C2- and C3-
fluorene, phenanthrene and its alkylated derivatives, C2- and C3-dibenzothiophene, and
chrysene, Ci- and C2-chrysene detected at concentrations above the MDL, although lower
than PWS or Kenai. The remaining three samples from Kodiak had essentially all alkylated
derivatives reported at zero concentration.

Intestine. There were essentially no significant differences in concentrations of either
aliphatic or aromatic hydrocarbons among intestine samples from the three locations (Tables 2,
3). Several samples from Kodiak had relatively high levels of compounds in the C10-C17
series, but similar elevations generally were not seen in samples from other areas (Figures 7-
9). Very few aromatic compounds were detected at concentrations above the MDL (Figures
10-12). Naphthalene, C1- and C2-naphthalene were reported at very low concentrations
(below MDL) for all samples; C2- and C3-naphthalene were detected in only three samples
(two from PWS, both below MDL, and one from Kodiak, above MDL). Alkylated derivatives
of fluorene, phenanthrene, dibenzothiophene and chrysene were reported at zero concentration
in all samples except that from a single PWS otter, VD294,



Liver. Similar to samples of intestine, liver showed essentially no significant
differences among the three locations in concenirations of either aliphatics or aromatics (Tables
2,3). Phytane concentrations, however, tended to be lower in samples from Kodiak than from
the other two areas, and UCM concentrations higher in PWS samples.

Concentrations of aliphatic compounds generally were low in all liver samples.
However, one sample from Kenai (HDO10) had relatively elevated concentrations of alkanes
Cl11 to C29, and high levels of pristane and phytane, and two sampls from Kodiak (KD107 and
KD2137) had elevated concentrations of the C20 to C30 series. In addition, several Kodiak
samples and one PWS sample had relatively high concentrations of alkanes in the C10 to C17
range, particularly C15 and C17.

Aromatic hydrocarbons were also low in liver samples from all three locations and
were generally detected at concentrations below the MDL. Naphthalene and its alklylated
derivatives were detected at concentrations above the MDL in several samples from each area.
A single sample, KD107, was an exception to the gencral pattern of aromatics: concentrations
of alkylated derivatives of fluorene, phenanthrene, and dibenzothiophene were detected at
levels above the MDL (most other samples were reported at zero for these compounds) and

-concentrations of C1- and C2-chrysene were detected, although below MDL.

DISCUSSION

The presentation and discussion of hydrocarbon data which are quantitatively less than
the calculated MDL for each hydrocarbon are controversial (Rhodes 1981, Berthouex 1993).
MDLs are statistical values obtained trom replicate analyses of samples with known quantities
of the compound of interest. In the literature, hydrocarbon concentrations which fall below the
MDL are presented in various ways: as “trace”, “not detected (ND)”, “ <MDL.", zero, or
some incremental number between zero and the MDL. Alternate strategies, which include
simply presenting the measured concentration regardless of its relationship to the MDL,
presentation of both the measured concentration and the MDL., or giving the measured
concentration followed by a statistical estimate of its precision, are considered superior
(Berthouex 1993, Gilbert 1987). These methods prevent the discarding of useful information
which occurs with the former metheds, all of which censor some of the data.

In this report, we have chosen to present all measured concentrations of hydrocarbon
analytes and their MDLs, and to focus our discussion on those values that exceed the MDL.
However, for data analysis using the Kruskal-Wallis nonparametric test, concentrations below
MDL were treated as tied, and thus significant p-values are obtained only from data that were
above MDL levels.

Because the statistical analysis was conducted for each hydrocarbon analyte, we have a
large number of p-values. The most conservative approach to interpretation of these p-values
would be to apply a Bonferroni correction, and only consider those values below an adjusted p
(in our case, with 67 hydrocarbon analytes and assuming an initial level of significance at p =
0.05, the adjusted p value would be 0.05/67 = 0.0007). We have chosen not to use the
Bonferroni correction, but instead relied on observation of consistent patterns of low (< 0.05)
p-values, which can be interpreted in consideration of our knowledge of the constituents of oil.

As oil that is spilled into the environment ages. its individual constituent hydrocarbons
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are lost or changed by the action of air, water, and physical and biological processes. The
compounds that would have been lost most rapidly after the spill are those of lower molecular
weights, including alkanes C10 to C14, and aromatics naphthalene and its alkylated derivatives
(Cretney et al. 1974, Harrison et al. 1974, NRC 1985, Payne et al. 1991). Because the three
study areas vary in distance from the site of the spill (PWS is closest, and Kodiak farthest), and
in time elapsed between the spill and arrival of the oil in those areas, it was thought that the
composition of the oil to which sea otters were exposed may have differed. Although initial
exposure may have differed, by the time of sampling for this study. cur data show similar
patterns of hydrocarbons in hair samples from the three areas. However, concentrations of
hydrocarbons differed among areas, with PWS samples generally having the highest, and
Kodiak samples the lowest, concentrations.

Although external oiling was classified (light, moderate or heavy} for all otters in this
study when carcasses were delivered to morgues, classifications were subjective and it is
unlikely that they were strictly comparable across areas. The lightly oiled otters recovered
from PWS actually may have been called heavily oiled had they been recovered in another
area. Thus, the fact that “lightly” oiled PWS otters had higher concentrations ot hydrocarbons
in their pelage than did lightly oiled otters from the other areas perhaps is not surprising. No
hair samples were collected from otters classified as moderately or heavily oiled, presumably
because the oil contamination was obvious and it was not thought that there would be a need to
validate its presence.

The lower molecular weight hydrocarbons, both aliphatic and aromatic, are very low or
missing from hair samples collected in all locations, presumably reflecting that sufficient time
had passed since the spill for weathering of the oil on the pelage. In fact, concentrations of
naphthalene measured in hair samples were actually lower than observed for any sea otter
tissues, including those of non-oiled otters from a non-contaminated area in southeast Alaska
(Ballachey and Kioecker 1997a).

The aromatic compounds that generally were detected at concentrations above the
MDLs in hair samples were alkylated derivatives, including C3- and C4-naphthalene, and the
alkylated derivatives of fluorene, phenanthrene, dibenzothiophene, and chrysene. Typically,
these derivatives showed a pattern in which the parent compound was lowest, and the C2-
compound was present at a higher concentration than the C1- compound. This pattern is
typical of crude oil, and strongly suggests that crude o1l was the source ot hydrocarbon
contamination (NRC 1985, Hellou 1996).

Ballachey and Kloecker (1997b) report on intestine and liver samples from sea otter
carcasses with heavy external oiling recovered in PWS about two weeks prior to the collection
of PWS carcasses included in this study. Concentrations of both aliphatic and aromatic
compounds in samples from the heavily oiled animals were generally much higher than
concentrations observed in the lightly oiled otters. This may reflect lower exposure or,
possibly, greater capacity of the less severely oiled otters to metabolize hydrocarbons that were
transported into their tissues, perhaps because death following exposure was not so rapid.
Quantification of either cytochrome P450 levels or of hydrocarbon metabolites in the tissues
might provide greater insight iutc exient of exposure «mong animals.

The elevated levels of C10-C17 seen in livers and intestines of Kodiak otters may
reflect a biogenic source. Although diets of otters in the three areas are thought to be similar,
Kodiak has a greater presence of macroalgae than either PWS or Kenai (J. Bodkin, pers.
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comm.). Macroalgae are a biogenic source of alkanes including C15 and C17 (Clark and
Blumer 1967}, and thus may contribute to observed differences among areas in sea otter tissue
alkanes.

Liver samples from one Kenai otter (HD010) and two Kodiak otters (KD107 and
KD2137) had concentrations and distribution of aliphatic hydrocarbons similar to patterns
frequently observed for heavily oiled PWS otters (Ballachey and Kloecker 1997b). HDO010 and
KD107 were both classified as heavily oiled, and KD2137 was moderately oiled. [t may be
that exposure was greater for these otters, and the time between exposure and death shorter,
than for other otters from those areas, with the consequence of higher concentrations in liver
tissues. ‘

A single liver sample, from sea otter KD107, had relatively high concentrations of
alkylated derivatives present, and non-zero concentrations of C1- and C2-chrysene. These
have not been reported in other tissue samples, including livers from heavily oiled PWS otters
(Ballachey and Kloecker 1997b). The only tissue in which alkylated derivatives including
chrysenes have been previously reported was intestine from a single heavily oiled otter in PWS
Ballachey and Kloecker 1997b) and, in that case, it appeared that there had been surface
contamination of the tissue rather than absorption of the hydrocarbons into the tissue. It seems
likely, therefore, that the liver sample from KD107 may also have been contaminated, perhaps
during the collection process.

CONCLUSIONS

Differences were observed among PWS, Kenai and Kodiak in concentrations of
hydrocarbons in hair samples taken from sea otter carcasses, with PWS having the highest
concentrations and Kodiak the lowest. Three sea otters from the Kodiak area, visually
classified as lightly oiled, had low but detectable concentrations of hydrocarbons in their hair
samples. In contrast, three additional hair samples from Kodiak, also from otters classified as
lightly oiled, had extremely low concentrations, well below MDLs. This difference may have
resulted from variation among animals in the actual extent of external oil contamination.
However, if the classification of external oiling was accurate, this finding suggests that hair
may not be useful as a tissue for sampling to evaluate oil exposure. Hydrocarbon
concentrations in liver and intestine from oiled sea otters were, for many samples, not largely
different from those measured in non-oiled otters, suggesting that analysis of hydrocarbon
analytes in tissues also is not a useful approach to evaluating oil exposure. Uncertainties about
actual exposures (amounts and duration) make interpretation of these data more difticult.
Controlled studies of tissue hydrocarbon concentrations and metabolic responses to exposure to
crude oil in sea otters and other mustelids would be of value. In the event of another oil spill
affecting sea otters, examination and necropsies of carcasses would be most reliable for
determining oil exposure.
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Table 1. Histories of sea otters from Prince William Sound (PWS), Kenat Peninsula
(KP), and Kodiak Island (KI) sampled for hydrocarbons. All animals were
recovered dead between April 17, 1989 and August 29, 1989. When possible
ages were determined by counting dental annuli.

