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EXECUTIVE SUMMARY
Sitka black-tailed deer (Qdocoileus hemionus sitkensis) are the

most abundant large mammal in Prince William Sound (PWS) and the
Kodiak Archipelago. They live at or above timberline during the
summer but by late winter they are forced down to beaches that are
free from snow. It is on these beaches that deer feed extensively
on kelp and other marine flora to sustain themselves through the
most critical part of their annual nutritional cycle.

Many of the beaches that constitute deer winter habitat were ciled
during the Exxon Valdez 0il sSpill (EVOS). If deer ingested
significant amounts of o0il during the 1lowest point of their
nutritional cycle it could have effects ranging from illness to
death. It was concern for both non-lethal and lethal effects that
was the impetus for conducting this study.

The degree of oil ingestion and the concentrations that remained in
live deer tissues were measured by shooting 32 deer and analyzing
their tissues for aliphatic and aromatic hydrocarbons. One deer
had elevated concentrations of aliphatic hydrocarbons but normal
concentrations of aromatics in liver samples. Muscle samples from
that deer contained no hydrocarbons of either type that are
indicative exposure. Two other deer had elevated concentrations of
both compound types in their muscle samples, however, accidental
contamination of these samples is presumed. No significant
observations of oil ingestion, such as rumen aspirate in the lungs
of deer, were noted during gross field necropsies.

Physiological abnormalities of the deer were assessed by collecting
tissues from the same 32 deer that were killed for hydrocarbon
analysis. Tissues from 30 of these deer were submitted for
histological analysis. No oil related lesions or pathologies were
noted during gross field necropsy nor during later microscopic
examination.

Deer mortality was assessed during two searches of winter habitat.
A pilot study located:38 dead deer, none of which were determined
to have died as a result of oiling. Based on bone marrow
characteristics, starvation appeared to be the primary cause of
mortality. It is possible that oiling or human disturbance could
have led to increased starvation, however, no documentation for
this exists.

Aerial surveys were conducted during the winter of 1989-1990 and
deer were observed using oiled and unoiled beaches similarly.
Because deer were continuing to use oiled beaches, a second
mortality survey was conducted during the spring of 1990. Seven
deer carcasses were located on the nineteen beaches (15.8
kilometers) that were searched. Again starvation seemed to be a

Te fs an ondem o denk dommont. T

ath b 3 v

X . mrLyes, mw:pau:&,,n.

Pewgﬁngm ublect 0 WYX ey WY ACE 30016018
by Yo aoRacl e Brrare amgiitsl Jeotion.

:tvu Crepurtrnent of LAW pators 1.



pajor source of winter mortality. Three deer died from causes
other than starvation. Obvious oil related mortality was not
observed.

Two non-oil related pathologies were noted during field necropsies
and histological investigations. Lungworm (Dictyvocaulus spp.) was
noted in 28 of 30 deer examined. Lungworm is a parasitic roundworm
(Nematoda) that occurs in five stages. The most significant effect
of lungworm infection is its frequent association with pneumonia.

Cryptorchidism (failure of the testes to descend) was also
frequently noted in collected deer. This condition may cause
sterjility or at least a reduced sperm count and may be genetically
caused.

OBJECTIVES
The objectives of this study were as follows:

1. Test the hypothesis that deer on heavily oiled islands have
tissues and rumen contents that have been contaminated by oil.

2. Test the hypothesis that deer found dead have rumen contents
in their lungs.

3. Estimate the number of dead deer per unit area on both a
heavily oiled and a non-oiled island in Prince William Sound,
if substantial numbers of deer concentrate on oiled beaches in
the late winter of 198%-3%0, and there is evidence to suggest
that some of these deer are dying from oil contamination.

4. Identify potential alternative methods and strategies for
restoration of lost use, populations, or habitat if injury is
identified.

INTRODUCTION
Sitka black-tailed deer (QOdocoileus hemionus sitkensis) are not

native to Prince William Sound nor the Kodiak Archipelago. Between
1916 and 1923, 24 deer were captured near Sitka and transported to
Hawkins and Hinchinbrook Islands in PWS. Deer were introduced to
the Kodiak area between 1924 and 1934 when 25 deer were released on
Long and Kodiak Islands. Today, deer are the most abundant large
mammal in these areas, however, the populations have declined from
the highs in 1986-1987 due to wet springs and deep winter snow.

Hawkins, Hinchinbrook, and Montague Islands support the greatest
densities of deer in PWS. The beaches of Hawkins and Hinchinbrook
Islands were not affected by the oil spill and only the northern
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beaches of Montague Island were lightly oiled. Latouche, Green,
Knight, and the Naked Island Group, some of which have beaches that
were heavily impacted by oil, also support high densities of deer.

Deer are abundant on most islands of the Kodiak group. Shuyak
Island to the north, and Uyak Bay on southwest Kodiak Island were
the most heavily ociled. Most of the Kodiak Archipelago experienced
light or no oiling.

During the summer, deer prefer habitat that is at or above
timberline. Deer move into the high timber during fall and are
found just below the snow line during the winter months. They
continue to feed on evergreen forbs until snow forces them to feed
on woody plants such as Vaccinium spp. (blueberry). When these
plants become scarce, deer concentrate on beaches and feed
extensively on intertidal flora such as kelp (Reynolds 1979). 0il
covered large amounts of coastal flora in the weeks following the
oil spill.

The o0il spill may have affected deer reproduction and mortality in
a number of different ways. Ingestion of o0il can affect the
fermentation process in the rumen and potentially cause death from
aspiration of rumen fluids into the lungs (Rowe et al. 1972).
Exposure to crude oil, or its vapors, can have physiological
effects, leading to illness, decreased reproduction, and ultimately
death. Additionally, disturbance caused by beach cleanup workers
may have displaced deer from the coastal fringe to higher
elevations. If animals were forced from beach feeding areas
prematurely, limited energy reserves may have been depleted making
animals more susceptible to disease and mortality.

