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ASSESSMENT OF THE PAH CONTAMINATION OF POPULATIONS OF THE
FORAGE FISH, SAND LANCE (dmmodytes hexapterus), INHABITING
CLEAN AND OIL-IMPACTED SEDIMENTS

ABSTRACT

APEX investigators collected samples of sand lance from Northwest Block Island, Southeast
Eleanor Island, North Cabin Bay, and East Bob Day Bay. Sediments were collected from
Southeast Eleanor Island, Northwest Block Island, MacPherson Isthmus, Fuel Cache Beach,
MacPherson Narrows, and East Bob Day Bay. All samples were extracted by EPA methods
(3540, 3550) to produce dichloromethane (DCM) extracts, and small aliquots of these were
applied to human liver cancer cells (101L), which produce a luminescent enzyme (luciferase) if
dioxins, furans, coplanar PCBs and polycyclic aromatic hydrocarbons (PAHs) are present. The
amount of luciferase produced (light) is measured with a luminometer, and the intensity is a
function of the concentrations and potency of the planar organic compounds present in the
extract. This test simulates the response of mammals and fish which may ingest contaminated
Ammodytes. Tissue extracts were from composites of several whole fish, with the combined
dry weight per sample of between 0.5 and 2.9 grams. Previous investigations with fish tissue
-collected in Southern California have detected levels of PAHs of from 0.3 to 4.0 pg of
Benzo(a)pyrene Equivalents per g (ppm) in muscle, liver and ovary tissues. In this study,
sediments were found to contain between 0.2 and 3.5 ng B(2)PEq/g. Levels of approximately
3 ng B(a)PEq/g were found in sediments collected at Eleanor Island SE and Block Island
NW. Many of the sand lance samples did not show any significant contamination, but other
samples ranged from 2 to 16 pg B(a)PEg/g. A few samples of fish from Block Island NW
contained 5.5 to 16.2 pg B(a)PEq/g, and one sample from East Bob Day Bay contained 3.3 ug
B(a)PEq/g. When the data are expressed as pug B(a)PEq/g lipid, values as high as 82 were
observed. There appears to be significant contamination in some of the fish and sediment
samples, which is likely from high molecular weight PAHs. These data will need to be
discussed with the investigators who collected the samples and others with knowledge of the
levels of oiling at these sites during the spill. Extracts can be sent to an analytical laboratory for
confirmation.

INTRODUCTION

Sand lance (Ammodytes hexapterus) are marine fish inhabiting the coastal Northeast
Pacific. They are an important trophic link to tertiary fish and mammals in this ecosystem.
When not foraging on zooplankton in the water column, these fish bury themselves in
bottom sediments to avoid predation. Because of this, sand lance may be important
indicators of sediment contamination, including that following the Exxon Valdez oil spill
in Prince William Sound (PWS), Alaska in March of 1989.

Given the persistant nature of petroleum hydrocarbons in sediment, levels of PAH
contamination in sediments collected from some sites in PWS even in 1996 may be
significant. Collier et a/ (1996) found that, in contrast to species in the littoral zone,



nearshore benthic fish species in Prince William Sound showed continuing oil exposure
through theé first two field seasons after the spill, and there was some evidence of increased
exposure even after more than two years. Sand lance, though prefering to burrow into
clean sand, may be exposed to oil-impacted sediments in these shallow subtidal zones
(Pinto ef al 1984). Contaminant levels in tissue extracts of fish collected at these sites, as
compared to those from sites where oiling did not occur, may indicate this exposure. In
this study, sand lance as well as sediments were collected from several sites in PWS.

Induction of the cytochrome P450 system in fish in response to petroleum hydrocarbon
contamination in sediments has been well characterized (Collier ez a/, 1995, 1996). These
contaminants, including polycyclic aromatic hydrocarbons (PAHs) are known to bind to
an intracellular cytosolic protein referred to as the Ah receptor . This complex is
translocated to the nucleus of the cell, where it interacts with elements in the promoter of
the CYP1A1 gene and causes transcription of the P450 enzyme system. While many of
these enzymes are involved in metabolic detoxification pathways, epoxidation of
benzo[a]pyrene by the P450 enzyme system produces a reactive metabolite, actually
enhancing its carcinogenicity (Varanasi ef al 1987). '

To determine possible contamination which may be related to toxicity and carcinogenicity,
extracts of sediments and fish tissues collected from PWS were analyzed by a P450
Reporter Gene System (RGS) (APHA, ASTM 1997). This assay utilizes a human cell
line, know as 101L, into which a plasmid has been stably integrated. This plasmid
contains the CYP1Al promoter linked to a reporter gene, firefly luciferase. When
compounds that induce transcription of P450 by the CYP1Al gene are present in these
cells, the enzyme luciferase is produced. Luciferase acts on the substrate luciferin to
produce light. P450 induction can therefore be measured by a simple assay that measures
relative light units in a luminometer. In tissue extracts from mussels deployed in San
Diego Bay, P450 RGS-estimated Benzo[a]Pyrene Equivalents were highly correlated to
Toxic Equivalents (TEQs) based on chemical analytical data of these mussel tissues
(Anderson et al 1997).