Otter Weight Length

number Sex Recovery location Oiling" Age (y) (kg) (cm)
PWS
VD255 M Latouche 1. L 4 17.6 (28
VD271 M Latouche 1. L 7 19.7 136
VD293 M Perry I. L 4 Unknown 133
VD294 M Kunight [. L 2 13.4 116
VD382 M Knight I. L 2 15.4 121
VD451 F Green L. L 2 19.1 127
KP
HDO10 F Windy Bay H Unknown 14.5 Unknown
HDO19 F South Coast H L5 13.6 127
HDO020 F Gore Point H 12 26.4 L7
HDO(96 F Unknown H Unknown 20.4 122
HD097 F Unknown L l 1.4 97
SD008 M Resurrection Bay L 2 20.4 119
SD031 F Nuka Pass L | 10.9 98
SDO035 F Aialik P H t 13.2 104
SD0O64 M Rocky Bay M Pup" Unknown Unknown
KI

KD042 M Sturgeon R H Pup 4.5 71
KDO050 F Sturgeon R M 9 20.9 125
KDO057 F Tugidak L. M Pup 4.1 7i
KDO78 M Unknown M Pup 23 56
KDO085 F Unknown L Pup 7.3 97
KD0g9 F Puale Bay L 13 29.1 137
KD09%4 U Sharatin Bay U Unknown 13.6 119
KD 107 M Unknown H Adult 2279 109
KDI110 M Unknown L ] 18.2 107
KD11i9 F Unknown L Unknown 20.4 117
KD143 M Unknown L Unknown 22.7 127
KD180 F Shuyak I L Pup 3.6 51
KD2137¢ M Unknown M Subadult 2.7 ol
KD2188°¢ M Unknown H Pup 1.4 41

te,
"L = light, M = modera

" Pup refers to <1 year.

¢ Otter number not assigned in 1989: 4 digit number refers to 1990 necropsy record number.

H = heavy oiling.
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Table 2.

Results of statistical analysis comparing aliphatic hydrocarbon concentrations in
hair, intestine, and liver samples from oiled sea otters collected in Prince
William Sound (PWS). the Kenai Peninsula (KP), and Kodiak Island (KI),
Alaska, following the Exxon Valdez oil spill. The Kruskal-Wallis test was
performed on all three groups. All values below MDL were treated as tied and
assigned the average rank. If the overall Kruskal-Wallis p-value was less than
or equal to 0.125. then the regular Wilcoxon rank sum test was also performed
comparing PWS to KP, PWS 1o KI, and KP to KI.

HAIR (PWSn =5 KPn=2 KIn = 6)

p Kruskal- p Wilcoxon p Wilcoxon p Wilcoxon
ANALYTE" Wallis test n-distinct” PWS-KP PWS-KI KP-KI
C10 1 1 NA® NA NA
Cl1 | 1 NA NA NA
C12 1 1 NA NA NA
Cl13 1 1 NA NA NA
Ci4 (.4493 2 NA NA NA
Ci5 0.3144 7 NA NA NA
Clé 0.0372 11 0.3810 0.0173 0.2857
C17 0.0219 11 0.3810 0.0087 0.0714
C18 0.0158 11 0.5714 0.0087 0.0714
C19 0.0167 11 0.8571 0.0087 0.0714
C20 0.0159 9 0.8571 0.0087 0.0357
C21 (.0159 9 $.8571 0.0087 0.0357
C22 0.0159 9 0.8571 0.0087 0.0357
C23 0.0167 11 0.8571 0.0087 0.0714
C24 0.0152 9 0.8571 0.0087 0.0357
C25 0.0165 10 0.8571 0.0087 0.0714
C26 0.0159 9 0.8571 0.0087 0.0357
C27 0.0165 10 0.8571 0.0087 0.0714
C28 0.0159 9 0.8571 0.0087 0.0357
C29 0.0356 11 0.8571 0.052 0.143
C30 0.0136 9 0.3810 0.0087 0.0357
C31 0.0151 9 0.5714 0.0087 0.0357
C32 0.0136 9 0.3810 0.0087 0.0357
C33 0.0136 9 0.3810 0.0087 0.0357
C34 0.0140 8 0.5714 0.0087 0.0357
Pristane 0.0330 11 0.3810 0.017 0.0714
Phytane 0.0158 11 (0.5714 0.0087 0.0714
UcM 0.0165 10 0.8571 0.0087 0.0714
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Table 2. continued.

INTESTINE (PWSn =6, KPn = 3,KIn = 6)

p Kruskal- p Wilcoxon p Wilcoxon p Wilcoxon
ANALYTE Wallis test n-distinct PWS-KP PWS-KI KP-KI
Cl10 0.0068 6 1 0.0152 0.0714
Cl11 0.2005 3 NA NA NA
Cl12 0.0753 4 I 0.1818 0.3929
C13 (.2005 3 NA NA NA
Cl4 (.1049 6 (0.0833 0.1818 1
C15 0.1347 7 NA NA NA
Cl16 0.4782 13 NA NA NA
C17 0.2535 11 NA NA NA
C18 0.9577 11 NA NA NA
C19 0.2883 12 NA NA NA
C20 (.3088 4 NA NA NA
C21 0.7165 NA NA NA
C22 0.1443 10 NA N& NA
C23 0.6015 13 NA NA NA
C24 0.1443 11 NA NA NA
C25 0.1347 NA NA NA
C26 0.0500 4 (.0833 1 0.0833
C27 0.5519 10 NA NA NA
C28 0.0702 5 0.0833 0.4545 0.2262
C29 0.1151 5 0.0833 0.4545 0.5238
C30 0.1353 2 NA NA NA
C31 0.0138 3 0.0833 1 0.0833
C32 1 | NA NA NA
C33 1 1 NA NA NA
C34 | 1 NA NA NA
Pristane 0.1184 13 0.3810 0.0649 0.3810
Phytane 0.5117 10 NA NA NA
UCM 0.2223 11 NA NA NA
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Table 2. continued.

LIVER (PWSn =6, KPn =9, Kln =14)

p Kruskal- p Wilcoxon p Wilcoxon p Wilcoxon
ANALYTE Wallis test n-distinct PWS-KP PWS-KI KP-KI

Cl0 0.3486 5 NA NA NA
Cl1 0.2239 6 NA NA NA
C12 0.2461 6 NA NA NA
CI13 0.4678 4 NA NA NA
Cl4 0.5233 9 NA NA NA
Cl5 0.1350 12 NA NA NA
Clo 0.6157 22 NA NA NA
C17 0.5925 27 NA NA NA
C18 0.5722 13 NA NA NA
C19 0.5074 23 NA NA NA
C20 0.4588 8 NA NA NA
C21 0.6770 18 NA NA NA
C22 0.3273 13 NA NA NA
C23 0.3153 25 NA NA NA
C24 0.5702 14 NA NA NA
C25 0.6030 7 NA NA NA
C26 0.9229 6 NA NA NA
C27 0.6924 13 NA NA NA
C28 0.8971 7 NA NA NA
C29 0.5246 5 NA NA NA
C30 0.6214 4 NA NA NA
C31 0.3297 3 NA NA NA
C32 0.5853 2 NA NA NA
C33 1 1 NA NA NA
C34 1 1 NA NA NA
Pristane 0.9741 26 NA NA NA

Phytane 0.0111 21 0.5287 0.0225 0.0077

UCM 0.0121 17 0.0450 0.0010 0.9392

* Abbreviations: C10-C34: n-alkane™ UCM: unresolved complex mixture.

® n-distinct is the number of non-tied observations in the overall Kruskal-Wallis test.
* NA: p-value from the Kruskal-Wallis test was >0.125, so the Wilcoxon rank sum test was
not performed.
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Table 3.

Results of statistical analysis comparing aromatic hydrocarbon concentrations in
hair, intestine, and liver samples from viled sea otters collected from Prince
William Sound (PWS). the Kenai Peninsula (KP), and Kodiak Island (KI),
Alaska, following the Exxon Valdez oil spill. The Kruskal-Wallis test was
performed on all three groups. All values below MDL were treated as tied and
assigned the average rank. If the overall Kruskal-Wallis p-value was less than
or equal to 0.125, then the regular Wilcoxon rank sum test was also performed
comparing PWS to KP, PWS to KI, and KP to KI.