STUDY METHODS
Tissue Collection and Analysis

A sample of 32 deer was collected from PWS and the Kodiak
Archipelago by shooting with high powered rifles. Collection sites
were chosen for their proximity to oiled beaches. Deer were
necropsied as soon as possible after death and tissues for
hydrocarbon and histopathology analysis were collected according to
prescribed protocol. The presence or absence of rumen fluid in the
lungs was determined during the necropsy. Histopathology samples
were sent to a veterinary pathologist (Dr. Terry Spraker, Colorado
State University) for analysis. Muscle and liver samples were
analyzed for petroleum hydrocarbons by Texas A&M University,
Geochemical and Environmental Research Group, College Station
Texas. Samples were extracted, purified, and analyzed by gas
chromatography for aliphatic hydrocarbons and by mass spectrometer
for aromatic hydrocarbons.
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Mortality Surveys

To determine if there was evidence to suggest that deer were dying
from oil contamination, and to determine if a systematic mortality
survey should be conducted, a pilot study was conducted from May 25
to June 15, 1989. Three highly experienced deer biologists spent
over 235 man-hours surveying 9 islands in PWS and Shuyak Island
near Kodiak for deer carcasses. They searched from the beaches to
an elevation of approximately 600 feet.

To assess the distribution and numbers of deer on oiled and unoiled
beaches during the winter of 1989-1990, four aerial surveys of the
western islands in Prince William Sound were conducted between
November and February. From small aircraft, biologists recorded
observations of deer numbers and behavior, tracks, trails and snow
conditions on the beaches.

A second mortality survey was conducted on the beaches of northeast
Knight Island, Ingot Island, and Eleanor Island in April 1990.
Twenty-three man-hours were spent searching a total of 19 beaches
(15.8 linear kilometers) and 1low elevation deer habitat for
evidence of effects of oiled beaches.

During both surveys, carcasses were examined, and age, sex;
condition, location, and estimated time and cause of death of each
carcass located were recorded. The nutritional condition of the
animal prior to death was estimated by examining marrow within
femurs and humeri (long-bones) if available. If the b¢one contained
no marrow, or if the marrow was red, an assumption that fat
reserves in the animal had been metabolized prior to death was
made. If the marrow was white to yellow and gelatinous, the
presence of fat and a cause of death other than malnutrition were
assumed (Neiland 1970, Riney 1955). Deer density was inferred
subjectively from pellet groups, browse use, tracks, and trails.
Beaches were subjectively <classified according ¢to oil
characteristics.

STUDY RESULTS
Tissue Collection and Analysis

Thirty-two live deer were collected from Prince William Sound and
the Kodiak Archipelago. No oil was observed on any of the deer
collected from Prince William Sound. Two of the deer collected
from Shuyak Island had oil on their feet and legs and were killed
near or on an oiled beach. No internal abnormalities that could be
linked to oil ingestion or contact were noted during field
necropsies.
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A total of over 250 tissue samples for hydrocarbon analysis was
collected from 46 deer. Thirty two of these deer were shot and the
remainder were dead when located.

Muscle and/or liver tissue from 24 of the 32 deer were analyzed for
aliphatic and aromatic hydrocarbons. One deer (Deer No. RH-D-10;
Lab No. W18064) collected from an oiled beach in Prince William
Sound had elevated concentrations of even-numbered 1long chain
alkanes in the muscle but not in the liver. Phytane/pristane
ratios and aromatic hydrocarbon concentrations in both tissues from
this deer, however, were not indicative of exposure.

Tissues from both the deer collected from ociled beaches on Shuyak
Island (Deer Nos. TRS-SBTD-4 and TRS-SBTD-5; Lab Nos. 20476 and
20477) had elevated concentrations of even-numbered long chain
alkanes, high phytane/pristane ratios, ¢l -c4 naphthalenes of 838
and 3407 ng/g (or parts per billion), dibenzothiophene
concentrations of 64 and 226 ng/g, and cl-c3 dibenzothiophenes of
800 and 3579 ng/g in muscle samples. These deer were observed
feeding on the oiled beaches and oil covered their legs when they
were shot. According to the collector some potential for
contamination of these muscle samples exists. Since samples from
the liver (the primary organ for detoxification) of these two deer
did not <contain any evidence of elevated hydrocarbon
concentrations, accidental contamination is presumed.

Tissues from 30 deer were sent for histopathological investigation’
Tissues from 23 of those deer were also sent for hydrocarbon
analysis. Those tissues were microscopically examined for lesions
and any other oil related pathology, however none were found.

Two non-o0il related pathologies were noted during field necropsies
and histological investigations. Lungworm (Rictyocaulus spp.) was
noted in 28 of 30 deer examined. Lungworm is a parasitic roundworm
(Nematoda) that occurs in five stages. 1Its general life cycle
includes ingestion of 1larva by ruminants while feeding on
vegetation, molt in the intestine of the ruminant, transport via
the lymph and bloodstream to the lungs where the larvae overwinter,
and migration of the fifth stage lungworm to the trachea where it
is swallowed and ultimately passed out in the feces (Dau 1981).

The most significant effect of lungworm infection is its frequent
association with pneumonia. Pneumonia is thought to be a result of
the secondary infection of lung tissues that have been affected by
the worms (Anderson 1971). Lungworm and the associated pneumonia
have been suggested as the primary natural regulating force of
bighorn sheep populations in the Rocky Mountains (Buechner 1960,
Forrester and Senger 1964).

