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 Polycyclic Aromatic Hydrocarbon Sources Related to Biomarker Levels in Fish from Prince William Sound and the Gulf of Alaska D A V I D S . P A G E , * ,† R O B E R T J . H U G G E T T , ‡ JOHN J. STEGEMAN,§ KEITH R. PARKER,| BRUCE WOODIN,§ JOHN S. BROWN,⊥ AND A. EDWARD BENCE# Bowdoin College, Brunswick, Maine 04011, Michigan State University, East Lansing, Michigan 48824, Woods Hole Oceanographic Institution, Woods Hole, Massachusetts 02543, Data Analysis Group, Cloverdale, California 95425, Exponent, Maynard, Massachusetts 01754, and ExxonMobil Upstream Research Co., Houston, Texas 07052
 
 Seafloor sediments in Prince William Sound (PWS) and the eastern Gulf of Alaska (GOA) have a substantial regional hydrocarbon background from natural sources including oil seeps and eroding sedimentary rocks along the eastern GOA coast. Polycyclic aromatic hydrocarbons (PAH) from that background appear to be bioavailable to fish. Fish collected from PWS and the GOA in a 19992000 biomarker study (bile fluorescent aromatic contaminants and liver ethoxyresorufin O-deethylase) show evidence of exposure to low levels of PAH at all categories of sites sampled. Seafloor sediments at fish sampling sites in the GOA east of PWS and at three PWS site categories (nonspill path, spill path oiled, and spill path not oiled) contain hydrocarbons from four principal sources: regional background, combustion products, residues from the 1989 Exxon Valdez oil spill (EVOS), and Monterey (CA) petroleum residues. GOA sediments between PWS and Yakutat Bay, ∼350 km to the east, are dominated by regional petrogenic background hydrocarbons (total PAH (TPAH) range ∼60-3400 ng/g) that are the probable cause of low biomarker levels measured in halibut from this area. PWS sediments contain varying proportions of regional background, combustion products, Monterey residues, and EVOS residues at some spill path sites. Rockfish caught in PWS embayments in 1999 have liver EROD activities that correlate positively with the pyrogenic PAH indicator ratio (Fl+Py)/C24Ph. Although traces (50 g dry weight. These uncertainties are due to a combination of factors including inadequate representation of all possible sources and analytical errors, especially for samples having low hydrocarbon content. Statistical Methods. Regression analyses were used to test for relationships between the two biomarkers and total PAH (TPAH). Individual fish were used as replicates. Separate regressions were run for each species. The null hypothesis of a zero slope was tested against the alternative hypothesis of a positive slope. Data were log-transformed prior to regression analyses to achieve additivity. All tests were performed at R ) 0.05. Residuals were tested (Shapiro-Wilk) for a normal distribution.
 
 Results Subtidal Sediment Hydrocarbons. Geometric means of the TPAH concentrations, ranges of TPAH values, (Fl+Py)/ (C24Ph) ratios for the subtidal sediment samples, and the results of the source allocation modeling are reported in Table 2. TPAH geometric means are reported to lessen the effects of outliers at certain sites. Table 2 also presents biomarker data from ref 4 to compare with the chemistry results given here. The biomarker data include bile FAC (pnp) and EROD activity for Pacific halibut and rockfish.
 
 TABLE 2. Geometric Means and Range of TPAH (ng/g dry wt), Mean Fl+Py/C24Ph Ratios, Percent Source Allocations, and Corresponding Average Biomarker Values Adapted from Ref 4 for an Offshore Fish (Pacific Halibut) and a Nearshore Fish (Rockfish) by Site Categories for Prince William Sound (PWS) and the Gulf of Alaska (GOA) Sitesa sites
 
 mean TPAH (ng/g)
 
 TPAH range
 
 mean % allocation (Fl+Py)/ C24Ph Bkg NSC Mon Pyr
 
 halibut
 
 primary sources
 
 FAC pnp
 
 rockfish EROD
 
 FAC pnp
 
 EROD
 
 Year 1999 Eastern Gulf of Alaska (GOA) Duktoth (3) Johnston (3) Katalla (3) Wingham (3) Yakutat (2)
 