HAIR (PWSn =5 KPn=2,Kln = 6)

p Kruskal- p Wilcoxon p Wilcoxon p Wilcoxon
ANALYTE Wallis test n-distinct’ PWS-KP PWS-KI KP-KI

NAP 1 1 NA® NA NA
CIN 0.0107 7 0.1905 0.0043 0.2500
C2N 0.0167 5 (.2381 0.0152 1
C3N 0.0871 9 0.3810 0.0563 0.2500
C4N 0.0542 10 0.3810 0.0303 0.2500
BIP ! 1 NA NA NA
ANP 1 1 NA NA NA
ANH 1 1 NA NA NA
FLU 0.1767 3 NA NA NA
CIF 0.0329 6 0.4286 0.0152 0.2500
C2F 0.0216 8 0.5714 0.0152 0.0357
C3F 0.0197 3 0.3810 0.0152 0.0357
PHE 0.0156 10 0.5714 0.0087 0.0714
ANT 1 1 NA NA NA
CIP 0.0136 9 0.3810 0.0087 0.0357
C2p 0.0136 9 0.3810 0.0087 0.0357
C3p 0.0210 9 0.3810 0.0173 0.0357
C4P 0.0111 7 0.3810 0.0065 0.0357
DIB 0.0915 6 0.7619 0.1061 0.0357
C1D 0.0285 7 0.3810 0.0281 0.0357
C2D 0.0126 8 0.3810 0.0087 0.0357
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HAIR (PWSn=5,KPn =2, Kln = 06)

p Kruskal- p Wilcoxon p Wilcoxon p Wilcoxon
ANALYTE Wallis test n-distinct” PWS-KP PWS-KI KP-KI

C3D 0.0197 8 0.3810 0.0152 0.0357
FLA 0.0406 8 0.3810 0.0455 0.0357
PYR 0.0254 6 (.238 0.0152 0.25
CFP 0.0177 6 0.3810 0.0152 0.0357
BAA 0.4493 2 NA NA NA
CHR 0.0285 7 0.3810 0.0281 0.0357
C1C 0.0285 7 0.3810 0.0281 0.0357
c2cC 0.0285 7 0.3810 0.0281 0.0357
C3cC 0.0177 6 0.3810 0.0152 0.0357
C4C 0.0177 6 0.3810 0.0152 0.0357
BBF 0.0595 4 0.4286 0.0606 1
BKF (0.4493 2 NA NA NA
BEP 0.0254 6 0.2381 0.0152 0.2500
BAP 0.4493 2 NA NA NA
PER 0.1767 3 NA NA NA
IDE 1 1 NA NA NA
DBN ] 1 NA NA NA
BEQ 0.0595 4 0.4286 0.0606 1
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INTESTINE (PWSn =6, KPn = 3,KIn = 6)

p Kruskal- p Wilcoxon p Wilcoxon p Wilcoxon
ANALYTE Wallis test n-distinct PWS-KP PWS-KI KP-KI
NAP 0.7605 3 NA NA NA
CIN L 1 NA NA NA
C2N 0.4724 2 NA NA NA
C3N 0.4724 2 NA NA NA
C4N l 1 NA NA NA
BIP l 1 NA NA NA
ANP 1 l NA NA NA
ANH ! ! NA NA NA
FLU ] 1 NA NA NA
CIF 1 i NA NA NA
C2F ] | NA NA NA
C3F 1 1 NA NA NA
PHE l 1 NA NA NA
ANT l 1 NA NA NA
C1pP L 1 NA NA NA
C2p 0.4724 2 NA NA NA
cap 0.4724 2 NA NA NA
C4Pp l 1 NA NA NA
DIB ! l NA NA NA
CiD ] ] NA NA NA
2D 1 | NA NA NA
C3b 0.4724 2 NA NA NA
FLA | 1 NA NA NA
PYR ! 1 NA NA NA
CFP | 1 NA NA NA
BAA I 1 NA NA NA
CHR 1 ! NA NA NA
cic 1 1 NA NA NA
c2C l 1 NA NA NA
C3C i 1 NA NA NA
C4C 1 ! NA NA NA
BBF 1 1 NA NA NA
BKF 1 1 NA NA NA
BEP 1 1 NA NA NA
BAP 1 1 NA NA NA
PER l 1 NA NA NA
IDE ! 1 NA NA NA
DBN 1 i NA NA NA
BEQ 1 1 NA NA NA
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LIVER (PWSn =6,KPn =9, Kin =14)

p Kruskal- p Wilcoxon p Wilcoxon p Wilcoxon
ANALYTE Wallis test n-distinct PWS-KP PWS-KI KP-KI
NAP 0.0603 10 0.0440 0.6992 0.0481
CIN 0.5411 12 NA NA NA
C2N 0.9491 11 NA NA NA
C3N 0.9981 10 NA NA NA
C4N 0.1782 4 NA NA NA
BIP 0.4941 3 NA NA NA
ANP l | NA NA NA
ANH 0.5853 2 NA NA NA
FLU 1 1 NA NA NA
CI1F I 1 NA NA NA
C2F 0.5853 2 NA NA NA
C3F 0.5853 2 NA NA NA
PHE 0.8971 7 NA NA NA
ANT 1 1 NA NA NA
Clp 0.5853 2 NA NA NA
Cz2p (.3927 3 NA NA NA
C3p 0.3927 3 NA NA NA
C4p 0.5853 2 NA NA NA
DIB 1 1 NA NA NA
cCiD 0.5853 2 NA NA NA
CzD 0.5853 2 NA NA NA
C3D 0.5853 2 NA NA NA
FLA 0.3292 2 NA NA NA
PYR 1 1 NA NA NA
CFP l 1 NA NA NA
BAA ! 1 NA NA NA
CHR l 1 NA NA NA
clic 1 1 NA NA NA
c2C 1 1 NA NA NA
C3C 1 I NA NA NA
c4cC 1 1 NA NA NA
BBF l 1 NA NA NA
BKF I l NA NA NA
BEP ! 1 NA NA NA
BAP | I NA NA NA
PER 1 I Ma, NA NA
IDE 1 1 NA NA NA
DBN l 1 NA NA NA
BEQ ! [ NA NA NA

NA: p-value from the Kruskal-Wallis test was >0.125 so the Wilcoxon rank sum test

was not performed.

17



o VD294

g VD255 A VD271 X VD293 + VD451
| — - - — MDLVD255 — - —-MDLVD271  ------ MDLVD293 — — — MDL.VD294 MDL.VD451
? 4000
|
; o ¢ o HAIR - PWS
3500 o
o
o o
3000 o °
¢ o
i a (m}
LB O o e
% 2500 O
.3
LE
]
o
B 6
© 2 2000
! )
= ©
;B o ©
" m D <
_g 1500 0
- O
1
1000 o & 8 a]
L A s A s & i a] ) o
A X X X X X )
X X o &
500 X X & =] &
A X x X
A X +
| 0#—-—-—---—.——8-——-“h + + 4+ + F + F F F b+ g TR SO SN, S .
— — - Ead — — — ~ — — o o o o o~ o~ o™ o~ o o™ (] [+ o) o o) _— >
O O O 0o ©o o O 06 0O O ¢ O O VW o U 0 ¢ 0 0o 0 o 0o o ¢ £ Y
o

Figure 1. Aliphatic hydrocarbon concentrations in hair samples from oiled sea otters collected in PWS following the

Exxon Valdez oil spill. Units are in nanograms per gram except UCM which is in micrograms per gram. The lines
indicate the MDLs for hair samples from this group. Abbreviations: C10-C34: n-alkanes; PRIS: pristane; PHYT:

phytane; UCM: unresolved complex mixture.
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Figure 2. Aliphatic hydrocarbon concentrations in hair sam ples from oiled sea otters collected along the Kenai
Peninsula following the Exxon Valdez oil spill. Units are in nanograms per gram except UCM which is in micrograms
per gram. The lines indicate MDLs for the samples. Abbreviations: C10-C34: n-alkanes; PRIS: pristane: PHYT
phytane, UCM :unresolved complex mixture.
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Figure 3. Aliphatic hydrocarbon concentrations in hair samples from oiled sea otters collected at Kodiak Island
following the Exxon Valdez oil spill. Units are in nanograms per gram except UCM which is in micrograms per gram.
The lines indicate MDLs for the samples. Abbreviations: C10-C34: n-alkanes; PRIS: pristane; PHY'T: phytane; UCM:
unresolved complex mixture.
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Figure 4. Aromatic hadrocarbon concentrations in hair samples from oiled sea otters coliected in PW S follow ing the
Exxon laldez oil spill. Units are in nanograms per gram. The solid line indicates the mean M D L for hair sam ples I'rom
this group. Abbreviations: NAP: naphthalene: CIN-C4N: Cl-Cd-methylated naphthalenes: BIP: biphenyl: ANP:
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ANT: anthracene; C1P-C4P: Cl-C4-phenanthrenes/anthracenes: DIB: dibenzothiophene: CI1D-C3D: C1-C3-
dibenzothiophenes: FLA: fluoranthene; PYR: pyrene; CFP: C1l-fluoranthenes/pyrenes: BAA: benzolaJanthracene;
CHR:chrysene; C1C-C4C: Cl1-C4-chrysenes: BBF: benzo[b]fluoranthene: BKF: benzo[k]fluoranthene: BED:
benzole]lpyvrene: BAD: benzo[alpyrene: PER: pervience: IDE: indeno[1.2.3-c.d]pyrene; DBN . dibenzo[a h]anthracene:
BEQ:benzo[g.h.i]lpervlene.
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Figure 5. Aromatic hydrocarbon concentrations in hair samples from oiled sea otters collected along the Kenai
Peninsula Following the Exxon Valdez oil spill. Units are in nanograms per gram. The lines indicate MP Ls for the
samples. Abbreviations: NAP:naphthalene: CIN-C4N:Cl1-C4-methylated naphthalenes: BIP: biphenyl: ANF:
acenaphthalene: ANH: acenapthene: FLU: fluorene: CIF-C3F: Cl1-C3-methyvlated lNuorenes: PHE: phenanthrene:
ANT: anthracene: CI1P-CdP: Cl-C4-phenanthrencs/anthracencs: DIB: dibenzothiophene: C1D-C3D: C1-C3-
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BEQ:benzolg.h.i]lperyviene.
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Figure 6. Aromatiec hydrecarbon concentrations in hair samples from oiled sea otters collected a1 Kodiak Island
following the Exxon I"aldez oil spill. Units are in nanegrams per gram. The lines indicate the M DLs for the sam ples.
Abbreviations: N AP:naphthalene: CIN-C4N: Cl-Cd-methylated naphthalenes: BIP: biphenyvl: ANP:acenaphthalene:
AN H:acenapthene: FLU: fluorene: CIF-C3F: Cl1-C3-methylated fluerenes: PHE: phenanthrene: ANT: anthracene:
CIP-C4P: C1-Cd-phenanthrenes/anthracenes; DIB: dibenzothiophene: CID-C3D: ClI-C3-dibenzothiophenes: FL A
fluoranthene; PYR: pyrene: CFP: Cl-fluoranthenes/pyrenes; BAA : benzo[alanthracene; CHR: chrysene; CIC-C4C:
Cl-C4-chrysenes: BBF: benzo[b]fluoranthene: BKF: benzo[k]fluoranthene: BEP: benzo[e]lpyrene: BAP:
benzo[alpvrene: PER: perviene: IDE: indeno[1.2.3-c.d]pyrene: DBN: dibenzo|a.h]anthracene: BEQ:
benzojg.h.i]lperyviene.
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Figure 7. Aliphatic hydrocarbon concentrations in intestine samples from oiled sea otters collected in PWS lollowing
the Exxon Valdez oil spill. Units are in nanograms per gram except UCM which is in micrograms per gram. The solid
line indicates the mean MDL for intestine samples from this group. Abbreviations: C10-C34: n-alkanes; PRIS:
pristane; PHYT: phytane; UCM: unresolved complex mixture.
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Figure 8. Aliphatic hydrocarbon concentrations in intestine samples from oiled sea otters collected along the Kenai
Peninsula following the Exxon Faldez oil spill. Units are in nanograms per gram except UCM which is in m icrograms
per gram . The solid line indicates the mean MDL for intestine samples from this group. Abbreviations:
KP.intestine.MDL: md! determined using the mean wet weight of the Kenai Peninsula sea otter intestine sam ples: C10-
C34:n-alkanes; PRIS: pristane; PHYT: phytane; UCM: unresolved complex mixture.
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Figure 9. Aliphatic hydrocarbon concentrations in intestine samples from oiled sea otters collected at Kodiak Island
following the Exxon Valdez oil spill. Units are in nanograms per gram except UCM which is in micrograms per gram.
The solid line indicates the mean MDL for intestine samples of these otters. Abbreviations: C10-C34: n-alkanes;
PRIS: pristane; PHYT: phytane; UCM: unresolved complex mixture.
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Figure 10. Aromatic hydrocarbon concentrations in intestine samples from oiled sea otters collected in PWS following
the Exxon Valdez oil spill. Units are in nanograms per gram. The solid line indicates the mean MD L for intestine
samples from this group. Abbreviations: NAP: naphthalene; CIN-C4N: C1-C4-methy lated naphthalenes: BIP:
biphenyl, ANP: acenaphthalene; ANH: acenapthene; FLU: fluorene; C1F-C3F: C1-C3-m ethylated fluorenes; PHE:
phenanthrene; ANT: anthracene: CIP-C4P: Cl1-C4-phenanthrenes/anthracenes; DIB: dibenzothiophene: CiD-C3D:
Cl-C3-dibenzothiophenes; FLA: fluoranthene; PYR: pyrene; CFP: Cl-fluoranthenes/pyrenes; BAA:
benzo[alanthracene; CHR: chrysene; C1C-C4C: C1-C4-chrysenes; BBF: benzo[b]fluoranthene; BKF:
benzofk]fluoranthene; BEP: benzo[e]pyrene; BAP: benzof[a]pyrene: PER: perylene: IDE: indeno[1.2,3-c.d]pyrene:

D BN : dibenzof[a.h]anthracene;, BEQ: benzo[g,h.i]perylene.



—KP.intestineMDL [ HDOS7T A SDO0B © SD031°

40
| INTESTINE - KENAI
; 35
\
30
25
| @
=
i
£ 20
o
[+)]
=
|
; 15
10
8 A
‘ 4 8 g
s o °
| - a g ° 8 : E
ol momw 8 "8 o B s A8 4, B 5080 3
o_zzzza_n_:::au.u.u.Lu:-n.u.n.n.mocaoﬂn:n. a O O 0 0O W w o o ocw 2 Jd
= = - o™ - = - - m X
s 5333582z 2c882250885c888¢82zb33558038388sbc34
Figure 1. Aromatic hydrocarbon concentrations in intestine sam ples from oiled sea otters collected along the Kenai
Peninsula following the Exxon I"ufdez oil spill. Units are in nanograms per gram. The solid line indicates the mean

MDL for intestine samples from this group. Abbreviations: NAP: naphthalene; CIN-C4N:CI1-C4-methylated
naphthalenes; BIP: biphenyl; ANP:acenaphthalene; ANH: acenapthene; FLU: fluorene; CIF-C3F: CI-C3-m ethylated
fluorenes:; PHE: phenanthrene; ANT: anthracene; CI{P-C4P: Cl-C4-phenanthrenes/anthracenes; DIB:
dibenzothiophene; CID-C3D: Cl1-C3-dibenzothiophenes; FLA: fluoranthene, PYR: pyrene; CFP: C1-
fluoranthenes/pyrenes; BAA: benzo[a]anthracene; CHR: chrysene; CIC-C4C: C1-C4d-chrysenes; BBF:
benzo[b]fluoranthene: BKF: benzo[k]fluoranthene; BEP: benzo[e]pyrene; BAP: benzo[a]pyrene; PER: perylenc: IDE:
indeno[t,2.3-c.dlpvrene: DBN: dibenzo[a.h]anthracene; BEQ: benzo[g,h,i]perylene.
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Figure 12. Aromatic hydrocarbon concentrations in intestine samples from oiled sea otters collected at Kodiak Island
following the Exxon FValdez oil spill. Units are in nanograms per gram. The solid line indicates the mean MDL for
intestine samples from this group. Abbreviations: NAP: naphthalene; CIN-C4N: C1-C4-methylated naphthalenes; BIP:
biphenyl; ANP: acenaphthalene; ANH: acenapthene; FLU: fluorene; CIF-C3F: C1-C3-methylated fluorenes: PHE:
phenanthrene; ANT: anthracene; CIP-C4P: Cl-Cd-phenanthrenes/anthracenes; DIB: dibenzothiophene: C1D-C3D:
C1-C3-dibenzothiophenes; FLA: fluoranthene; PYR: pyrene; CFP: Cl-fluoranthenes/pyrenes; BAA:
benzo[a]anthracene; CHR: chrysene; C1C-C4C: CI1-C4-chrysenes; BBF: benzo[b]fluoranthene; BKF:
benzo[k]fluoranthene; BEP: benzo[e]pvrene; BAP: benzo[alpyrene; PER: perylene; IDE: indenoa[1.2,3-c.d]pyrene:
DBN: dibenzo[a,hlanthracene; BEQ: benzo[g,h,i]perylene.
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Figure 13. Aliphatic hydrocarbon concentrations in liver samples from lightly oiled sea otters collected in PWS
following the Exxon Valdez oil spill. Units are in nanograms per gram except UCM which is in micrograms per gram.
The solid line indicates the mean MDL for liver samples from this group. Abbreviations: C10-C34: n-alkanes; PRIS:
pristane; PHYT: phytane; UCM: unresolved complex mixture.
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Figure 14. Aliphatic hydrocarbon concentrations in liver samples from oiled sea otters collected along the Kenati
Peninsula following the Exxon Valdez oil spill. Units are in nanograms per gram except UCM which is in micrograms
per gram. The solid line indicates the mean MDL for liver samples from this group. Abbreviations: C10-C34: n-
alkanes; PRIS: pristane; PHYT: phytane; UC M: unresolved complex mixture.
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Figure 15. Aliphatic hydrocarbon concentrations in liver samples from otled sea otters collected at Kodiak Island
following the Exxon Valdez oil spill. Units are in nanograms per gram except UCM which is in micrograms per gram.
The solid line indicates the mean MDL for liver samples from this group. Abbreviations: C10-C34: n-alkanes; PRIS:
pristane; PHYT: phytane; UCM: unresolved complex mixture.
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Figure 16. Aromatic hydrocarbon concentrations in liver samples from oiled sea otters collected in PWS following the
Exxon lNaldez oil spill. Units are in nanograms per gram. The solid line indicates the mean MDL for liver sam ples
from this group. Abbreviations: NAP: naphthalene; CIN-C4N: Ci-C4-methylated naphthalenes; BIP: biphenyl: ANP:
acenaphthalene; ANH:acenapthene; FLU: fluorene; CI1F-C3F: Ci-C3-methylated fluorenes; PHE: phenanthrene:
ANT: anthracene; CIP-C4P: Cl1-C4-phenanthrenes/anthracenes; DiB: dibenzothiophene: CI1D-C3D: C1-C3-
dibenzothiophenes; FLA: fluoranthene; PYR: pyrene; CFP: Cl-fluoranthenes/pyrenes; BAA: benzola]anthracene;
CHR: chrysene, C1C-C4C: C1-Cd-chrysenes; BBF: benzo[b]fluoranthene; BKF: benzo[k]fluoranthene; BEP:
benzo[e]pyrene: BAP: benzo[a]lpyrene; PER: perylene: IDE: indeno[1.2,3-c.d]pyvrene; D BN : dibenzo[a.h]anthracene:
BEQ: benzo[g,h,i]perylene.
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Figure i7. Aromatic hydrocarbon concentrations in liver sam ples from oiled sea otters collected along the Kenai
Peninsula following the Exxon 'aldez oil spill. Units are in nanagrams per gram. The solid tine indicates the mean
MDL for liver samples from this group. Abbreviations: NAP: naphthalene; CIN-C4N: C1-C4-methylated
naphthalenes; BIP: biphenyl; ANP: acenaphthalene; ANH: acenapthene; FLU: fluorene; C1F-C3F:C1-C3-methylated
fluorenes; PHE: phenanthrene; ANT: anthracene; CIP-C4P: Cl-C4-phenanthrenes/anthracenes; DIB:
dibenzothiophene; CID-C3D: Cl-C3-dibenzothiophenes; FLA: fluoranthene; PYR: pyrene; CFP: C1-
fluoranthenes/pyrenes; BAA: benzo[alanthracene; CHR: chrysene; C1C-C4C:Ci-C4-chrysenes; BRF:
benzo[b]fluoranthene; BKF: benzo[k]flucranthene; BEP: benzo[e]pyvrene; BAP: benzo[a|pyrene. PER: peryilene: IDE:
indeno[1,2,3-¢c.d]pyrene;, DBN: dibenzo[a,h]anthracene, BEQ: benzo[g.h.ijpervlene.