Cryptorchidism (failure of the testes to descend) was also noted in
a collected deer. Bilateral cryptorchidism would lead to sterility
because of the temperature of the abdominal environment in which
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the testes are retained. Unilateral cryptorchids are usually
fertile, however, sperm count would be reduced from normal (Jubb
and Kennedy 1970). If some deer are unable to reproduce it may be
of importance to the current reproductive potential of the
population as a whole. Cryptorchidism is most likely attributable
to the small gene pool derived from the original transplant of only
24 deer. Some deer may possess the gene for cryptorchidism but not
exhibit the trait. Subsequent transplants from this population
should be sufficiently large to ensure that cryptorchidism is not
a predominant trait in the transplanted gene pool.

Mortality Surveys

During the pilot study of 8 islands in PWS and Shuyak Island, 38
dead deer were examined. None had tissues that were suitable for
either hydrocarbon or histological analysis. No o0il was observed
on any of the deer found dead.

Few live deer were observed on either oiled or unoiled beaches
during any mortality survey. This may have reflected the natural
tendency to move to higher elevations and away from beaches, or it
may have been a result of displacement due to human disturbance.
Sign of human activity was heavy on all of the beach fringe
wintering areas searched. Displacement could have lead to an
earlier than normal depletion of stored energy reserves and could
have caused some increase in winter mortality.

Deer densities in the area were high prior to the oil spill.
Twenty-nine of the 38 deer examined during the pildt study were
believed to have died as a result of malnutrition during the
somewhat severe winter of 1988-1989. Eight deer were assumed to
have died from unidentifiable causes other than starvation or
oiling and the type of death of one deer was unknown. Deer that
may have been killed by a combination of starvation and oiling,
probably would have been classified as starvation mortality by
examination of the remaining bone marrow. The typical winter
mortality carcass consisted of hair, bones, and some skin. No soft
tissues were found and little or no odor could be detected. The
composition of starvation mortalities was 17 fawns, 7 adult males
and 5 adult females.

Some fresh deer sign was found in all forested areas and many of
the beaches walked. For the most part, biologists observed that
the Vaccinium spp. in the area was heavily browsed. Deer
mortalities that could be directly attributed to the oil spill were

not detected.

A total of 8 hours, distributed over 4 surveys, was spent in the
air documenting the use of oiled and unoiled beaches by deer. The
first flight was flown at the end of November 1989 and few deer
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were observed using the beaches. Snow had not yet covered all
other available habitat. Two other flights were flown in late
January 1990, and 38 and 74 deer respectively were observed. A
third flight, in February located 104 deer on the beaches. During
none of the surveys were any differences in deer behavior,
distribution, or numbers detected between oiled and unoiled
beaches. Snow depth was observed to be the greatest influence on
the deer use of beaches.

Because deer were continuing to use beaches that had been oiled, a
follow-up investigation of deer mortality on the beaches of
northeast Knight Island, Ingot Island, and EBleanor Island was
conducted in April 1990. During this survey, 10 of 19 beaches were
subjectively classified as heavily oiled, 5 beaches as moderately
oiled, and 4 beaches as lightly or not oiled. Each of these
classifications is in general agreement with the Alaska Department
of Environmental Conservation beach-segment oiling classifications
developed from surveys conducted throughout 1989.

A total of seven carcasses were located on three beaches. No deer
carcasses were located on the other 16 beaches. All of the
carcasses found consisted of only a few bones, skin, and hair. The
possibility of oil contributing to the death of these deer could
not be confirmed or denied. Of the seven deer, two male fawns and
one female fawn were located on a large, heavily oiled beach on the
east shore of Knight Island between Louis Bay and Bay of Isles.
Bone marrow was lacking in all three of these deer, suggesting the
deer had died of malnutrition.

Four other deer were located on the northeast shore of Knight
Island between Louis Bay and Mew Cove. This group wag composed of
two adult deer of unknown sex, one which had been dead too long for
an accurate marrow determination, and one that contained marrow
that indicated malnutrition was not the cause of death. One adult
male and one female fawn were also found, both of which had healthy
active marrow, indicative of some other cause of death than
malnutrition.

Generally, deer continued to use oiled and unoiled beaches
similarly. Subjective evaluation of density of deer tracks, pellet
group density, and browse use, indicated a similar pattern on both
types of beaches. It is possible, although unlikely, that some of
the seven deer carcasses located during this second survey had
drifted into the beaches on which they ware found and had not died
there. This is based on the exposure of the beaches, and the
location of the carcasses when found (in the drift line). No
conclusion regarding the effects of oil on deer survival on these
beaches could be made.

This is an intedm or gt dosurmant. Dok
pras~viation,  acwlyBw, NwErelaia, ad
corck-ors, mea ndsscl ' argn. Uwadae 29
BEOoUrEOn D et the Emvdr. reaisl Section,
. i “ 1 .
Alaska Cwowtmunt of Law bdror ting ACE 30016024



DISCUSSION

Thirty-two deer were collected for hydrocarbon and histological
analysis. Gross field necropsies of collected deer showed no
indication of internal effects of oil contamination. Analytical
results indicate that up to 13 percent of the deer sampled (3 of
24) may have contained some sort of elevated hydrocarbon
concentrations. Exposure in one of these deer is uncertain because
only one type of hydrocarbon indicator was found in elevated
concentrations. The other two deer had high concentration of
aromatics and aliphatics in the muscle, however, no hydrocarbons
indicative of exposure in the liver. The collector feels that some
possibility of accidental contamination exists.

Histological reports indicate no oil related pathologies found,
however, physioclogical damage to deer cannot be completely ruled
out. If deer were only mildly affected by oil ingestion or if they
were displaced from critical winter habitats by cleanup activities,
they may have been less able to survive the winter. These effects
would have been masked by normal late winter malnutrition and
starvation.

Mortality surveys conducted in May and June 1989, and April 1990
indicated that the primary cause of deer mortality was starvation.
Mortality complicated by oiling was not detected. It is possible
that some mortality may be have been caused by subjecting deer to
increased physiological stress due to contact with oil, or by
earlier than normal displacement from their winter habitat due to
cleanup related disturbance. This study would not have documented
these effects as oil damage but instead would have attributed this
type of mortality as malnutrition/winter starvation. . This type of
indirect mortality was probably the greatest source of damage to
deer populations as a result of the EVOS. With the information and
methods available, the number of deer affected in this way cannot
be estimated.