METHODS

Sediments

Approximately 40 grams of sediment from six stations in Prince William Sound (see map)
were extracted by EPA method 3540 to produce 1 mL dichloromethane (DCM) extracts
containing the extractable organic compounds. Two of these six stations were considered
oiled, while the other four were thought to be relatively unoiled sites. Per cent solids were
obtained for each sample.

Tissues

Sand lance were collected from six locations (two oiled and four unoiled) in PWS. Fish
varied in length and mass, and some samples consisted of composites of four or five small
fish. Because of this, samples were given a size classification, so that fish greater than 130
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mm in standard length were assigned to Class A, from 100 mm to 130mm to Class B, and
fish less than 100 mm in length, including composites of such fish, to Class C. Tissue
samples were weighed and extracted as described above. Percent solids as well as percent
lipids were determined for three samples, one from each of the three size classes.

Because of their flocculent lipid content, tissue extracts were centrifuged at 6000 rpm.
The resulting supernatent was then decanted and saved. The lipid pellet was resuspended
in fresh DCM, mixed, centrifuged again and the supernatents combined. In order to
assure that no organic compounds were being harbored in the lipid pellet, one sample was
spiked with the reference inducer TCDD and analyzed by the P450 RGS assay before and
after several resuspensions in DCM. From this, it was determined that two resuspensions
and centrifugations were sufficient to assure that little or no organic content of the sample
was lost with the discarded lipid pellet.

Following this, tissue extracts were allowed to evaporate at room temperature to dryness,
then taken up in 500 pL of DMSO. DMSO is a more favorable solvent to the cells and
the plastic tissue culture plates than DCM when addition of 10 to 20 pL is necessary for
optimum analysis of tissue samples. This exchange was unnecessary with sediment
extracts since only 5 pl. of DCM was applied.

P450 RGS Analysis

The detailed methodology used in this study has been described elsewhere (Anderson et al
1995, 1996). Small portions of extracts were applied to approximately one million human
liver cancer cells contained in three replicate wells with 2 mL of culture medium. After a
16-hour incubation, the cells were washed, lysed, the solution centrifuged, and 50 uL of
the supernatant was measured for luminescence. With each sample run, a solvent blank
(using a volume of DCM or DMSO equal to the extract volume being tested) and a
reference toxicant (2,3,7,8-dioxin at a concentration of 2 ng/mL) were applied to three
replicate wells each. Fold induction of the solvent blank was set equal to 1, and the fold
induction of each sample and the reference toxicant was determined by dividing the

relative light units (RLUs) produced by that sample by the RLUs produced by the solvent
blank.

In order to produce benzo[a]pyrene equivalents (B[a]PEq) for each sample, fold induction
values were divided by 60, a value derived from previous studies showing that 1 pg/mL
(ppm) of B[a]P produces approximately a 60 fold induction in this P450 RGS assay.
Further multiplication by a factor that brings the volume applied up to the total extract
volume and then division by the dry weight (in grams) for both the sediment and tissue
samples, and by the lipid weight of the tissues yielded B[a]P Eq values in pg/g dry and
pg/g lipid, respectively.

Quality Assurance/Quality Control

After each test run, responses to the solvent blank and dioxin were compared to the those
values in a control chart to assure that they were within two standard deviations of a running
mean. Additional quality control procedures included spiking samples with
benzo[a]pyrene, along with analysis of standard curves for both B[a]P and a quantified




PAH mixture. The luminometer was calibrated using a luciferase standard curve of
relative light units vs. enzyme concentration.

RESULTS

The results of this project are summarized in the following tables and figures and in Excel
PC files on the enclosed disk.

Table 1 below shows the results of the seven different runs of the RGS assay, listing the
mean of the triplicate luminometer readings for the dichloromethane (DCM),
dimethylsulfoxide (DMSO), and dioxin (TCDD). In the first run, only sediment extracts in
DCM were tested, so no DMSO blank was run. The tissue extracts, exchanged into
DMSO, were run with a DMSO and usually a DCM blank, and the fold induction with
both solvents is listed where applicable. All data points fell within 2 standard deviations
of the means.