160

LIVER - KODIAK

| 140 ——Ki liver. MDL
- KDD42
KDD50
KDO57
kD078
kD085
kD089
KD094
KD107
KD110
KD119
KD143
KD180
KD2137
KD2188

i 120

100

80

ng/g analyte

60

40

» @ + 0O X b D0ONR X

| ng @ X A
| K

i.ﬂx

X

i

%
é

) ¢ %
(o]
oY
o

—X
o o
- N
o QO

DiB

X— ) &

[V TS = oo o o
o (3] = — o~ o) <t
IS Z 0 00 0

PHE

FLA
PYR
CFP
BAA
CHR
cic
czc
c3c
c4ac
BBF
BKF
BEP
BAP
FER

IDE
DBN
BEQ

Figure 18. Aromatic hydrocarbon concentrations in liver samples from oiled sea otters collected at Kodiak Island
following the Exxon "aldez oil spill. Units are in nanograms per gram. The solid line indicates the mean MDL for
liver sam ples from this group. Abbreviations: NAP: naphthalene; CIN-C4N: Cl1-C4-methylated naphthalenes; BIP:
biphenyl; ANP: acenaphthalene; ANH: acenapthene; FLU: fluorene; CIF-C3F: C1-C3-methylated fluorenes; PHE:
phenanthrene: ANT: anthracene: C1P-C4P: C1-C4-phenanthrenes/anthracenes; DIB: dibenzothiophene: C1D-C3D:
Cl-C3-dibenzothiophenes; FLA: fluoranthene; PYR: pyrene; CFP: Cl-fluoranthenes/pyrenes; BAA:
benzo[ajanthracene; CHR: chrysene; C1C-C4C: Cl-C4-chrysenes; BBF: benzo[b]fluoranthene; BKF:

benzo[k |[fluoranthene: BEP: benzofe]lpyrene: BAP: benzo[a]pyrene: PER: perylene; IDE: indenofl1.2.3-c.d]pyrene:
D BN: dibenzola.h]anthracene; BEQ: benzo[g.h.i]peryiene.
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Table A-1.  Method detection limits (MDLs) in ng and ng/g for aliphatic and aromatic
hydrocarbons analyzed by GERG.*

Aliphatic hydrocarbons Aromatic hvdrocarbons
MDL MDL MDL
ng ng/g ng np/g ng ng/g
Cl0 124.6 95.9 NAP 29.4 22.6 IMP 7.7 29.0
Cll 50.9 39.1 CIN -- -- DIB -- -
Cl12 48.9 37.6 C2N -- -- CID - --
Cl3 -- - C3N -- - C2D -- --
Cl4 -- -- C4N - - C3iD - --
Cls 101.0 77,7 IMN 32.8 25.2 FLA 8.2 6.3
Cle 54.8 42.1 2MN 46.5 35. PYR 11.7 9.0
Cl7 40.8 314 2.6MN 334 257 CFP -- -
Cl18 359 27.6 2.3.5MN 28.6 22.0 BAA 324 24.9
Ci9 16.6 12.8 BIP 19.5 15.0 CHR 24.2 18.6
C20 31.9 4.5 ANP 13.0 10.0 clc - --
21 30.9 23.8 ANH 273 21.0 c2C -- --
Cc22 233 7.9 FLU 6.3 12.5 C3cC -- -
Cc23 12.8 9.9 CiF -- -- C4C -- --
C24 30.2 23.2 C2F -- -- BBF 25.5 19.6
C25 35.9 27.6 C3F - -- BLF 24.9 19.1
C26 31.8 24.5 ANT 1.8 9.1 BEF 25.2 19.4
C27 26.4 20.3 PHE 14.3 11.0 BAP 28.1 21.6
C28 25.0 19.2 CIP -- -- PER 12.9 9.9
C29 46.1 33.5 C2p -- -- IDE 294 22.6
C30 30.1 23.1 Cip -- -- DBN 25.7 19.8
C31 -- - C4P -- -- BEQ 20.0 15.4
C32 48.9 37.6
C33 -- -
C34 80.2 o7
PRIS 61.7 47.5
PHYT -- --
UCM -- --

" Abbreviations: C10 through C34: n-alkanes; PRIS; Pristane; PHYT: phytane; UCM: unresolved complex
mixture; NAP: naphthalene; CIN: Ci-naphthalene; C2N: C2-naphthalene; C3N: C3-naphthalene; C4N: C4-
naphthalene; IMN: [-methyinaphthalene: 2MN: 2-methylnaphthalene; 2,6MN: 2, 6-dimethylnaphthalene;
2,3,5MN: 2,3,5-trimethylnaphthalene: BIP: biphenyl: ANP: acenaphthylene; ANH: acenaphthene; FLU:
fluorene; C1F: Cl-fluorene; C2F: C2-fluorene; C3F: C3-fluorene; ANT: anthracene; PHE: phenanthrene;
C1P: Cl-phenanthrene; C2P: C2-phenantirene; C3P: C3-phenanthrene; T4P: C4-phenanthrene: IMP: -
methylphenanthrene; DIB: dibenzothiophene; C1D: Cl-dibenzothiophene; C2D: C2-dibenzothiophene; C3D:
C3-dibenzothiophene; FLA: fluoranthene; PYR: pyrene; CFP: methyl fluoranthene-pyrene; BAA:
benz(a)anthracene; CHR: chrysene; C1C: Cl-chrysene; C2C: C2-chrysene; C3C: C3-chrysene; C4C: C4-
chrysene; BBF: benzo(b)fluoranthene; BKF: benzo(k)fluoranthene: BEP: benzo(e)pyrene; BAP:
benzo(a)pyrene; PER: perylene; IDE: ideno(l,2,3-cd)pyrene; DBN: dibenzo(a,h)anthracene; BEQ:
benzo{g,h,1)perylene.
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Table A-2. Aliphatic hydrocarbon concentrations (ng/g) in hair, intestine and liver samples from sea otters collected from three locations in the spring

and summer of 1989.*"
Otter Lab Sample
# 1D wt.* C10 Cl1 C12 C13 Cl4 Cl1s C16 C17 C18 C19 C20 21 C22 Cc23

Hair Prince William Sound

VD255 22408 4.82 5.36 0. 0. 0. 2.46 20.58 112,92 593.24 1611.46 2492.1 2795.18 2976.5 2B67.23 2798.58

VD271 21992 13.61 4.2 0. 0. G. 20.2 244.6 797. 834.1 831.6 925.1 §99.9 935.6 898.7 975.54

VD293 22118 10,97 0. 0. 0. 0. 0. 45.56 249.68  526. 635.9 730.5 7553 811.5 800.1 915.62

VD294 22156 10.54 1.26 0. 0. 0. 3.53  109.07 972.03 2928.05 3201.77 3679.58 3766.39 3724.80 3511.29 3370.99

VD451 21956 11.86 0. 0. 0. 0. 0. 311 30.81 50. 47.9 62.3 72.3 827 82.5 82.08
Kenai

SDoog 23391 11.92 0. 0. 0. 4.00 3699 131.91 199.88 31552 368.80 401.2 411.86  412.84

5D031 23341 12.8 0. 0. 0. 0. 31.02  105.4¢ 523,52 79048 984.02 107531 1089.88 1045.46 1024.76
Kodiak

KD085 22974 13.65 0. 0. 0. 0. 0. 0. 25.36 31.9 15.6 14.9 17.8 22, 22.9 27.48

KD0g9 22497 7.26 4.46 0. 0. 0. 0. 6.37 38.31 60, 30.4 12.9 6.3 6.5 4.4 7.12

KDI110 22956 14.22 4.20 0. Q. 0. 0. 0. 14.17 20.8 6.6 24 0.8 Q. 1.1 2.07

KD119 22453 17.38 0. 0. 0. 0. 0. 16.88 27.0 26.7 8. 2. 0.7 0.5 04 1.03

KD143 22521 71.87 1.16 0. 0. 0. 0. 1.69 19.41 36. 19. 6.6 2.1 1.6 . 0.