CONCLUSIONS

Laboratory analysis of samples of deer muscles and livers found no
conclusive evidence of hydrocarbon exposure in deer. Three samples
contained hydrocarbons indicative of exposure, however, possible
contamination and difficulty in interpretation of hydrocarbon data
do not allow for an interpretation of exposure to oil from the
EVOS.

Field necropsies and histological examination of deer tissues
detected no abnormalities associated with oil.

Mortality from oil exposure was not documented. The primary cause
of death of deer found dead on the beaches was winter starvation.
0il exposure and premature displacement of deer from late winter
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Summary of GERG Analytical Methods

The sediment samples were freeze-dried and extracted in 2 Soxhlet extraction
apparatus. A flow diagram of the procedure is attached. Briefly, the freeze-dried sediment
samples were homogenized and a 10-gram sample was weighed into the extraction thimble.
Surrogate standards and methylene chloride were added and the samples extracted for 12
hrs. The extracts were treated with copper to remove sulfur and were purified by
silica/alumina column chromatography (MacLeod et al., 1985; Brooks et al., 1989) to
isolate the aliphatic and aromatic/pesticide/PCB fractions.

The tissue samples were extracted by the NOAA Status and Trends Method
(MacLeod et al., 1985) with minor revisions (Brooks ez al., 1989; Wade ez al., 1988). A
flow diagram of the procedure is attached. Briefly, the tissue samples were homogenized
with a Teckmar Tissumizer. A 1to 10-gram sample (wet weight) was extracted with the
Teckmar Tissurnizer by adding surrogate standards, Na2S04, and methylene chloride ina
centrifuge tube. The tissue extracts were purified by silica/alumina column
chromatography to isolate the aliphatic and PAH/pesticide/PCB fractions. The
PAH/pesticide/PCB fraction was further purified by HPLC in order to remove interfering
lipids.

The quantitative analyses were performed by capillary gas chromatography (CGC)
with a flame ionization detector for aliphatic hydrocarbons, CGC with electron capture
detector for pesticides and PCB's, and a mass spectrometer detector in the SIM mode for
aromatic hydrocarbons (Wade et al.., 1988). :
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FLUOD 10
NAPHOS: 78.4 6.7 47.0 7.4 68.3
PERYDIZ: 66.3 81.4 121.8 142.7 107.8
PHEND10: 9.8 81.2 n.e 93.4 3.1
C12ALKD: 8.2 5.3 101.1 0.4 70.6
C20ALKD: 92.6 87.9 119.4 .2 87.2
C24ALKD: 93.8 87.4 116.6 137.6 873
C30ALKD: 9.1 85.8 110.4 91.1 85.6
INTFLAG: )
PON: 85800-0-6017 85800-0-6017 85800-0-6017 85800-0-6017 85800-0-6017
CATHO: 6113 6113 6113 4113 6113
o ™m &
SR B
e B e a1 eo; o FIREECH,  ang
., . : \ (.
Nang TS ORI 1n e g et 39
@ INRAIIN of Lo Luriwn 1 pl Se.tion,
6029
A LML
€7 TS LABNAME: GERG/TAMU DATE: 27-Apr-90 LAR APPROVAL:
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RATIOMAL RESOURCE DAMAGE ASSESSMENT - GENERAL INFORMATION - CATALOG § 6113

INvESTS:
102 20478 20480 20481 20482 20483
LABSANNO 2 %2297 2299 %2301 %2303 2305
METHOOD ¢ GCFID GCFID GCFID GCFID GCF1D
LABSAMNO : e K2300 42302 2304 N2306
METHOD: ons GOns GCNS GLNS GCns
QCBATCH: w0y w003 %POO3 §POO3 PO0Y
LAS: GERG GERG GERG GERG GERG
MATRIX: TisSSUE TISSUE TISSUE TissUE TisSsuE
SUBMAT : LIvER LIVER LIvER LIVER
SANPLUT:
WETWT: 2.50 2.51 2.5% 5.3 2.2
DRYWT: 0.63 0.7 0.57 0.83 0.62
YoL:
ACEND10: 7%.2 n.7 56.2 81.1 86.9
BENAD12: -
CHRYD12: .5 74.8 70.9 .5 ) LA
FLUQD10:
NAPHOA: 67.4 60.7 $2.3 56.6 57.6
PERYD12: 90.0 83.6 86.5 83.5 76.5
PHEND10: 2.3 »n.8 68.0 7.2 80.2
CI2ALKD : 74.1 3.3 7.7 78.3 83.0
C20ALKD: 2.0 87.1 85.2 83.1 8s.5
C24ALKD: a3.6 8.5 85.0 8.2 sx.8
C30ALKD: 8.9 8.8 5.6 88.1 85.6
INTFLAG: )
PON: 85800-0-6017 25800-0-6017 85800-0-6017 85800-0-6017 35800-0-6017
CATND: 6113 6113 6113 13 6113
s is wn ivievim 2 den
Emr, R s o
Beiibinuly :‘ o mal ke NanER Cygders 3,9
Haiks Lopg S0 m B “v-enis! Segon,
LAY of Liw teroey thdg,
LABNAME : GERG/TAMU OATE: 27-Apr-90 LAS APPROVAL: /r:b\a..;, 1. wude

ACE 30016030
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NATIONAL RESOURCE DAMAGE ASSESSMENMT - GENERAL INFORMATION - CATALOG @ 6113

