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Introduction

Following the North Cape oil spill (NCOS) on January 19-21, 1996, oiling of 

several salt ponds along the coast of Rhode Island occurred. There are substantial data 

in existence to show that both the water column in several salt ponds as well as surficial 

sediments were contaminated (Hinga 1997). Because of this there was concern on the 

part of natural resource trustees that fish in the salt ponds could be adversely impacted 

by the spilled oil. Of special concern were winter flounder (Pleuronectes americanus), 

which use the salt ponds as spawning and nursery grounds, with spawning occurring 

during the winter, and coinciding with the time of the spill. This report summarizes the 

results of investigations conducted by the Environmental Conservation Division (ECD) 

of the Northwest Fisheries Science Center (NWFSC) of the National Marine Fisheries 

Service to assess exposure of fish to oil spilled from the barge North Cape, and also 

provides an estimation of the potential for such exposure to cause reproductive 

dysfunction and other types of biological injury to winter flounder. These efforts were 

supported by funding from the Damage Assessment Center of NOAA.

Methods

Sample collection: Field sampling was conducted during two time periods following 

the NCOS. From February 11 until March 3, eight scientists from NWFSC were 

involved in the sampling efforts. Several days were spent initially on securing sampling 

permits, laboratory space for performing dissections, vessels, and vehicles. We also 

were acquiring information on historical fishing methods and catch data, determining 

vessel launch sites, and determining what sampling had taken place after the spill. 

Field sampling started on February 16. While the presence of heavy ice on many of the 

ponds limited the areas that were available to sample, sampling was attempted in Point 

Judith Pond, Potter Pond, Cards Pond, Ninigret Pond, Quonochontaug Pond, and in the 

Narrow River (Figure 1). Samples were collected in all but Cards Pond and Potter
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Pond. The sampling gear deployed included trawl nets, beach seines, fyke nets,

minnow traps, and fish traps. Species collected were winter flounder, lobster, blue crab, 

and kelp crab. Fyke nets were the most useful for capturing adult winter flounder 

during this sampling period. A sediment grab sampler was used to collect sediment

samples from all sites where fish were collected. Additionally, samples of bivalves were 

collected by divers and by a clam dredge operated by the Rhode Island Department of 

Environmental Management (DEM).

Fish were transported to the laboratory (USEPA/Narragansett) in aerated 

seawater and were necropsied the same day as captured. Fish were weighed, measured 

and otoliths were taken for age determination. Histological samples were taken from

the liver, anterior and posterior kidney, spleen, gonad, gill, skin, gut, heart and brain.

Bile was sampled, when present, for analyses of fluorescent aromatic compounds 

(FACs), which provides a semi-quantitative estimation of exposure to aromatic

hydrocarbons. Liver samples were taken from each fish sampled, and if sufficient liver 

tissue was available, separate samples were collected for analyses of cytochrome 

P4501A, DNA adducts, glutathione, and organic chemistry. Plasma samples were

collected from all fish which were large enough to perform venipuncture. Fish muscle 

tissue and stomach contents were also collected for analytical chemistry. All bile, liver, 

plasma, and muscle samples were frozen immediately after collection. All samples

were collected under chain-of-custody (COC) procedures, and samples which have not 

been analyzed are being maintained in archival status under COC at the NWFSC.

The second field sampling effort started on July 10, 1996 and was concluded on

August 2, 1996. Two crews of eight scientists from the ECD sampled biota and 

sediment in several locations throughout the salt ponds west of Narragansett Bay. In 

addition to the sites sampled previously, sites in Trustom Pond and Winnapaug Pond

were sampled, as shown in Figure 1. The focus of this effort was to sample several fish 

species from each of the salt ponds. The sampling gear employed included beach
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seines, gill nets, trawl nets, minnow traps, flounder traps, fyke nets and a sediment

grab. Fish species collected were winter flounder, windowpane flounder (Scopthalmus

aquosus), summer flounder (Paralichthys dentatus), mummichog (Fundulus heteroclitus), 

striped killifish (Fundulus majalis), Atlantic silversides (Menidia menidia), striped bass

(Morone saxatilis), bluefish (Pomatomus saltatrix), oyster toadfish (Opsanus tau) and tautog

('Tautoga onitis). Samples were collected using the same protocols used for the winter 

sampling, except that for the Fundulus and Menidia species, samples from several fish

had to be composited to provide sufficient sample size for analysis. Histological 

samples were taken from a subset of the fish used in the composites. Facilities at the 

NMFS Narragansett laboratory was used for performing the necropsies during the

summer sampling.