KD180 22583 13.5 0. 0. 0. ¢. 0. 20.87 37.61 69.4 1. 84.8 92.3 89. 83. 85.23

Intestine Prince William Sound

VD255 22403 2.08 23.10 0. 5.94 7.36 13.20 23.29 27 .44 38.1 17.7 13.8 11.4 35 12. 15.36

VD271 22295 2.46 32.48 16.32 7.73 5.93 11.34 17.35 24.92 38.1 18.8 20.3 26.9 13.1 16. 13.81

VD293 22§24 2.24 32.4% 9.84 6.9 5.78 15.22 20.4 29.43 38.1 16.7 16.1 8.6 18.3 11.1 12.95

VD29 22162 .48 27.25 18.69 8.57 7.3 23.50 24.53 17.6 47.5 23.6 20.6 14.2 18.7 17. 16.87

VD382 21674 2.41 48.22 13.22 13.81 8.65 16.72 31.40 38.7% 49.6 21.5 19.3 1.2 18. 14.5 14.75

VD451 21961 1.99 27.68 0. 0. 0. 1.2 119.26 42,36 184.2 26.4 22.9 20.4 26.3 17.8 18.8
Kenai

HDO97 23146 2. 0. 8.90 12.95 5.46 16.89 47.65 24 .48 87.6 9.9 13.5 15.4 17.7 38.5 52.2

SDO08 23403 2.11 0. 13.58 22.12 3.04 22,23 46.44 44.14 101.9 18.3 5.2 53 5. 10.7 8.28

SDO31 23348 2.13 0. 7.53 10.91 18.11 39.05 62.62 71.45 76.6 43.8 43.3 35.7 37.6 37.6 42.72



Otter Lab Sample
# iD wt.* Cl10 Cl11 Cl2 Cl13 C14 C15 Cl6 C17 C18 C19 C20 C21 C22 C23
Kodiak
KDO0S85 22978 2.0t 136.07 11.32 8.75 5.97 16.67 2933 28.61 29. 12.3 9.6 5.2 6.3 6.2 10,99
KDO0gZ9 22501 2.1 383.76¢  46.29 361.95 3592 15393 34.21 66.28 3494 3s. 24, 11.9 11.1 18.9 27.7
KD1i0 22960 2.6  165.13 59.20 122.86 194.63 33.36 121.87 65.54 3179 294 18.7 7.9 I1. 8.9 19.8
KD119 22487 2.29 16.44 17.68 86.34 0. 18.52 116.61 47.95 2418 2.7 9.2 10.8 19.6 11.4 17.36
KD143 22527 1.84 131.49 13.73 8.89 5.05 16.78 31.05 28.0 77.2 P2 9.2 4. 328 9.3 14.46
KD180 22585 2.01  293.55 12.13 11.08 8.97 28.05 327,75 52.49 46.2 13.8 10.2 7. 6.4 7.4 14.91
Liver Prince William Sound
V255 22401 1.96 27.84 11.23 7.46 8.63 17.99 36.39 27.94 43.7 17.6 12.5 12.1 48.8 6.5 8.03
VD271 22297 2.37 17.82 8.81 7.15 8.52 9.5 24.58 26.93 44.7 21.3 17.9 3.1 60.2 9.6 7.39
V1293 22129 2.42 32.89 1+.44 10.93 7.38 14.18 24.81 33.58 66.8 12.5 13. 3.6 98. 10, 19.52
VD294 22160 2.31 44.97 22.44 20.29 11.41 24.40 17.48 2515 26.5 12. 13.2 23.6 4.4 7.1 6.81
VD382 21971 2.37 32.05 19.83 15.23 11.28 14.29 25.10 29.52 38. 12.3 11.9 33.7 5.3 7.2 5.51
VD451 21959 2.18 311,72 170.73 17748 52.44 139.23 181.69 6291 271.2 31.9 26.2 19. 70.4 18.3 25.61
Kenai
HDO010 21137 0.62 40.24 51.35 30.27 54.99 80.85  45.30 110.17 121.8 94.2 92.7 54.7 59.4 80.9 103.13
HDO19 23126 2.04 0. 7.1 9.62 7.1 13.91 2(.08 28.11 44.4 18.7 3.8 6.3 41.3 11.7 11.67
HDO20 23153 2.07 0. 10.68 11.56 6.92 13.75 23.55 22.50 434 15.8 8.6 29 5.4 8.3 8.45
HDO0%6 23119 2.35 3.94 7.79 6.10 7.88 16.05 27.03  32.66 56.8 20.9 8.1 8.2 6.9 17.7 13.66
HDO97 23145 2.09 24.93 11.20 10.7 6.00 17.36 42.6 29.27 1205 10.8 8. 13.3 40.6 13. 14.01
50008 23401 2. 0. 12.90 16.77 9.25 22.15 56.77  46.02 71.7 18.9 9.6 35 15.8 7.4 10.91
SDO31 23345 1.93 0. 11.19 16.42 12.13 21.23 38.39  45.61 47.9 16.2 17.9 6.8 12.3 18.2 19.72
SDO035 23364 2.07 54.9 0. 0. 0. 0. 0. 2152 25.2 0. I5.1 0. 1.4 438 20.19
SD0o4 23076 2.05 33.15 13.12 11.69 4.77 3.82 91.95 2648 1047 45 12.6 36.7 28.4 224 28.91
Kodiak
K042 23036 2.14 27.16 20.22 27.89 14.1 17.11 47.27  23.0l 43.1 9.7 32 33 24.9 6.5 4.68
KDO050 22946 1.8 362 17.49 9.25 10.86  21.42 26.54 41.42 98. 29.2 19.7 36.8 147.6 22.7 21.83
KDO057 23006 1.87 0. 38.39 44.08 2742 20.35 26.47 754 44.3 14.7 7.1 39 4.4 3.9 5.24
KDG78 23010 1.37 0. 41.3 84.3 48.9 39.6 429, 66.8 401.6 222 12.9 13.7 7.4 9.4 12.01
KDO85 22977 2.04 4.07 9.7 7.3 7.40 18.04 3930 3472 33.2 12.3 8.3 3.6 26 5.5 13.34



Otter Lab  Sample

# ID wt.© Cl0 Cl1 Ci2 C13 Cl14 Cl15 Clé C17 C18 Cc19 C20 C21 22 Cc23
KDO089 22500 2.03 0. 10.98 24.7 10.24 27.76 67.13 53.52 70.2 21.6 14.7 6.5 36 8.7 18.58
KD0%4 22612 1.99 4.66 15.14 11.86 19.27 20.22 15.67 47.54 54.8 15.6 5. 7.6 751 37 22.18
KD107 22685 2.12 39.6 13.07 13.07 19.6 45.43 81.81 89.65 110.2 84.2 §2.2 74.4 99.9 87. 108.92
KD110 22061 2,13 1137.0 9.53 15.52 11.23 28.79 27.77 28.99 79.2 17.1 13.7 0. 0. 0. 0.
KD119 22491 2.05 0. 0. 0. 0. 4.23 282.33 7.71 8.4 18.4 37 0. 79.9 0. 8.00
KD143 22526 2.05 271.89 13.78 11.93 7.72 17.21 27.37 24.34 69, 9.3 10. 3.5 184. 8.5 13.28
KDI180) 22587 1.87 33408 3536  20.05 12.56 30,76 5398 432 71.2 18.2 16. 8.1 15.8 17.2 7.23
KD2137 22548 0.52  100.08 16.94  65.81 62.72 8294 360.99  90.81 352 48. 46.3 49.5 73. 95.2 141.34
KD2188 23023 2.18 23.33 11.77 10.75 15.56 16.27 129.36 3715 331 11.6 5.9 5.1 33 28 6.81