INVESTS: PROC BLANK SPIKED MATRIX SPIKED MATRIX
1D: 20481 20481
LABSAMNO: U014 UotL? vot49

ME THOD : GCFID GCFID GCFID
LABSAMNO: Uo14é uc1es o150
METHOD: GCNS GOns GOns
QCBATCN: w003 w003 w003
LAS: GERG GERG CERG
MATRIX: TISSUE TISSUE
SUBMAT:

SANPAYT 2

WETWT: 2.12 2.30
DRYWT 2 0.47 0.51

L+ 8

ACEND10: 4.7 .2 70.7
BENAD12:

CHRYD12: 59.6 93.8 85.3
FLUOD10:

NAPHDS: 8.4 5.9 $9.1
PERYD12: 67.6 107.6 104.5
PHEND 10: 8.0 87.5% 8.5
C12ALKD: 80.0 8.7 .9
C20ALKD: 89.0 3.7 93.7
C24ALID: 92.2 ®.0 9.3 :
C30ALID: 85.0 9.6 98.0
INTFLAG:

PON 2 $5800-0-6017 85800-0-6017 85800-0-6017
CATNO: 6113 6113 6113 :

E?z in t:n e o et dovurrens Outa
wmm aron,  Meuyse  vwepesimae v
ook HOM Gre sibinct NG Th, ﬂj‘@q o
ENCORNAGEN 0 207N e Sreir, L AN S«:i-ao,
ARk DopRrtment of Law Sdore cining.

LABNANE: GERG/TANY DATE: 27-Apr-90 LAB APPROVAL : ’f&v«;‘h S . W

ACE 30016031
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NATIOMAL RESOURCE DAMAGE ASSESSMENT - ALIPKATIC NYDROCARBON DATA - CATALOG # 6113

INVESTH:
10: 20674 20475 20476 2477 20479
LABSANNO': w2287 %2209 2291 N2293 2293
Alkanes and

Isoprencids Conc DS GUAL Conc D§ QUAL Conc D8 QUAL Conc DB QUAL Conc 0@ QUAL
UNIT: /9 ro/s no/g /s ne/g
c10 73.59 0.00 <087.71 984398 %0.72
e 0.00 0.00 143.86 45.32 0.00
12 0.00 0.00 172.76 179.49 18.51
c13 15.37 13.20 736.57 250.93 .33
cl% 32.17 21.60 1766.02 1129.80 3.2
15 0.00 0.00 AR 4 $504.77 15,97
16 116.49 0.00 $008. 89 1425.88 84.35
c17 60.00 0.00 5639.30 334,15 58.01
PRISTANE 0.00 0.00 4130.8 139,34 57.38
c18 28.29 0.00 $443.30 2150.46 .18
PNYTANE 2,52 0.00 3455.01 1275.08 2.9
c19 20.39 0.00 $351.60 2012.84 21.30
c20 0.00 0.00 5419, 14 1867. 41 31.19
2 109.15 34.68 $382.43 2016.56 33.07
c22 15.32 0.00 495441 1810.67 155.85
23 202.56 95.25 $928.87 1291.54 84,45
c2¢ 29.54 18.38 4433.02 954,97 2746
2 301.55 215.21 6968.49 1261.29 $1.05
c26 28.09 0.00 3163.48 766,13 26.9%
c27 713.78 499.53 16416.18 1056.42 32.23
c28 54.38 =.2 $725.20 $90.49 22.43
29 1343.78 566.05 STS08.28 1648,81 179.02
30 108.53 0.00 5396.49 $83.33 15.76
31 2295.00 727.41 81313.9% 3497.55 834.20
32 7.4 28.01 3128.57 519.50 50.78
¢33 1653.73 444,86 29020.75 316,70 888.80
% 0.00 0.00 1253.2 8,77 0.00
TOT ALKANES 7315.7 2689.4 276996.3 49378.9 2006.3
UNIT: ug/e /e w/e w/e /e
uon 13.0 8.6 4.6 136.8 0.0
Surrogate Recoveries

C12ALKD: 8.2 80.3 101.1 5.6 70.6
C20ALKD: 92.6 87.9 19.4 ».2 87.2
C26ALKD: 93.8 87.4 116.6 137.6 87.8
C30ALKD: 9.1 ss.8 110.4 .1 85.6
"LABMAME: GERG/TANU DATE: 27-Apr-90 LA APPROVAL: ‘{"“‘“’ 1. wte

/
ACE 30016032
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MATIONAL RESOURCE DAMAGE Aﬂs’fll < ALIPHATIC NYDROCARSON DATA - CATALOG # 4113

INVESTSH:
103 20478 20480 20481 20482 20483
LABSAMNO 1 n2297 n2299 42301 %2303 2308
Alkanes and
Iscprencids Conc D8 QUAL Conc D8 QUAL Conc D8 GUAL Conc DB QUAL Conc 08 QUAL
WIT: ~/e /e ™m/9 no/9 /9
c10 2.5 . 7.8 73.40 8TM9.22 .7
11 6.00 0.00 37.9¢ .21 0.00
€12 0.00 0.00 17.20 10.12 0.00
c13 0.00 0.00 1.76 13.00 0.00
c14 0.00 26.13 21.98 32.70 0.00
cts 15.18 0.00 62.07 684458 10.71
€16 $3.6% 61.70 S7.49 87.45 30.97
€17 33.15 34.8 8. .02 101.71 .51
PRISTANE 0.00 0.00 0.00 0.00 C 30.74
c18 0.00 21.20 19.73 442,90 13.33
PHYTANE 0.00 0.00 0.00 82.43 42.47
c19 0.00 9.00 0.00 115.46 10.49
€20 0.00 0.00 0.00 26.02 15.31
e 0.00 29.08 0.00 201.82 17.04
c22 0.00 0.00 0.00 $2.03 16.05
23 .00 65.95 0.00 370.0% 19411
2% 0.00 0.00 0.00 .60 14.01
c2s 0.00 51.38 34.08 393.92 s.2
) 2% 0.00 0.00 0.00 %.97 13.50
§ E% § 27 58.16 75.41 38.60 1091.39 56.05
33 e 0.00 0.00 15.8 %.98 0.00
;i :51 % c29 108.7 w.n 7.3 2843.77 233.89
E TR 30 0.00 58.92 .88 421.96 53.08
3. ¢ z c31 195.68 319.54 1%9.27 2201.72 581.92
T 32 0.00 0.00 0.00 127.45 26.92
i fagd 33 189.88 197.73 107.63 359.04 292.82
L 3; c3% .00 0.00 8.7 0.00 0.00
5riaz
£ 2 £ TOT ALKANES .7 1213.5 8.7 2564.7 1577.9
13 4
¢ § 5 gg UMIT: tugle /e w/s wi/g W/
A :
e 5199 uon 0.0 0.9 0.0 108.2 0.0
21
Fs
Surrogate Recoveries
CI2ALD: 74.1 3.3 74.7 78.3 83.0
C20ALKD: 85.0 87.1 85.2 88,1 88.%
C26ALKD 2 83.6 R 85.0 86.2 8s.8
CI0ALXD: 82.9 ss.a 85.6 8.1 85.6
LABNAME: GERG/TANS DATE: 27-Apr-90 LS APPROVAL: /ftANIr L. oe