 313 141 1288 68 8
 
 202-386 96-180 221-3376 58-73 4-11
 
 0.11 0.09 0.13 0.13 0.69
 
 96 86 94 95 nd
 
 386 89 175 321
 
 166-626 74-99 60-268 210-427
 
 0.23 0.39 0.27 1.54
 
 49 40 39 32
 
 0 0 0 1 nd
 
 3 1 9 3 2 3 3 1 nd nd
 
 Bkg Bkg Bkg Bkg
 
 3.0(2.7 (3) 274(135 (4) 2.0(1.2 (4) 114(52 (9) 3.0(0.8 (4) 53(41 (20) 1.6(0.6 (5) 260(130 (20) 2.7(1.5 (3) 17(18 (14)
 
 PWS Spill Path Oiled (SPO) Bay of Isles (3) Herring Bay (3) Northwest Bay (3) Sleepy Bay (2) (H)
 
 31 38 43 28
 
 8 11 6 3
 
 20 12 12 37
 
 Bkg, NSC 0.7(0.6 (2) Bkg, NSC Bkg, NSC 1.9 (1) Pyr, Bkg 2.2(1.3 (3)
 
 137(46 (3) 1.7(1.2 (6) 272(220 (5) 1.4 (1) 210(84 (2) 68(27 (4) 0.8(0.5 (4)
 
 226(161 (10) 154(74 (6) 170(78 (10) 393(88 (6)
 
 1.0 (1) 1.7(0.8 (5)
 
 95 (1) 1.0 (1) 176(191 (5) 1.3(0.5 (4) 151(122 (2)
 
 267(24 (12) 464(460 (6)
 
 1.3(0.5 (4)
 
 103(27 (4) 1.0(0.0 (5) 150 (1)
 
 200(157 (10) 294(121 (7)
 
 1.0(1.1 (2) 2.0(0.7 (2)
 
 163(44 (2) 1.0(0.5 (14) 225(136 (15) 174(97 (2) 2.1(1.1 (14) 550(307 (14) 1.4(0.5 (16) 246(99 (16) 139(67 (5) 2.4(1.0 (9) 261(177 (9) 126(11 (2) 1.7(0.9 (9) 393(265 (10)
 
 PWS Spill Path Not Oiled (SPNO) Drier Bay (3) (H) 13391 278-38730 Thumb/Mummy (3) (H) 618 627-843 Sawmill Bay (4) (H) 2119 218-4367
 
 3.41 2.16 2.07
 
 32 35 36
 
 Olsen Bay (4) West Twin Bay (2)
 
 0.37 1.28
 
 80 54
 
 5 4 6
 
 17 5 7
 
 46 Pyr, Bkg 56 Pyr, Bkg 52 Pyr, Bkg
 
 PWS Nonspill Path (NSP) 171 117-250 91 45-136
 
 3 5
 
 4 9
 
 13 Bkg 32 Pyr, Bkg
 
 Year 2000 PWS Spill Path Oiled (SPO) Crafton Is. (1) Green Island (1) Herring Bay (1) Sleepy Bay (2) (H) Snug Harbor (2) (H)
 
 113 199 109 1131 393
 
 112 199 109 1128-1133 252-532
 
 0.31 0.18 0.22 2.17 0.59
 
 75 94 61 20 41
 
 8 2 24 9 16
 
 3 1 6 0 9
 
 14 3 9 71 34
 
 Bkg Bkg Bkg Pyr, Bkg Bkg, Pyr
 
 1.9(0.8 (5) 1.7(0.8 (2)
 
 PWS Spill Path Not Oiled (SPNO) Ewan Bay (2) Jackpot Bay (2)
 
 210 198-222 288 187-387
 
 0.18 0.16
 
 90 91
 
 Olsen Bay (2) Port Etches (2) Sheep Bay (2)
 