Sample analysis: Forty-eight of 105 bile samples from adult winter flounder captured

in February and March 1996 were analyzed for fluorescent aromatic compounds (FACs) 

by high performance liquid chromatography (HPLC) with fluorescence detection, using 

the method of Krahn et al. (1986). This semi-quantitative procedure for measuring FACs

in bile provides a rapid assessment of exposure of fish to petroleum-related aromatic

compounds (ACs) and was been used extensively to evaluate exposure of fish to ACs 

from the Exxon Valdez oil spill (EVOS) in Alaska (Collier et al., 1996a). The fluorescent

responses were recorded at the wavelength pairs for naphthalene (NPH) and 

phenanthrene (PHN), prominent constituents of ACs in petroleum. These wavelengths 

have been shown to be most useful for determining petroleum exposure in fish (Krahn

et al., 1992). In the paragraphs below we primarily discuss the results of biliary FACs 

measured at PHN wavelengths, because of the very strong statistical correlation with 

NPH values (r = 0.994, p = 0.0001). This approach is similar to what was done for most

of our EVOS data. Biliary FAC values were normalized against protein content of bile

in order to partially account for variable water content of bile (Collier and Varanasi,
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1991). Of the 188 bile samples collected in the summer sampling, 60 were analyzed, and 

these included samples from adult winter flounder, striped bass, and mummichog. All 

data, at both wavelengths, and with and without protein correction, are given in 

Appendix 1.

Results and Discussion

This report focuses on the data showing exposure of winter flounder to oil 

(shown in Figure 2), and an estimation of the potential for biological injury resulting 

from the oil exposure. The results of all analyses done, for both sampling periods and 

for winter flounder, striped bass, and mummichog, are presented in Table 1. 

Discussion of the data for striped bass and mummichog can be found in Collier et al. 

(1996b).

Winter sampling: The results of the bile analyses showed that many adult winter

flounder in the salt ponds were exposed to petroleum following the NCOS, and the 

levels of exposure appeared to be substantially higher than the levels of exposure of

flatfish following the EVOS. Whereas we found mean concentrations of more than 

100,000 ng PHN equivalents/mg biliary protein in winter flounder following the NCOS 

(see Table 1, Point Judith Pond/Jerusalem), the highest such value (e.g., site mean) for 

any flatfish species following the EVOS was less than 15,000 (Collier et al., 1996a; Horn 

et al, 1996).

Specifically, there were significantly higher (as determined by ANOVA of log-

transformed data) mean concentrations of biliary FACs in winter flounder from Point

Judith Pond (i.e., Ram Island, Turner Pt., Jerusalem) and Ninigret Pond, areas that were 

oiled by the spill, compared to concentrations in fish from the Narrow River, a reference

site, that was not affected by the oil spill (Table 1, Figure 2). For example, the mean 

concentration of biliary FACs in fish captured near Jerusalem at the mouth of Point
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Judith Pond was 18-fold greater than the concentration measured in fish from Narrow

River. Increased concentrations of biliary FACs were also measured in fish captured 

from Ram Island (14-fold greater) and Turner Point (10-fold greater), other sites within 

Point Judith Pond, relative to the reference fish (Table 1). Statistical evaluation of bile

analyses of winter flounder captured from Quonochontaug Pond, an area that was not

thought to have been substantially contaminated by the NCOS, was not done because 

only 2 fish were sampled. However, both fish showed concentrations of biliary FACs

that were in the range of FAC concentrations found in fish from the other contaminated

ponds.