Table 1. Variability of Fold Induction in Multiple Runs.

DATE DCM  DMSO TCDD FOLD  FOLD
(DCM) _ (DMSO)
10/22/96  0.103 NA  10.706  103.9 NA
10/24/96  0.100  0.062 11773  117.7 189.9
10/25/96 NA 0.055  10.001 NA 181.8
10/29/96  0.108  0.069  8.121 75.2 117.7
11/4/96 NA 0.060 10.663 NA 177.7
11/5/96 0.153  0.118 11.329  74.0 96.0
1117/96 0.116  0.088 12.885  111.1 146.4
MEAN 0.116  0.075 10783  96.4 151.6
S.D. 0.022  0.024  1.495 20.5 38.3
2S.D. 0.043  0.048  2.99 40.9 76.6
UpperC.L. 0159  0.423 13773  137.3 228.2
Lower CL. 0.073 0028  7.792 55.5 75.0
n 5. 6 7 5 6

Table 2 lists the wet weights, percent solids, and subsequent dry weights of the six
sediment samples as determined by the Columbia Analytical Services laboratory in Kelso,
Washington.

Table 2. Dry Weight Calculations of Sediment Samples.

Wet wt, Dry wt.
CASID#  (Q) %Solid @
6369-1  40.2 96.7 38.9
5793-48  41.1 94.1 38.6
5793-49  40.7 79.3 32.3
5793-50  40.5 91.3 37.0
5793-51  40.5 94.2 38.1
5793-52  40.9 90.9 37.2




Table 3 lists the wet weights, percent solids, and percent lipids of the thirty-eight tissue
samples also determined by the Columbia Analytical Services laboratory in Kelso,
Washington. It also presents the subsequent dry weights and lipid weights of all tissue
samples. The percent solids were based on analysis of two samples, both of which were
found to be 28%. Percent lipids were based on analysis of three samples, one from each
of the three fish size classes, and each sample was assigned a percent lipid value based on
that classification, as explained in Methods.

Table 4 shows the triplicate luminometer readings in relative light units (RLUs), and the
calculated fold induction and benzo[a]pyrene equivalents (B[a]PEq) for all samples. Fold
induction was calculated as the mean RLU value of the sample divided by the mean RLU
of the solvent blank (either DCM or DMSO). All values for % of the mean (coefficient of
variation) are less than 20%, indicating little variation among the triplicates. B[a]PEq
were calculated using the following formula:

B[a]PEq = (fold/60)*(V/V.)/ wt

where 60 = B[a]P conversion factor (see Methods)
V.= total extract volume
V.= volume of extract applied to cells
wt = dry or lipid weight of sample

This gives a B[a]PEq in pug per gram of either dry weight or lipid weight.

To summarize the data, Table 5 and Figures 1 and 2 present the B[a]JPEq by sample,
including the sample description and collection site.

Tissues

A sand lance tissue sample (CAS #6) from Eleanor Island SE was found to contain the
highest amount of compounds that induce P450 RGS, calculated as 16 pg B[a]PEq per g
dry weight and 82 ng B[a]PEq per g lipid weight. The majority of all tissue samples were

lower in ug B[a]PEq per dry weight: 55% were < 2.0, 26% were between 2.0 and 5.0,
and 18%, including the highest sample, were >5.0.

Sediments
A sediment extract from Block Island NW (CAS #48) was determinec to have the highest

level of B[a]PEq at 3.5 pg/g. Most of the sediment extracts (71%) had <1.0 ng B[a]PEq
per g dry weight.



Fable 3. Weight Calculations of Tissue Samples.

size  wet wt. dry wt. lipid wt. size  wetwt. dry wt, lipid wt.
CAS |.LD # class* (g)  %solid ()  %iipid Q) CAS I.D # class* (g)  %solid Q@ %lipid (9