 193 158-228 462 301-622 448 427-467
 
 0.30 0.12 0.19
 
 81 91 84
 
 4 5
 
 3 2
 
 3 Bkg 2 Bkg
 
 4.0(0.7 (5) 3.3(2.3 (4)
 
 131(34 (5) 2.4(2.1 (15) 220(212 (16) 186(118 (4) 2.2(3.5 (11) 245(193 (11)
 
 PWS Nonspill Path (NSP) 2 1 3
 
 6 1 8
 
 11 Bkg 7 Bkg 5 Bkg
 
 2.1(1.1 (2) 0.8 (1) 2.1(1.0 (2)
 
 245(98 (2) 1.5(0.3 (5) 131 (1) 1.4(0.8 (5) 120(49 (2) 2.0(1.0 (6)
 
 283(261 (5) 391(316 (5) 366(253 (6)
 
 a Numbers of samples analyzed are in parentheses. (H) indicates sites having evidence of current or historical human activity. Source allocations are as follows: Bkg, natural petrogenic background; NSC, North Slope petroleum; Mon, Monterey (CA) petroleum; Pyr, pyrogenic sourced PAH; nd, not determined. Allocations e5% are not significant. Concentrations of bile FAC protein-normalized phenanthrene equivalents (pnp) are µg of pnp/g of bile protein. Levels of EROD activity are picomol min-1 g liver-1, both (1 SD.
 
 Results of the sediment source allocations (Table 2 and Figure 3) show that the petrogenic background is the dominant contributor of PAH analytes, saturate biomarker compounds, and TAS to the subtidal sediments at most sites regardless of site category. Pyrogenic PAH from human activities dominate at some PWS embayment sites. Mean PAH distributions for the sediments, and the source allocation results for each site are shown in Figure 3. The source allocation results are presented in a geographical context in Figures 4 and 5. The TPAH values on the graphs in Figure 3 and the histograms of Figures 4 and 5 are the site geometric mean values for the 1999 and 2000 data taken together. The highest mean TPAH contributions of NSC oil residues to seafloor sediments at PWS SPO sites are 141 ng/g (31%) in the Bay of Isles in 1999 and 102 ng/g (9%) in Sleepy Bay in 2000 (Table 2). For GOA sites west of Yakutat Bay (Figure 5), the regional background contribution ranges from 93 to 100% for the TPAH range ∼60-3400 ng/g dry weight. An earlier study (11) reported a TPAH range of ∼175-7000 ng/g (average ∼1700 ng/g) for seafloor sediment samples collected between the Hinchinbrook Entrance and Icy Bay. Short et al. (20), using sampling and analytical methods comparable to the present study, report TPAH values for benthic sediment samples from the same region that average 2900 ng/g. The Yakutat site, ∼30 km southeast of Yakutat Bay, has very low sediment TPAH (5-12 ng/g dry wt), and a source
 
 assignment could not be made. Short et al. (20) also noted the low TPAH levels of the benthic sediments east of Yakutat Bay. The marked change in seafloor sediment TPAH levels that occurs east of Yakutat Bay reflects a change in coastal geology. Low maturity Tertiary and Quaternary sedimentary rocks including petroliferous shales with active oil seepage and coals dominate the near-coast rock outcrops west of Yakutat Bay (23). The igneous and metamorphic coastal rock formations east of Yakutat have low organic contents. Sediments at NSP sites in eastern PWS (Olsen Bay, Sheep Bay, and Port Etches) are dominated by the petrogenic hydrocarbon background (93-100% and TPAH range ) 144462 ng/g dry wt) (Figure 4). These sediments also have low (Fl+Py)/(C24Ph) values (














Copyright © 2024 DATAPDF.COM. All rights reserved.

About Us |
Privacy Policy |
Terms of Service |
Copyright |
Contact Us










×
Sign In






Email




Password







 Remember me

Forgot password?




Sign In




 Login with Facebook
