Summer sampling: Overall, the results of the second set of bile analyses showed that

exposure to AHs is continuing following the NCOS, though the levels of exposure were 

reduced from the levels seen in February. Levels of biliary FACs in winter flounder (on 

a protein-adjusted basis) decreased by 67% and 26% at two sites in Pt. Judith Pond

(Jerusalem and Ram Island, respectively), and also decreased by 50% at the site in

Quonochontaug Pond (see Table 1 and Figure 2). Sediment concentrations of AHs also 

decreased at these sites in Pt. Judith Pond (there have been no analyses of sediments

collected from Quonochontaug Pond) during this period, to an even more marked 

degree. At the sediment sites near Jerusalem (sites 10, 11, and 12), levels of ACs 

essentially decreased by 100%, to below detection limits, and at the sites near Ram

Island (sites 8 and 9) concentrations of lower molecular weight ACs dropped 87% and 

49%, respectively. These proportional changes were calculated from the sediment 

chemistry data we submitted to the TWG in July and September of 1996, with the final

submission in October, 1996. Those data are attached to this report as Appendix 2, and 

are discussed in Hinga (1997). Thus, although both sediment and fish bile are showing 

decreases in AH contamination, the rate of decrease is apparently slower in fish bile

than in the sediments. This suggests that there may be another source for AH 

contamination of fish, such as via their diet. This question would best be addressed by
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conducting analyses of the archived stomach contents samples collected from these fish. 

However, with the current data set, such a hypothesis cannot be tested. It does not 

appear likely that the relatively high levels of exposure seen in Pt. Judith Pond during 

the summer are primarily due to the vessel traffic around Jerusalem and Galilee, as 

levels of FACs in bile decreased to a greater degree in fish from the Jerusalem site as 

compared to fish from Ram Island, a site with much less vessel traffic.

In contrast to the decreasing trends seen in fish from the salt ponds, levels of 

FACs in bile of winter flounder from the reference site, Narrow River, increased 100% 

between February and July. As shown in Figure 2, however, levels of exposure at this 

site were still well below the apparent summertime exposure in fish from Pt. Judith 

Pond. This slight increase in fish from the Narrow River is consistent with a presumed 

increase in vessel traffic and increased road traffic and resultant street runoff in this area 

during the summer. Accordingly, the levels of FACs in bile of fish from the Narrow 

River are useful for estimating background PAH exposure of winter flounder in the salt 

pond region.

Because levels of FACs in bile decrease quickly after exposure of fish to aromatic 

hydrocarbons ceases [we estimate the 'biological half life' to be about 2 weeks (Collier 

and Varanasi, 1991; Collier and Anulacion, 1992)], the data collected in the summer and 

winter NCOS samplings should be considered to represent the current, on-going, 

exposure of the fish sampled. Thus, while some winter flounder presumably moved 

into and out of the salt ponds and Narrow River between the winter and summer 

samplings, the data presented here give an indication of the overall exposure of adult 

flatfish populations in the ponds during the period from February to July.
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Estimation of potential for biological injury

Based on previous field and laboratory studies with winter flounder, English sole 

and other flatfish species, there is reason to believe that the levels of exposure of winter 

flounder following the NCOS, as indicated by the biliary FAC concentrations measured 

during the winter and early spring spawning season, are sufficient to cause a variety of 

biological effects, including reproductive impairment. It should be emphasized, 

however, that these presumed effects, which are based on the exposure assessments 

done under DAC funding, are only speculative. Samples of plasma and ovarian tissue 

are currently in archival status, and analyses of these samples would be required for a 

better estimation of biological injury. Confounding the estimation of injury based on 

exposure measurements alone is the probability that there are species differences in 

uptake, disposition, metabolism, and excretion of AHs, as well as differences in the 

sensitivity of different species to toxic effects of AHs (McCain et al. 1982; Myers and 

Rhodes, 1988; Collier et al., 1992; Johnson et al., 1994). Nonetheless, based on best 

available information, major possible impacts of the NCOS on winter flounder are 

described below, along with the reasons for concern that such effects may have 

occurred as a result of the NCOS.