K5793-2 A 10.37 28 2.9 10.9 1.13 22 B 3.52 28 1.0 8.4 0.30
3 B 2.72 28 0.8 8.4 0.23 23 A 8.27 28 2.3 10.9 0.90
4 Cc 1.37 28 04 5.6 0.08 24 B 8.01 28 2.2 8.4 0.68
5 Cc 2.65 28 0.7 5.6 0.15 25 o 2.87 28 0.8 56 0.16
6 Cc 0.94 28 0.3 5.6 0.05 26 A 9.74 28 27 10.9 1.06
7 A 10.67 28 3.0 10.9 1.17 27 Cc 2.05 28 0.6 586 0.1
8 A 8.88 28 2.5 10.9 0.97 28 A 9.13 28 26 10.9 1.00
9 B 3.43 28 1.0 8.4 0.29 29 B 463 28 1.3 8.4 0.39
11 B 5.56 28 1.6 8.4 0.47 30 B 4.88 28 1.4 8.4 0.41
12 Cc 1.97 28 0.6 5.6 0.11 31 A 8.60 28 24 10.9 0.94
13 B 6.36 28 1.8 8.4 0.54 33 B 7.74 28 22 8.4 0.65
14 c 1.70 28 0.5 5.6 0.09 36 A 10.00 28 2.8 10.9 1.09
15 A 1.74 28 2.2 10.9 0.85 37 A 10.10 28 28 10.9 1.10
16 B 3.56 28 1.0 8.4 0.30 39 A 10.54 28 3.0 10.9 1.15
17 c 1.00 28 0.3 5.6 0.06 41 Cc 4.71 28 1.3 56 0.26
18 c 1.70 28 0.5 5.6 0.09 42 A 9.90 28 2.8 10.9 1.08
19 c 2.18 28 0.6 5.6 0.12 43 Cc 10.60 28 3.0 56 0.59
20 B 3.25 28 0.9 8.4 0.27 44 Cc 10.50 28 29 5.8 0.58
21 A 8.70 28 2.4 10.9 0.95 45 C 10.00 28 2.8 5.6 0.56

*Size classes:

A: Standard length >130mm

B: Standard length between 100 and 130mm
C: Standard length <100mm




Table 4. Triplicate RLUs and Calculated B[a]P Equivalents.