Table A-2.  Continued.
Otter Lab Sample
# 1D wt.* 24 C25 C26 Cc27 28 C39 C30 C31 C32 C33 C34 PRIS PIHYT Total UcmM*
Hair Prince William Sound
VD255 22408 4.82 2672.09 2602.90 2237.28 1713.19 1528.40 1419.88 B889.96 1049.60 893.05 790.03 602.51 500.0 965.46  34140.49 302.06
VD271 21992 1361 93494 910.6 776.75 58546 S12.11  495.16 420.21 503.70 400.12 353.06 333.30 646.6 586.7 1482324 9834
vD293 22118 1097 892,12 878.3% 777.34 605.35 526.53 546.36 464.55  430.67 382.35 336.7 360.87 483.2 518.3  [2693.07 98.76
vD294 22156 10.54 3214.75 3058.75 2638.83 1884.74 1735.40 1625.93 956.38 1113.34 933.68 791,61 830.43 2130.08 2077.13 48259.85 366.19
vD45F 21956  11.86 81.48 82.57 72.21 71.91 50.80 233.50 28.43 53.18 28.14 2959 2040 79.7 18.8 1384.41 7.3
Kenai
SDOO8 2339 11.92 421,35 418.86  381.87  304.38 25771 245,09 1539.04 183.60 136.13 13549 103.21  269.29 15826 393927  50.34
SP031 23341 128 987.27 979.48 835.88 790.47 552,21 1083.55 324.08 470.83 325.10 290.89 337.76 475.79 539.82 0671.08 106.85
Kodiak
KD085 22974  13.65 27.79 32.70 28.31 28.62 22.98 506.78 12.57 45.74 13.47 18.60 8.14 88.5 20.4 1032.55 4.2
KDOBY 22497 7.26 6.50 8.26 7.12 8.67 11.158 40.46  6.88 12.48 10.81 11.00 924 108. 38.7 456.02 6.2
KD11G 22956 14.22 0. 2.89 0. 8.27 0. 3.82 0. 0. Q. 0. 0. 32.6 6.3 106.02 0.
KDI119 22493  17.38 0. 0. 0. 0. 0. 4.84 0. 0. 0. 0. 0. 52.6 7.6 149.24 0.1
KD143  2252° 7.87 0. 0. 0. 0. 0. 2585 0. 0. 0. 0. 0. 68.6 18.1 200.10 0.
KDI180 22583 13.5 8368 9092 7944 7199 71.16 111.40 4553 39.06 51.99 4937 3645 124.9 9. 1603.08  19.3
Intestine Prince William Sound
VD255 22402 2.08 12.50 16.84 9.53 16.10 7.1¢ 1472 422 13.28 0. 0. 0. i81. 32.4 520.17 0.
VD271 22295 2.46 13.48 13.06 9.10 15.41 7.81 12.2 5.43 586 0. 0. 0. 115.9 39.7 501.03  46.
VD293 22124 2.24 12.00 10.83 10.62 11.57 9.66 14.65 11.77 7.12 0. 0. 0. 72.6 26.5 429.19 2.
vD294 22162 1.48 17.63 14.6 12.87 12.87 8.54 9.30 8.67 0. 0. 0. 0. 3.8 24.4 480.58 0.8
VD3R 21974 241 13.25 13.57 11.09 11.2 6.14 10.88 7.86 0. 0. 0. 0. 1.2 26.2 491.05 9.1
VD451 21961 1.99 17.32 19.44 15.95 21.13 9.19 20.07 0. 0. 0. 0. 0. 3355 12.5 1158.39 39
Kenai
HDO97 23146 2. 64.34  70.20 6231 82.44  43.50 49.06 21.34 28.83 9.81 749 0 254.2 95.5 1140.16 19.4
SDO08 23403 2.1l 10.93 6.79 7.22 9.13 0. 12.95 0. 0. 0. 0. 0. 506.8 7.5 869.56 0.3
SD0O31 23348 2.13 32.67 36,02  28.58  44.50 19.26 27.74 10,22 22,49 893 430 0. 92.4 69.6 923,70 38



Otter Lab Sample
# 1D wi.* C24 C25 C26 Cc27 C28 C29 C30 C31 Cc32 C33 Ci4 PRIS PHYT Total UcM*
Kodiak
KD08B5 22978 2.01 15.15 11.2 8.75 9.6 5.33 15.25 0. 0. 0. 0. Q. 109.5 6.2 497.29 0.
KD089 22501 2.1 30.07 29.97 21.7 33.69 13.43 21.18 8.49 17.09 5.31 7.86 0. 1217.6 5583 3332.0t 3.6
KDI10 22960 2.16 13.30 26.81 8.22 98.19 9.54 4691 4.44 2034 0. 4.11 0. 167.7 11.4 1587.16 0.1
KDI18 22487 2.29 20.38 28.46 11.43 34.72 13.58 34.5 4.86 0. 0. 0. 0. 434.5 93.4 1312.22 8.9
KDl143 22527 1.84 19.04 13.21 12,49 [4.15 8.95 11.65 8.63 10.82 8.96 18.90 (. 2424.9 36.5 2982.16 0.
KD180 22585 2.01 15.54 11.65 8.19 9.13 4,93 829 0. 0. 0. 0. 0. 1247.4 7.8 2152.86 0.
Liver Prince William Sound
VD255 22401 1.96 9.85 4.56 7.57 7.46 4.97 0. 0. 13.56 0. 0. 0. 230. 82.6 667.35 3.6
VD271 22297 2.37 12.84 3.8 9.24 18.90 6.68 0. 0. 0. 0. 0. 0. 279. 116.1 714.07 14.6
VD293 22129 2.42 6.09 4,85 13.32 13.70 13.73 9.50 4.39 0. 0. 0. 0. 341, 119.2 883.83 17.7
VD294 22160 2.31 9.69 6.92 6.28 9.48 0. 6.07 0. 0 0. 0. 0. 64.3 357 398.20 11.1
VD382 21971 2.37 5.7 4.98 6.47 6.78 5.94 5.51 0. 0. 0. 0. 288.4 73.8 659.02 13.
VD451 21959 2.18 18.81 17.96 7.97 85 7.01 16.26 4.24 9.03 0. 0. 436.3 150.4 2235.29 15.
Kenai
HDOWO 21137 0.62 72.66 87.15 90.13  103.77 98.98 74.37 0. 0. 0. 0. 0. 3852 380.4 2318.87 0.
HDO!9 23126 2.04 16.03 7.80 10.33 12.76 0. 0. 0. 5.30 0. 0. 0. 4032.1 203.1 4510.6 0.
HDO20 23153 2.07 10.35 8.03 7.71 9.93 6.97 0. 0. 0. 0. 0. 0. 114.7 106.8 446.31 2.1
HDO% 2319 2.35 14.29 5.46 11.45 14.08 8.72 6.5t  14.13 13.16 0. 0. 0. 136.6 131.1 589.20 34
HDO97 23145 2.09 14.33 9.12 9.62 18.63 4.71 9.93 2.61 0. 0. 0. 0. 80.9 49.5 561.70 14.7
SD00g 23401 2. 8.58 8.05 0. 572 3.81 B.16 0. 0. 0. 0. 0. 3359 . 671.89 0.
SDO3t 23345 1.93 12.19 9.75 12.51 14.20 B.16 10,18 0. 0. 0. 0. 0. 99.9 1292 580.09 0.
SDO35 23364 2.07 12.58 18.71 4.44 5.39 10.68 12.58 12.87 914  10.81 0. 0. 337.7 67.3 675.30 0.
SDo64 25076 2.05 22.68 24.56 20.21 17.98 16.45 42.66 1.41 18.13 0. 0. 0. 2829 2924 1206.07 383
Kodiak
KD042 23036 2.14 4.78 4.99 5.20 9.26 4.99 2.81 2.42 1.92 0. 0. 0. 119.8 137 452.01
KD0s50 22946 1.8 21.31 11.85 12.26 22,55 10.5 10.60 0. 28.11 0. 0. 0. 345.1 151.2 1119.91
KD037 23006 1.87 7.23 5.56 3.97 17.09 6.92 8.6 0. 0. . 0. 0. 84.8 30.1 481.91 1.4
KD0O78 23010 .37 6.89 10.75 10.02 12.11 5.64 449 0. 0. 0. 0. 0. 203.3 11.2 1453.51 2.8
KDOB3 22977 2.04 §5.92 10.96 9.61 6.31 3.82 6.82 0. 0. 0. 0. 0. 269.3 18.8 540.90 0.



Otter  Lab  Sample

# ID wt.* C24 C25 Cle C27 C28 29 Cc30 C31 Cc32 C33 C34 PRIS __PHYT Total ucM!
KD0O89 22500 2.03 16.99 [4.04 11.93 15.2 18.89 7.71 3.20 16.09 0 0. 0. 394.9 26.3 863.43 2.5
KD094 22612 1.99 7.03 5.0 6.17 0. 3.46 0. 0. 0. 0. 0. 0. 299.6 222 661.89 5.1
KD107 22685 2,12 11118 11495 117.63 11065 107.31 106.34 54.38  84.87 40. 0. 0. 52117 152, 7226.04 0.
KD110 22961 2.13 24.5 0. 0. 10.45 0. 17.31 0. 1458 0. 0. 0. 93.4 0. 1529.07 24.6
KD119  2249) 2.05 7.90 6.62 6.08 5.66 0. 13.55 0. 0. 0. 0. 0. 106.1 17.7 606.28 5.5
KD143 22526 2.05 12,44 6.64 10.65 9.59 7.27 9.28 6.40 9.92 427 0. 0. 4448.6 82.1 3279.00 0.
KDI180 22587 1.87 17.00 10.38 6.82 9.98 7.74 17.41 0. 11.83 0. 0. 0. 12229.6 47.9  13052.38 1.1
KD2137 22548 (.52 164.2 177.72  163.23 160.44 136.08 9744 7434 0. 0. 0. 0. 32.4 0. 2391.67 0.
KD2188 23023 2.18 4.39 6.29 5.34 5.76 3.25 3.04 0. 0. 0. 0. 0. 21.3 1.5 371.87 0.

a

b

Reported by GERG, NRDA Hydrocarbon Data, Catalogs 6540, 6556, 6641.

Abbreviations: C10 through C34: n-alkanes; PRIS: pristane; PHYT: phytane; UCM:

mixture; Total: total aliphatic (not including the UCM).

Sample wet weight, in grams.

ne/g.

unresolved complex



Table A-3.