ACE 30016033
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RATIGHAL RESOURCE DAMAGE ASSESSMENT - ALIPHATIC NYDROCARSON DATA - CATALOG # 6113

INVESTS: PROC BLANK SPIKED MATRIX SPIKED MATRIX
10t 20481 20481
LABSAMNO; Uo14s W7 V0149
Alkanes and
Isoprencids Conc DB QUAL X Recov DB QUAL X Recov DB QUAL
mir: ng/g X X
€10 0.00 A "
1 .00 A "
c12 0.00 101.4t %66
c13 0.00 A "
clé 0.00 " A
c1s 0.00 102. %4 100.32 E! 2R ?
c1é 0.00 A ¥ 8 g 3
c17 16.03 97.06 9%.43 o gg ¥
PRISTANE 0.00 97.66 9.5 £ i3
c18 0.00 95.45 93.95 gg '3 i
PHYTANE 0.00 NA " g § . s
€19 0.00 “ " 2 gg £
€20 0.00 gz ‘§ 2
c21 0.00 99.68 98.80 : §
c22 0.00 " " g 25
c23 0.00 " " 3 E. g .
c2¢ 73.66 110.00 101.51 gg .
cs 0.00 XA A d -
€26 0.00 XA " . ;g
car 0.00 %A A . «
c28 0.00 107.17 98.81 : 53§
c29 0.00 KA KA
c30 0.00 9.8 94,43
c31 0.00 KA RA
€32 0.00 118.05 111.86
C33 0.00 NA RA
7% 0.00 103. % 98.7%
TOT ALKANES 89.7 NA nA
wiT: w/e w/9 /s
uc 0.0 A NA
surrogate Recoveries
C12ALKD: 50.0 8.7 7.9
C20ALKD: 89.0 9.7 93.7
C24ALKD: 92.2 8.0 95.3
C30ALKD: 83.0 3.8 98.0
LABMANE : GERG/TANY DATE: 27-Apr-90 LAB APPROVAL: "‘(/ m?'l.. MVQ{‘

ACE 30016034
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NATIONAL RESOURCE OAMAGE ASSESSMEMT - AROMATIC WYDROCARGBOM DATA - CATALOG # 6113

INVESTS:

102 20474 20473 {uanmee 1.0 20679
LABSAMNO: u22s8 2290 uz292 N229% n229%
umMIT: /9 m/9 /e /g n/g
PNA Aralyte Conc 08 GUAL Conc 08 QUAL Conc 08 QUAL Conc D8 QUAL Conc DB QUAL
NAPHTHALENE 4.78 4.7 3.7 2.9 6.74
C1-NAPHTHALENES 0.00 0.00 68.70 2.7 0.00
C2- NAPHTHALENES 0.00 9.00 593.20 181.20 0.00
C3- NAPHTHALENES 0.00 0.00 1469.90 362.20 0.00
C4-NAPHTHALENES 0.00 0.00 1272.30 265.90 0.00
SIPHENTL 0.12 0.7% 20.92 8.2 1.94
ACENAPHTHRYLENE 4.68 4.73 0.8% 1.43 .77
ACENAPHTHENE 0.48 1.06 7.38 2.10 1.16
FLUORENE 4. 20 3.81 55.96 15.81 4.32
C1-FLUOPERES 0.00 0.00 273.50 85.10 0.00
€2+ FLUORENES 0.00 0.00 0.00 192.9¢ - . 0.00
C3- FLUORENES 0.00 0.00 761.00 182.20 0.00
PHENANT HRENE 2.67 2.61 348.03 8.77 2.n
ANTHRACEME 0.00 0.00 31.63 2.08 0.00
C1-PHEN_ANTRR 0.00 0.00 112.70 266.50 0.00
C2-PHEN_ANTHR 0.00 0.00 1569.90 374.8% 0.00
C3-PREN_ANTHR 0.00 0.00 1232.20 218.70 0.00
C4-PHEN_ANTHR 0.00 0.00 721.20 160.30 0.90
DIBENZOTHIO g.58 0.6% 225.9% 64, 24 1.38
C1-OI8EN 0.00 0.00 757.30 178.20 0.00
C2-D18EN 0.00 0.00 1428, 70 317.80 0.00
C3-DIBEN 0.00 0.00 1393.10 304.20 0.00
FLUDRANTHENE 3.4 3.50 54.89 1.67 3.00
PYRENE 1.32 1.7 31,44 5.67 1.54
C1-FLUORAN_PTR 0.00 0.00 213.50 57.50 0.00
BEWaANTNRACENE 0.00 5.62 17.91 $.00 4.6
CHRYSENE 3.78 I.an 87.%7 29.75 3.8t
C1-CHRYSEKES 0.00 0.00 167.90 78.80 0.00
CZ-CHRYSENES 0.00 0.00 227.50 112.90 0.00
C3-CHRYSENES 0.00 0.00 121.10 67.90 0.00
C4-CHRYSENES 0.00 0.00 89.70 45.60 0.00
BERDFLUORAN 0.00 0.00 8.5 0.79 0.00
BENKFLUORAN 0.00 0.00 9.09 0.8 0.00
SERMPYRENE 0.00 0.00 24.87 5.20 0.00
BENSPYREWE 0.00 0.00 7.1 0.48 0.00
PERYLENE 1.R 1.7 2.4% 1.0% 0.92
1123cPTRENE 5.32 $.33 3.% 2. &£.80
DBShANTHRA 0.59 0.42 6.9 1.43 1.53
BghiPERYLEME 0.08 0.00 9.0% 3.57 0.00
LABNAME: GERG/TAN OATE: 27-Apr-90 LAS APPROVAL: /l‘;"”“:}l' et ! :