Applied
Volume BfalP Eq. B[a]P Eq.
TestDate  CAS#  Solent  (ul) type* RLUA RLU2  RLU3 MEAN S.D. %MEAN FOLD (ug/gdry) (ng/glipid)
10/22/96 MB DCM 5 NA 0.144 0.169 0.155  0.156 0.013 8.0 15 0.1 NA
10/22/96 6369-1 DCM 5 sed 4.068 3.783 3.375 3742 0348 8.3 36.3 3.1 NA
10/22/96 5793-48 DCM 5 sed 4.099 4.208 4274 4194 0.088 241 40.7 35 NA
10/22/96 49 DCM 5 sed-ciled 0.201 0.212 0.209 0.207 0.006 27 20 0.2 NA
10/22/96 50 DCM 5 sed 0.231 0.221 0.187 0213 0.023 10.8 2.1 0.2 NA
10/22/96 51 DCM S sed-oiled 0.358 0.434 0.453 0.415 0.050 121 4.0 0.4 NA
10/22/96 52 DCM 5 sed 0.264 0.286 0.267 0.272 0.012 4.4 26 0.2 NA
10/22/86 43 DCM 10 Sl-oiled 0.071 0.064 011 0.082 0.025 30.9 0.8 <11 <57
10/24/96 9 DMSO 10 sL 0.158 0.159 0.149 0.155 0.006 35 25 43 14.4
10/24/96 16 DMSO 10 Sl-oiled 0.144 0.152 0.145 0.147 0.004 3.0 2.4 4.0 13.2
10/25/96 3 DMSO 10 SL 0.078 0.073 0.067 0.0727 0.006 7.6 1.3 29 9.6
10/25/96 4 DMSO 10 SL 0.074 0.071 0.068  0.071 0.003 42 13 5.6 28.3
10/25/96 5 DMSO 10 SL 0.097 0.101 0.101 0.0997 0.002 23 1.8 4.1 20.5
10/25/96 17 DMSO 10 SL-oiled 0.074 0.069 0.072 0.0717 0.003 35 1.3 7.8 39.1
10/25/96 18 DMSO 10 SL-oiled 0.116 0.125 0.111 0.1173 0.007 6.0 2.1 7.5 37.7
10/25/96 19 DMSO 10 Sl-oiled 0.132 0.145 0.167 0.148 0018 |, 12.0 27 7.3 371
10/25/96 20 DMSO 10 SlL-oiled 0.114 0.119 0.113 0.1153 0.003 28 21 3.8 12.8
10/25/96 2 PMSO 10 SL 0.070 0.072 0.061 0.0677 0.006 8.7 1.2 21 6.9
10/29/96 2 DMSO 5 SL 0.070 0.056 0.063 0.063 0.007 11.1 0.9 <1.43 <3.66
10/29/96 21 DMSO 5 SL-oiled - 0.075 0.076 0.065 0.072 0.006 8.4 1.0 1.4 3.7
11/4/96 6 DMSO 5 SL 0.130 0.140 0.122 0.131 0.009 6.9 2.6 16.2 81.9
11/4/96 7 DMSO 5 SL 0.109 0.098 0.097 0.101 0.007 6.6 20 1.1 2.8
11/4/96 8 DMSO S SL 0.085 0.097 0.092 0.085 0.003 27 1.9 1.2 3.2
11/4/96 11 DMSO 5 SL 0.143 0.133 0.117 0.131 0.013 10.0 26 27 8.1
11/4/96 12 DMSO ) SL 0.137 0.137 0.127 0.134 0.006 43 26 79 40.0
11/4/96 13 DMSO S SL 0.097 0.084 0.083 0.088 0.008 8.9 1.7 1.6 54
11/4/96 14 DMSO S SL 0.082 0.082 0.078 0.081 0.002 28 1.6 55 279
11/4/96 15 DMSO 5 SL 0.090 0.093 0.089 0.091 0.002 23 1.8 1.4 35
11/4/96 23 DMSO 5 SL 0.0°0 0.089 0.084 0.088 0.003 37 1.7 1.2 3.2
11/4/96 24 DMSO 5 SL 0.080 0.078 0.074 0.077 0.003 4.0 1.5 1.1 37
11/4/96 25 DMSO 5 SL 0.110 0.118 0.123 0.117  0.007 57 23 438 241
11/4/96 26 DMSO 5 SL 0.092 0.096 0.109 0.099 0.009 9.0 1.9 12 3.0
11/4/96 3 DMSO S SL 0.085 0.086 0.083 0.085 0.002 1.8 1.7 1.3 42
11/4/96 36 DMSO 5 SL 0.078 0.079 0.071 0.076 0.004 5.7 1.5 0.9 23
11/5/96 27 DMSO 5 SL 0.088 0.094 0122 0.101 0.018 17.9 0.9 <122 <4.07
11/5/96 28 DMSO 5 SL 0.091 0.124 0.088 0.101 0.020 18.4 0.9 <1.22 <4.07
11/5/96 29 DMSO 5 SL 0.111 0.117 0.109 0.112 0.004 3.7 1.0 0.20 0.4
11/5/96 30 DMSO 5 SL 0.097 0.092 0.094 0.084 0.003 27 0.3 <1.22 <4.07
11/5/96 31 DMSO 5 SL 0.103 0.107 0.111 0.107 0.004 3.7 n.g <1.22 <4.07
11/5/96 37 DMSO 5 SL 0.085 0.092 0.096 0.094 0.002 22 0.8 <1.22 <4.07
11/7/96 39 DMSO S SL 0.092 0.095 0.086 0.094 0.002 23 1.1 0.6 1.5
11/7/96 41 DMSO 5 SL 0.253 0.250 0.280 0.252 0.002 0.8 29 3.6 18.2
11/7/96 42 DMSO S SL 0.087 0.092 0.074 0.090 0.004 4.0 1.0 0.6 1.6
1177196 44 DMSO S SL 0.134 0.127 0.129 0.131  0.005 3.8 1.5 0.8 42
11/7/96 45 DMSO S SL-oiled 0.498 0.462 0.387 0.480 0.025 53 55 3.2 16.4
*type: SL=Sandlance tissue sample; SL-oiled= Sandlance tissue sample from oiled site;

sed= Sediment sample; sed-oiled = sediment sample from oiled site

Fold values in bold are <1.0, and are assigned B[a]JPEq = < what a 1.0 fold would give.




Table S. Summary of B[a]P Equivalents in APEX Samples.