Depressed plasma sex steroid levels. Studies have shown that oil exposure can 

cause reduced levels of reproductive steroid hormones in flatfish species that are related 

to winter flounder. For example, in rock sole and flathead sole exposed to Prudhoe Bay 

crude oil by injection at doses of 0.1-1.5 ml/kg body wt, reductions in plasma estradiol 

concentrations and in vitro ovarian estradiol concentrations were observed at all doses 

tested (Johnson et al. 1995). At 0.1 ml/kg, reductions were about 10-20% relative to 

controls, while at 0.5-1.5 ml/kg, reductions were 40-50% relative to controls. Mean 

biliary FAC concentrations at the different treatments ranged from about 100,000 ng 

NPH or PHN equivalents/mg bile at 0.1 ml/kg to about 600,000 NPH or PHN 

equivalents/mg bile at 1 ml/kg. These FAC-NPH levels are quite similar to those
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observed in winter flounder following the NCOS; FAC-PHN levels in PBCO-treated fish 

are somewhat higher. However, it is difficult to quantitatively compare the results from 

Johnson et al (1995) to the results from the NCOS study, as we have found that 

laboratory studies of the effects of contaminants on plasma steroids are confounded by 

the stress of holding feral animals in captivity. For example, we found that the stress of 

treatment and handling alone resulted in a 30-35% decline in plasma steroid 

concentrations in control fish in the study by Johnson et al. (1995).

It is more useful to compare the NCOS results to results from other field studies 

following oil spills. After the EVOS, female fish were collected during the reproductive 

season approximately one year after the spill, thus fish sampled from contaminated 

areas were presumably chronically exposed to oil. In the EVOS study, depressed 

plasma estradiol concentrations were observed at biliary FAC concentrations 

substantially below those observed in the PBCO laboratory exposure (Collier et al. 1993; 

Sol et al. 1995; Varanasi et al. 1995). In dolly varden char, depressed plasma estradiol 

concentrations (about 2000 pg/ml or lower) were found in fish with PHN 

concentrations above about 5000 ng/mg bile protein and NPH concentrations above 

50,000 ng/mg bile protein (Figure 3a). Very similar results were obtained for yellowfin 

sole, where depressed plasma estradiol concentrations were found in fish with PHN 

concentrations above about 7500 ng/mg bile protein and NPH concentrations above 

50,000 ng/mg bile protein (Figure 3b).

Reduced plasma estradiol concentrations have also been associated with 

exposure to ACs derived from industrial sources. In English sole from urban areas in 

Puget Sound (Figure 4), biliary FAC-NPH levels of about 100,000 ng NPH 

equivalents/mg bile protein and PHN levels of about 50,000 ng PHN equivalents/mg 

bile protein and greater have been associated with depressed plasma estradiol 

concentrations in adult female sole (Johnson et al. 1988, 1993, unpublished data). 

Winter flounder, however, may be less sensitive to the effects of chronic AC exposure



on reproductive steroids. In a recent field survey (Johnson et al. 1994) no correlation 

was found between biliary FAC concentrations and plasma E2 levels in reproductively 

maturing female winter. Although fish with the highest plasma E2 levels generally 

showed low AC exposure, plasma E2 concentrations in the small number of fish with 

biliary FAC concentrations above 50,000 ng PFIN equivalents/mg bile protein or 

100,000 ng NPH equivalents/mg bile protein were within the normal range for 

vitellogenic female winter flounder. These different responses may be due to 

differences in sensitivity between winter flounder and other species which have been 

studied, or to differences in the timing and duration of exposure.

Several additional laboratory studies by other researchers have documented 

alteration in steroid hormone concentrations or metabolism in fish, including male 

winter flounder, at exposure levels of 25-50 ppm of petroleum compounds in sediment, 

the approximate exposure range for winter flounder from the most heavily impacted 

salt ponds (e.g., Jerusalem, Ram Island, and Turner Point in Point Judith Pond, and 

Ninigret Pond). For example, male winter flounder exposed to crude oil at sediment 

PHN concentrations of 100-200 ppb, or total AC concentrations of 25 ppm, exhibited 

subtle changes in reproductive steroid metabolism, including declines in plasma 

concentrations of steroid glucuronides. These changes did not affect gonadal growth 

but could alter spawning success as these steroid metabolites are thought to act as 

pheromones in flatfish (Truscott et al. 1992; Idler et al. 1995). At higher exposures, 

concentrations of biologically active sex steroids (testosterone and 11-ketotestosterone) 

were also reduced (Idler et al. 1995). Although female fish were not tested in these 

studies, glucuronide conjugates are also major metabolites of estradiol in winter 

flounder (Truscott 1983). From these results, one could presume similar effects would 

occur in female flounder following oil exposure. In a similar experiment, female 

Atlantic croaker were exposed to the water-soluble fractions of diesel fuel oil (25-50 

ppm) and naphthalene (0.5-1.0 ppm) for 5-10 weeks during reproductive development.
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These fish exhibited decreased secretion of pituitary gonadotropins as well as a 

reductions in ovarian production and plasma concentrations of the female sex steroid, 

17-(3 estradiol (Thomas and Budiantara 1995).