ACE 30016035
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NATIONAL RESOURCE DAMAGE ASSESSMENT - AROMATIC NYDROCARBOM DATA (COMT)- CATALOG # 6113

18VESTS:

10 2RT4 20473 20476 20477 20479
LABSANNO =288 %2290 02292 2294 N2296

UNIT: m/9 na/e rg/9 /9 ng/9
Ansiyte (Cont} Conc D8 QUAL Conc DB QUAL Conc 08 QUAL Conc OB QUAL Conc DB GLAL
- METHYLAAPH 4.30 12.08 85.94 35.32 ' 9.58
1-METHYLNAPH 6.55 7.43 $7.74 24.75 6.58
2,6-DINETHNAPN 1.% 2.98 163.53 61.1% 2.17
2,3,5-TRIRETHRAPH 4.8 5.13 298.29 86.53 .n
1-METHYLPHEN 1.8 0.62 259.01 81.53 1.56

Surrogate Recoveries

NAPHDS: 76.4 6.7 47.0 T4 66.3
ACEND10: 163.0 72.6 5.0 8.0 7.4
PHEND10: 92.8 81.2 0.0 3.4 88.1
CHRYD12: 5.9 .0 113.5 105.5 ar.8
PERYD12: 8.3 81.4 121.8 142.7 107.8
Tia 1y ,,
A Brarytine, e

W)
LABRANE: GERG/TAMU DATE: 27-Ape-90 LA APPROVAL: p.»-«;[Z.. -

ACE 30016036
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NATIOMAL RESOURCE DAMAGE ASSESSMENT - ARGMATIC NYOROCARBOM DATA - CATALOG # 6113

INVESTH:

103 20478 20430 20481 204682 20483
LABSAMNO N2298 w2300 N2302 €Z304 §2306
WiT: rg/e rg/e /e no/g ne/e
PKA Aralyte Conc DS QUAL Conc 08 QUAL Conc D8 QUAL Conc D8 QUAL Conc DB. GUAL
HAPHTHALENE 3.4 4.00 5.92 2.49 L2
C1-NAPNTHALENES 0.00 0.00 0.00 0.00 0.00
C2-NAPHTRALENES 0.00 0.00 0.00 0.00 0.00
C3-MAPHTHALENES 0.00 0.00 0.00 0.00 0.00
Co~NAPHTRALENES 0.00 0.00 0.00 0.00 0.00
SIPHENTL 0.00 0.3 0.00 0.17 0.4%
ACENAPNTHYLENE 400 3. 3.88 2.38 4.88
ACENAPNTHENE 1.26 0.00 1.2 0.40 0.97
FLUORENE 3.04 2% 3.61 1.66 3.51
C1-FLUORENES 0.00 0.00 0.00 0.00 0.00
€2+ FLUORENES 0.00 0.00 0.00 0.00 0.00
C3- FLUORENES 0.00 0.00 0,00 0.00 0.00
PHEMANTHRENE 2.68 3.17 5.0 1.67 2.09
ANTHRACENE 0.00 0.00 0.00 0.00 0.00
C1-PREN_ANTIR 0.00 0.00 0.00 0.00 0.00
C2-PHEN_ANTIR 0.00 0.00 0.00 0.00 0.00
C3-PHEN_ANTHR 0.00 0.00 0.00 0.00 0.00
CA - PHEN_ANTIR 0.00 0.00 0.00 0.00 0.90
DIBENZOTHIO 1.07 0.40 0.68 0.81 2.18
C1-DISEN 0.00 0.00 0.00 0.00 0.00
C2-D18EN 0.00 0.00 0.00 0.00° 0.00
C3-D10EN 0.00 0.00 0.00 0.00 0.00
FLUORANTHENE 2.9 2.7 2.82 0.68 3.27
PYRENE 1.47 1.5% 1.40 1.03 1.62
C1-FLUORAN_PYR 0.00 0.00 ©.00 ¢.00 0,00
BENAANTHRACENE 4.90 4.62 &.48 .26 $.39
CHRYSENE 3.57 3.52 3.18 1.96 3.9
C1-CHRYSENES 0.00 0.00 0.00 0.00 0.00
C2-CHRYSENES 0.00 0.00 0.00 0.00 0.00
C3-CHRYSEMES 0.00 0.00 0.00 0.00 0.00
CA-CHRYSENES 0.00 0.00 .00 0.00 0.00
BENDFLUORAN 0.00 0.00 0.00 6.0 0.00
BENKFLUORAN 0.00 0.00 0.00 0.00 0.00
SENGPTRENE 0.00 .00 0.00 .00 0.00
BENPYREWE 0.00 0.00 0.08 0.00 0.00
PERYLENE 0.00 0.88 0.82 .00 0.00
11283cpRER 0.00 4.5 4,87 0.00 0.00
DEshANTIRA 0.00 0.00 0.00 0.3 0.00
SghireryLEmE 0.00 4.12 4.04 6.00 4,52
LASNANE: GERG/TANU DATE: 27-Apr-90 LAS APPROVAL: g L. I

i

ACE 30016037
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MATIONAL RESOURCE DAMAGE ASSTSSMENT - ARCMATIC NYDROCARSOM DATA (CONTY- CATALOG # 6113

.