CAS # B[a]PEq.* B[a]PEq.*
K5793- Description Location (ug/g dry) (ng/g lipid)
2 SL Block Island NW <1.43 <3.66
3 SL Block Island NW 2.9 9.6
4 SL Block Island NW 5.6 283
5 SL Block Island NW 4.1 20.5
6 SL Block Island NW 16.2 81.9
7 SL Block Island NW 1.1 2.8
8 SL Block Island NW 1.2 3.2
9 SL-oiled Block Island NW 43 14.4
11 SL Block Island NW 2.7 9.1
12 SL Block Island NW 7.9 40.0
13 SL Block Island NW 1.6 54
14 SL Block Island NW 55 279
15 SL Block Island NW 1.4 35
16 SL-oiled Block Island NW 4.0 132
17 SL-oiled Block Island NW 7.8 391
18 SL-oiled Block Island NW 7.5 377
19 SL-oiled Block Island NW 73 37.1
20 SL-oiled Block Island NW 38 12.8
21 SL-oiled Block Island NW 1.4 37
22 SL Eleanor Island SE 2.1 6.9
23 SL Eleanor Island SE 1.2 32
24 SL Eleanor Island SE 1.1 37
25 SL Eleanor Island SE 4.8 241
26 SL Eleanor Island SE 1.2 3.0
27 SL Eleanor Island SE <1.22 <4.07
28 SL Eleanor Island SE <1.22 <4.07
29 SL Eleanor Island SE 1.2 4.1
30 SL Eleanor Island SE <1.22 <4.07
31 SL Eleanor Island SE <1.22 <4.07
33 SL Eleanor Island SE 1.3 4.2
36 SL Eleanor Island SE 0.9 23
37 SL Eleanor Island SE <1.22 <4.07
39 SL Eleanor Island SE 0.6 1.5
41 Composite of SL  Eleanor Icland SE 3.6 18.2
#32,34,35,38,40
42 SL Eleanor Island SE 0.6 1.6
43 SL-oiled MacPherson Isthmus <1.1 <57
44 SL North Cabin Bay 0.8 42
45 SL-oiled East Bob Day Bay 3.2 16.4
Sediment Type Location
Blank NA NA 0.1
K6369-1 sed Eleanor Island SE 3.1
K5793-48 sed Block Island NW 35
49 sed-oiled MacPherson Isthmus 0.2
50 sed Fuel Cache Beach 02
51 sed-oiled East Bob Day Bay 0.4
52 sed MacPherson Narrows 0.2

*Differences in detection limits result from variability among sample weight and fold induction

values of blanks.




Figure 1. P450 RGS-estimated B[a]P Equivalents in Sand Lance
Tissues from Prince William Sound, Alaska
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Figure 2. P450 RGS-estimated B[a]P Equivalents in Sediments from
Prince William Sound, Alaska
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Statistical Analysis

A t-test was used to determine differences between the mean B[a]P Equivalency values of
tissues from oiled and unoiled collection sites (Microsoft Excel 5.0). One data point from
unoiled Eleanor Island SE (CAS #6) was not used in this analysis. This value was an
extreme outlier, greater than three standard deviations above the mean B[a]PEq for
unoiled samples. Using a two-tailed t-test with unequal variances, the mean B[a]PEq from
the oiled sample set was found to be significantly greater than that from the unoiled set at
the 95% confidencé’level (p < 0.02).

Table 6. Results of Statistical Analysis on B[a]PEqs from Sand Lance Tissues.

Variable N mean S.D.

unoiled 22 2.43 2.0
oiled 8 493 23
p <0.021
QA/QC

Figure 3 shows the dioxin control chart used to assure quality control of the P450 RGS
assay. After every test run, the fold induction produced by dioxin at 2 ng/mL is entered
into an Excel spreadsheet that adds that day’s dioxin performance to obtain a running
mean. From this, a confidence interval (shown on the chart by dashed horizontal lines at
two standard deviations above and below the most recent value for the running mean) is
determined and the test run is evaluated. All dioxin fold induction values obtained in this
- study (data points from 10/22 to 11/7) were within two standard deviations of the running
mean, and were therefore acceptable.

In addition, a sediment extract method blank was tested along with the sediment samples.
This extract yielded a 1.5 fold induction and 0.1 pg Bfa]PEq per g dry weight (of sodium
sulfate used in the extraction method). This gives a baseline value upon which B[a]PEqs
calculated from true sediment samples can be analyzed.



Figure 3. P450 RGS TCDD (2 ng/mL) Control Chart
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Figure 4. P450RGS Induction from Benzo[a]Pyrene
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Figure 5. P450 RGS Induction from PAH Mixture
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Figure 6. Luciferase Standard Curve (11/6/96)
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Standard curves for Benzo[a]Pyrene and a commercially obtained PAH mixture are shown
in Figures 4 and 5, respectively. Along with this, a luciferase standard curve (Figure 6)
shows the lower detection limit of the luminometer and the strong linear correlation
between RLUs and enzyme concentration, indicating the sensitivity and precision of the
instrument.