Aromatic hydrocarbon concentrations (ng/g) mn hair, intestine and liver samples from sea otiers collected from three

locations in the spring and summer of 1989.*°,

Otter Lab  Sample

¥ 1D wt.* NAP CIN C2N C3N C4N BIP ANP ANH FLU CIF CIF CiF PHE ANT CI1P cir C3p C4P DIR
Hair Prince William Sound
VD255 22408 4.82 343 9.74 8.38 17.57 26.76 1.89 .26 048 049 344 37.24 1129 9.8 0.17 102.63 282.88 237, 145.72 4.78
VD271 21992 13.61 1.08 4.26 14.86 103.82 1689 .24 013 0.32 6.39 58,73 14683 17528 RL3Y 04 28529 383,67 .06 13391 4118
VD293 12118 1097 092 182 6.65  19.16  49.65 0.68 0.23 0.28 1.08 16.23 104.89 15898 29.1 0.2 170,93 29353 21971 11506 1.6
VD294 22156 10.34  0.96 4.98 8.54 37.21 18715 I 0.1 (.43 11 6d9 28911 34277 108.76 0.63 498.88 697.53 466,92 234,74 54.94
VD51 21950 11.86 125 4.43 0 0 8.589 1 1% 0.27 N4 054 0. 6,47 6.94 33 04 1,21 16,83 12,55 8.12 L.63

Kenai
SDO08 23391 11.92 .33 1.13 0. 6.82 9.1 0.34 ¢.09 02 037 0 14.55 25.16 5.3 0.03 30072 56.82 48.16 26.78 2.3
SD031 23341 12.8 .61 2,92 0. 12.76 17.8 1.12 0.08 011 049 548 40.77 72,78 12,36 0.2 88.19  152.21 118.7 62.32 5.35
Kodiak

KDORS 12974 13.63 0.67 1.3 0. (3 6.6 43 0.13 0.26 032 0 ] 0. 149 008 4.26 7.26 5.4 QO 074
KDO#S 22497 7.28 077 1.97 0. 177 15.32 0.79 03 0.42 0.73 0. 7.6 9.55 32 ol 7.91 14.63 12.6 4.06 109
KDL10 22956 14.22 0.72 14 G. [ 0. 0.35 0.19 0.14 026 0. 0. 0. 0.86 0.08 G. 0. 0. 0. G 38
KDE19 22493 17.38 0.44 1.13 0. 6.27 5.9 0.36 0.16 0.11 0.28 0. 0. 0. 1.50 003 0. 0. 0. 0. 0.83
KD143 22321 7.87 (.38 1.82 . 0. 0. .64 0.27 0.33 034 0. 0. 1.51 0.08 0, . G. 0 13.66
KD180 22583 135 0.71 2.8 13 5.9 10.63 0.5 0.25 0.26 048 0. 8.26 12.43 372 0.04 1615 36.9 23.84 0. 1.79
Intestine Prince William Sound
VD255 22403 2.08 1544 744 0. u, 0 161 0.37 0.46 070 0. 0. 192 029 0. 0. 0 0. 0.45
VIITI1 22295 RISTH 622 4 68 0 1. . 1.0} 0.2 0.73 (138 ) 0 1. 1093 rid 1 (. ) 4 0443
vD293 22124 2.24 T1.67 4.34 0. a G, 0.98 0.11 0.25 .59 0. 13 0. 1.25 0.27 (k. 0. (. 0. .37
VD264 162 1.48 14 .48 08 9.99 15.59 0. Rk} 0.44 1.09 s o 0. 0. 172 023 6.45 37.59 232 4.5 0 R2
VD382 21914 2.41 8.72 5.66 [t 0. 0. 1.19 .32 0.44 032 0. 0. 0. .51 0.2 0. i, 0. 13 0.97
vD4sr 21961 1.99 6.58 423 5.96 7.34 0. 155 0.24 0.22 0.59 0 0. 0. 136 0.2% 0 0. 0. 0. 079



Otter Lab  Sample
# 1D wt, NAP CiN C2N C3N C4N BIP ANP ANH FLU CiF  CIF C3F PHE ANT CIP C2P cip C4P DIB
Kenai
HDO97 23146 2 7.81 6.36 0. 0. Q. 6.83 1.14 1.56 127 0. 0. 0. 188  0.62 0. 0. Q. 0. 0.34
SDO0R 23403 2.1 6.86 9.31 0. 0. 0. 1.14 2.04 1.31 123 0. 0. 0. 132 0.79 Q. 0. 0. 0. 0.76
SD031 23348 2,13 876 7.15 0. 0. 0. 6.38 0.79 5.32 257 0. 0. 0. 247 1.13 0. 0. 0. 0. 2.15
Koddliuk
KD0#5 22978 2.01 7.83 5.83 g, 0. 0. 2 0.42 0.89 0,57 0O ] 0. 1.0l 0.55 0 0. Q. . 0.66
KD(89 22501 2.1 10.92 9 88 X 0. 0. 4.04 5.9 0.91 4.93 0. 0. 0. 212 1.35 0. 0. 0. 0. 0.85
KDL 22960 2,16 18.04 108 1895 21.9 0. 3.82 3.6 0.76 166 0. 0. 0 237 276 0. o, o, . 0.99
KD1i9 22487 229 6.82 4.6 0 . Q. 146 0.69 0.43 073 O 0. 0. 143 (.32 0. 0. . 0. 0.33
KD143 22327 1.84 8 45 7.58 { 0. . 3.69 0.38 1.48 207 0. Q. 0. L 87 1.07 0. . . 0. .53
KD180) 22585 2.1 8.77 9.37 0. 0. 0. 4.54 0.91 0.82 138 0O 1. 0. 217 0.81 0. 0. 0. 0. 1.5
Liver Prince William Sound
VD235 22401 1.96 17,34 11.7 £.96 383 0. 1.86 .67 .36 1.27 0. . 356 0.78 . 0. [t (13 0,58
VD271 22297 237 1548 16.64 11.57 6.4 7.62 1.57 1.27 2.02 32 0. 0. 0. 703 184 0. . 0. 0. 0.98
VD293 22129 242 1.59 6.64 9.31 8.54 5.23 2.94 1.03 0.49 026 0 0 . 451 1.88 0. 0. 0. 0. 1.46
VD294 2160 231 1683 1013 1246 9.67 0. 8.48 08 0.36 1.08 O 0. 0. 328 1.27 0. 0. 0. (. 1.11
VD32 21971 237 H.13 578 12 17.11 9.61 il 0.96 0.53 L85 0. (. 0. 43223 0 0. L (. 1.94
vD4i1 21959 218  R.32 7.19 396 2205 0. 3.26 1.06 0.45 1.74 0. 0 0. 193 1.09 [\ 3 0. 0. 1.62
Kenai
HDG1O 21137 0.62 158 25.73 0 0. 0. 11.74 1.58 2.89 241 0 0. 0. 823 0.67 . 0. 0. 0. 1.64
HDO19 23126 2040 1307 26.32 14.11 16.64 80K 361 234 ne 096 O 0. 0. 7060 211 { 0 {0, 0. 204
HDOX) 23133 207 1.6l 6.92 12. 15.92 Q. 6.12 0.63 [.54 084 0. 0. 0. 247 043 i3 0. 0. 0. 1.54
HDO9a 23119 235 1033 1136 7.56 7.539 4.97 3.3 0.62 0.53 091 0 Q. 0, 369 1.04 0. 3 0. 0. 0.81
HDG7 23145 2.09 4.9 10.88 1] {Q 0. 7.64 1.56 1.6 395 0. . 0 5.27 128 0. 0. &3 42 1.34
SDOO8 23401 2 9.51 10.72 0. 0. 0 1.54 3.04 1.27 1.64 0. 0. 0. 255 0.21 0. 0. 0. 0. 0.8
SDO31 23343 1.93 1036 1291 0 0. . 8.01 1.69 1.61 3, Q. 0. 0. 113 145 0 il Ik 0. 1.02
SD03s 23364 207 182 922 26.2 35.3 0. 5.58 0.76 0.82 1.83 0. 0. 0. 238 0.26 & 1. 0. 0. 1.76



Otter Lah  Sample

# ID wt.' NAP  CIN C2N C3IN C4N BIP ANP  ANH FLU C1¥  C2F C3F PHE ANT CIP C2p Cc3r C4pP DIB

SDO64 23076 205 821 1202 0. G. 0. 2,03 1.07 1.635 322 0 0. 0. 366 089 0. 0. & 0 1.17
Kodiak

KD042 23036 214 14,09 49.26 36.8¢ 20.84 1273 7.75 1.68 1.37 348 0. 0. Q. 9.44 093 1024 le.d45 1503 8.04 9.29
KD050 22946 1.8 18.63 18.53 0. 0. 0 347 3.04 0.6 1.75 0. 0. (13 6.62 191 0. 0. 0. 0. 3.
KDO57 23(006 1 87 15.8% 14.15 584 1.2 3¢ 268 142 0.64 209 0 13 0. 326 102 ®.56 ¥.98 RIS 707 747
KDO78 23010 137 19.27 9.14 7.77 0. 0 1.82 I 7.94 29 O, 0. 0. 335 018 0 0. 0. 0 1.11
KDORS 22977 204 853 6.62 0. [+ 0 4,97 252 1.48 0.7% O 0. 0. 239 088 0. 0. . 0. 1.42
KDOo#9 22300 2,03 10,91 9.32 16.86 29.96 0 7.43 1224 14.51 2z . 0. Q. 23 034 i i, 0 i 08
KD093 22612 1% 1572 11.88 9.35 0. v 1.71 7.99 kR 076 0 a. a. 2.3 1.25 0. 113 0. 0. 1.85
KDIU7 12683 212 1445 11.7 16.8 H.3 14 103 1.68 (49 Low Ay 39.75 28.84 8.21 .71 .33 47407 3314 23153 ER
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