1NvESTH:

101 20478 20480 20481 20482 20483
LABSANIG: n2298 2300 302 N304 nZ306

LT ne/9 ng/9 ng/e rg/g ™/9
Aratyte (Cont) Conc D8 QUAL Conc DB QUAL Conc DB QUAL Conc DS QUAL Conc D8 QAL
2-METHYLNAPH 8.4 9.88 7.83 .38 8.62
1-METNYLNAPN 5.52 $.29 .52 3.57 6.15
2,6-DIMETHNAPH 1.68 2.7 2.37 1.6 2.3

2,3,5- TRINETHMAPH .’ 4.18 r.m .93 4.38
1-METHYLPHEN 2.87 1.19 1.9 0.71 1.54

Surrogate Recoveries

NAPHDS: 7.4 60.7 52.3 55.6 57.6
ACEND10: 7.2 .7 54.2 81.1 6.9
PHEND10: 9.3 7.8 68.0 7.2 80.2
CHRYD12: .5 76.8 7.9 7.5 7.1
PERYD12: 9.0 3.6 8.5 8.5 7.5

.

The In an imevien or g% dequmont.  Dpts
Fwareption  spibreig vwepreiaton, et
CONONISIGES RIS 308 3 W few Puaden e
CHUTAQOd 1 30 inet i S hnvsate] Sevion,
Angia Capartment of Lew bivove citing.

{M‘L.Wu\%"

" LASKAME: GERG/TANJ DATE: 27-Apr-90 LAB APPROVAL: Y
ACE 30016038
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NATIOMAL RESOURCE DAMAGE ASSESSMENT - AROMATIC NYOROCARSON DATA - CATALOG # 6113

SPIKED MATRIX

Asicr Capartmont of Lew taves <hing.

INVESTH: PROC BLANK SPIKED MATRIX

0 20481 20481
LABSAMNO: Wotes uot4s o150
UNIT: rg/g ] %
PNA Aralyte Conc D8 QUAL X Recov DB QUAL X Recov DB GUAL
NAPHTHALENE 4.06 8.7 ar.7
C1-NAPHTMALENES 10.18 A "
C2-MAPKTHALENES 0.00 NA A
C3-NAPHTHALENES 0.00 M A
Ch~NAPKTHALENES .00 NA A
SIPHENYL 0.02 98.5 9.4
ACENAPHTHYLENE L.49 ¢3.0 88.0
ACENAPHTHENE 0.00 97.2 92.3
FLUORENE 4.1 93.9 92.9
C1-FLUORENES 0.00 M A
C2-FLUORENES 0.00 NA RA
C3-FLUORENES 0.00 NA MNA
PHENANT HRENE 1.9 7.1 92.0
ANTHRACENE 0.00 9.1 88.2
C1-PHEN_ANTHR 0.00 7 NA
C2-PKEM_ANTHR 0.00 NA NA
C3-PHEN_ANTHR 0.00 uA wA
Ch-PHEN_ANTHR 0.00 A nA
DISENZOTHIO 1.06 105.4 9.9
C1-DIBEN 0.00 NA NA
C2-018En 0.00 HA A
C3-01BEN 0.00 NA XA
FLUORANTHENE 3.49 109.0 101.1
PYRENE 1.3 9.8 1.5
€1+ FLUORAM_PYR 0.00 nA NA
SENMANTHRACENE 1.10 8.6 87.2
CHRYSENE L.84 102.8 101.0
C1-CHRYSENES 0.00 KA NA
€2-CNRYSENES 0.00 Ty 7y
C3-CNRYSENES 0.00 NA NA
CA-CHRYSENES 6.00 NA NA
BENDF LUORAN 0.00 8.3 81.5%
SEHKF LUORAN 0.00 8.5 86.6
SENAPYRENE 0.00 109.0 9.3
SENPTRENE 0.00 74.3 0.2
PERYLENE 1.% 84.7 88.4

11 5cdPYRENE 0.00 8.2 7.7
O8ahANTHRA 1.9 9.5 100.9
Bgh {PERYLENE 5.17 63.5 6.8
@3 deumert.  Dpa
Dyen [ mel
S”W}?ﬁw&r,‘&:r‘
LABNAMNE : GERG/TAN DATE: 27-Apr-90

-

LAS APPROVAL: {!Aﬂy 2. 3R
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NATIONAL RESQURCE DANAGE ASSESSMENT - AROWATIC NYDROCARBON DATA (CONT)- CATALOG # 6113

1NVESTH: PROC BLANK SPIKED MATRIX SPIKED MATRIX
10: 0 20481 20481
LASSANNG: wo14é U048 w150
UMITs /9 X 4
Analyte (Cont) Conc DB QUAL X Recov DS QUAL X Recov DS QUAL
Z-METHYLNAPH 1.07 139.8 $43.2
1-METHYLNAPYH 3.08 108.4 106.%
2,6-DINETHNAPN 1.50 8.4 52.6
2.3, 5- TRIMETHNAPH 4.67 91.3 9.6
1-METNYLPNEN 0.87 100.4 9.5
Surrogete Recoveries

NAPHDE : 68.4 65.9 $9.1
ACEND10: 74.7 5.2 70.7
PHEND10: 81.0 87.% 8.5
CNRYD12: 59.6 93.8 85.3
PERYD12: 67.6 107.46 104.5
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