Results from the spiking study are shown in Table 7 and Figure 7. Three samples were
spiked: the sediment sample showing the highest induction (CAS #48) and two tissue
samples (CAS #6 and CAS #36). Sample #48 and # 6 were spiked with 300 ng/mL
B[a]P, while sample #36 (not shown in Figure 7) was spiked with only 50 ng/mL B[a]P
(see Table 7).

Table 7. Results of Spiking Study with B[a]P.
FOLD FOLD
Bla]P Spike Sample Bfa]P FOLD
CASID#  (ng/mL) alone spike Sample + spike

5793-6 300 1.5 9.4 8.2
36 50 0.7 3.0 1.8
48 300 38.2 9.4 47.8

In cases where the fold induction of samples is <1.0 (equal or less than that of the solvent
blank), as with many of the sand lance tissue extracts in this study, the B[a]P EQ are
expressed as < what would result from a 1.0 fold induction. From previous studies using
very low concentrations of 2,3,7,8-dioxin, the lower endpoint of detection with the P450
RGS assay is approximately 0.001 ng/mL, yielding between 1 and 2-fold. From the
luciferase standard curve (Figure 6), detection of as little as 5 picograms of luciferase is
possible. Preliminary studies with a PAH mixture (Figure 5) indicate that at least 40
ng/mL yields a reproducible detection of between 2 and 4-fold, and B[a]P concentrations
as low as 10 ng/mL have been detected (Figure 4). Other individual PAH compounds,
particularly benzo[k]fluoranthene, have even lower detection limits.

DISCUSSION AND CONCLUSIONS

The induction of luciferase production in the 101L cell line used in the P450 RGS assay,
as measured by relative light units of cell lysates, indicates that the applied sample contains
chemicals that act upon the CYP1A1 gene and cause transcription of cytochrome P450.
This response is known to be associated with human and aquatic organism health effects,
including carcinogenesis. These inducing chemicals include PAHs, PCBs, and dioxins, and
are present, likely as mixtures, as environmental contaminants. As a result of the Exxon
Valdez oil spill, Prince William Sound sediments are known to have significant levels of
primarily PAH contamination. While this contamination can be measured directly using
chemical analysis (GC/MS, HPLC, etc.) of sediment and pore water, this is a tedious and
costly process, and the impact of the quantified chemicals on wildlife remain unclear. The
P450 RGS analysis is a valid and useful, as well as quick and inexpensive, screening tool



to assess the potential of contaminated sediment to have deleterious health effects on
humans and wildlife via the Ah-mediated pathway.

In addition, analysis of tissue extracts by P450 RGS enables a further investigation into
exposure and food web transfer of contaminants. While PAHs are metabolized by fish,
many invertebrates accumulate these chemicals, leading to the transfer of much higher
levels to organisms that ingest them.

This study investigates the potential for tissue extracts of sand lance, a fish that may be

particularly susceptible to sediment-associated contamination during burrowing, to induce

cytochrome P450. Such induction would presumably occur in organisms ingesting sand

lance tissue. The results of this study indicate that the induction potential of these tissue

samples was not necessarily correlated with the estimated level of oiling in the collection

areas. For example, the strongest-inducing tissue sample came from an area that was

presumed to be relatively clean. It must be noted here, however, that this particular

sample extract (CAS #6) came from the tissue sample of lowest mass, contributing to its

higher B[a]PEq value. Given that only five of the thirty-eight tissue samples analyzed
were collected from oiled sites, the implications of this are unclear.

Sediment analyses also yielded results inconsistent with assumptions of oiling levels in
collection sites. The two extracts that produced the strongest induction were from
presumably clean sites. Obviously, there are many factors, including fish movement as
well as contaminant patchiness, contributing to the difficulties in interpreting these
findings.

In this study, the main focus was on investigating the potential of the P450 RGS assay as a
screening tool for detecting PAH contamination in both fish tissues and sediments in a
wide area, such as Prince William Sound. In previous studies, P450 RGS-estimated
B[a]PEq have been found to be highly correlated with calculated toxic equivalency values
determined from chemical analysis of extracts. Follow-on studies using P450 RGS and
chemical analysis should investigate Sand Lance tissues and sediments from sites in Prince
William Sound yielding high induction response in this study.
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ASSESSMENT OF THE PAH CONTAMINATION OF POPULATIONS OF THE
FORAGE FISH, SAND LANCE (dmmodytes hexapterus), INHABITING
CLEAN AND OIL-IMPACTED SEDIMENTS

RESULTS

Investigators Marie Larsen, Jeff Short, and Stan Rice, of the Auke Bay NOAA laboratory,
graciously analyzed extracts of the sand lance and sediments used in our investigation (data
enclosed). The tissue extracts from composites of several whole fish, with the combined dry
weights per sample of between 0.5 and 2.9 grams, were not found to contain detectable
amounts of the higher molecular weight PAHs. These 4- to 6-ring aromatic compounds are
those that would be expected to produce the P450 RGS responses observed. We recognized
that any measured concentrations would be quite low, as the RGS responses were just above
background. Apparently, the induction of CYP1Al observed was from uncharacterized
natural compounds present in the tissues. Previous investigations with fish tissue collected in
Southern California have detected levels of PAHs of from 0.3 to 4.0 ug of Benzo(a)pyrene
Equivalents per g (ppm) in muscle, liver and ovary tissues.

The RGS assay indicated that two sediment samples (Figure 2), collected at Eleanor Island SE
and Block Island NW contained low but detectable amounts of PAHs (3.1 to 3.5 pg
B(a)PEqg/g). Chemical analyses by the Auke Bay scientists demonstrated that the content of
high molecular weight PAH in these two sediment samples were 100 and 208 ng/g,
respectively (see table). The other two sediment samples analyzed by NOAA (Fuel Cache Bay
and MacPherson Narrows) showed no detectable levels of any PAH, which agrees with the
baseline values reported for the P450 RGS assay. Using the Toxic Equivalency Factors
(TEFs) for specific PAHs generated in our laboratory, the analytical data for the two samples
were converted to estimated Toxic Equivalency values (in ug B(a)PEqg/g). These values
compare very favorably (correlation of 0.86) with the estimates of toxic equivalency produced
earlier by the RGS assay.

CONCLUSIONS

While we feel that sand lance can be important indicators of sediment contamination,
including that following an oil spill, it is apparent that by 1996 no residual contamination
from the 1989 Exxon Valdez oil spill is present in their tissues. Very low levels of
sediment contamination were identified in two samples by the P450 RGS assay, and this
finding has now been confirmed by detailed chemical analyses.

The P450 Reporter Gene System has demonstrated the ability to determine which of many
sediment samples should be further evaluated for petroleum contamination. In the case of
RGS responses to tissue extracts, we do not know what substances induced the measured
responses. The relatively low level of response observed does not warrant the type of
research effort that would be required to evaluate the chemistry of these extracts.



Figure 2. P450 RGS-estimated B[a]P Equivalents in Sediments from
Prince William Sound, Alaska

MacPherson Isthmus

East Bob Day Bay

Fuel Cache Beach

MacPherson Narrows

Eleanor Island SE

Sample #

Oiled

Unoiled

[OMethod Blank

Block Island NW
Method Blank
0 0.5 1 1.5 2 2.5 3.5
ug Bfa]P Eq. per g dry wt.
Analyses of Sediment Samples by the Auke Bay NOAA Lab and Comparison
to P450 RGS Analyses of the Extracts
#47
5793-48  |5793-50 5793-52  |6369-1 Calculation of Chemical TEFs
BINW Fuel CB |MacP Nar |El1SE 5793- #47
PAH Compounds unoiled unoiled unoiled unoiled RGS TE 48 50 5216369-1
Benzo[a]anthracene 13.0 0.0 0.0 0.0 0.4 5.2 0.0 0.0 0.0
Benzola]pyrene 0.0 0.0 0.0 0.0 1 0.0 0.0 0.0 0.0
Benzo[b]fluorathene 54.5 0.0 0.0 234 31 163.4 0.0 0.0 70.1
Benzo[g,h,i]perylene 24.2 0.0 0.0 16.1 0.02 0.5 0.0 0.0 0.3
Benzo[k]fluoranthene 0.0 0.0 0.0 0.0 25 0.0 0.0 0.0 0.0
Dibenzo[a,h]janthracene 10.7 0.0 0.0 0.0 4 42.7 0.0 0.0 0.0
Chrysene 94.0 0.0 0.0 61.1 04| 376 0.0; 0.0 24.4
ideno[1,2,3-cd]pyrene 11.5 0.0 0.0 0.0 3 34.4 0.0 0.0 0.0
Total HMW PAHs (ng/mlL) 207.7 0.0 0.0 100.5
B[a]PEQ (ug/g) 3.5 0.2 0.2 3.1
Chem TEQ (ug/mL) 0.3 0.0 0.0 0.1 283.7 0 0 94.9
Sample Dry Weight (g) 38.6 37.0 37.2 38.9
Chem TEQ (ng/g) 7.3 0.0/ 0.0 2.4
Correlation | 0.86] | |
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