Altered gonadal development and inhibited spawning. Declines in plasma sex 

steroid concentrations are associated with both inhibited gonadal development and 

inhibited spawning in several studies in which fish were exposed to oil or to ACs from 

other sources. In English sole from urban areas in Puget Sound, elevated bile FAC 

levels are associated with inhibited gonadal development in female sole (Johnson et al. 

1988, 1993, unpublished data); for example, in one contaminated waterway, female 

English sole with FAC-NPH concentrations between 100,000 and 300,000 ng 

equivalents/mg bile protein have about a 25% decreased likelihood of maturation 

compared to fish with FAC levels that are lower, while those with FAC levels of 300,000 

to 500,000 NPH ng equivalents/mg bile protein have only about a 5-10% likelihood of 

gonadal development (Figure 5). Biliary FAC concentrations in the same range noted 

above have also been associated with inhibition of spawning (Casillas et al. 1991). In 

that study, only 40% of English sole from Eagle Harbor, a site which has sediment AC 

concentrations ranging from 10-100 ppm (wet wt), spawned successfully, as opposed to 

80-90% spawning success for female sole from a minimally contaminated reference site. 

Similar to the findings on plasma E2 concentrations, inhibited gonadal development 

was not observed in winter flounder from Boston Harbor and Raritan Bay with biliary 

FAC concentrations as high as 1,000,000 ng NPH equivalents/g bile or estimated 

150,000 ng NPH equivalents/mg bile protein (Johnson et al. 1994); however, no data are 

available on the effects of acute AC exposure on spawning ability in this species.

The resorption or deterioration (atresia) of eggs is a common reaction to exposure 

to oil or ACs from other sources. For example, in oil-exposed flathead sole with biliary 

FAC concentrations of approximately 75,000 ng PHN equivalents/mg bile protein or
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300,000 ng NPH equivalents /mg bile protein, increased atresia of yolked oocytes was 

found; the prevalence of atresia increased by about 40% relative to control animals 

(Johnson et al. 1995). Winter flounder from Mystic River in Boston Harbor showed 

increased atresia at biliary FAC-NPH concentrations of 300,000-1,000,000 ng/g bile (no 

protein corrections were done in this study), as well as reductions in egg size (Johnson 

et al., 1994). Biliary FAC-NPH concentrations well above this range were seen in winter 

flounder collected in February and March from all of the salt ponds (but not the Narrow 

River) following the NCOS (Figure 6 and Appendix 1).

Impaired ovarian recrudescence and increased oocyte atresia were also observed 

in female Atlantic croaker (Micropogonias undulatus) exposed to the water soluble 

fraction of diesel fuel oil (2.5-5% by volume) or naphthalene (0.5-1.0 ppm). Both 

pollutants blocked sexual maturation in some fish and impaired ovarian recrudescence 

in others. The majority of oocytes in exposed fish were undeveloped and widespread 

oocyte atresia was evident at higher concentrations of these polycyclic aromatic 

hydrocarbons (PAH). In gravid females, exposure to these xenobiotics appeared to 

interfere with final oocyte maturation and spawning (Thomas and Budiantara 1995).

There is also some evidence that exposure to very low concentrations of oil may 

accelerate egg development. In starry flounder, exposure to concentrations of 100 to 200 

ppb of the water soluble fraction of Cook Inlet crude oil for 1-3 weeks resulted in 

accelerated egg maturation (Whipple et al. 1978). However, in this same experiment, 

accelerated development was associated with a decline in egg quality, and an increased 

incidence of abnormal or dead eggs. The estimated decline in egg viability as a result of 

oil exposure was around 15-30%. Moreover, accelerated maturation could result in 

inappropriate timing of egg release so that food availability or environmental 

conditions for larval growth are sub-optimal.

Reduced embryo and larval viability. Oil exposure studies conducted during the 

late 1970's indicated that oil exposure may reduce egg and larval viability in winter
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flounder (Kuhnhold et al. 1978). In these experiments, both direct exposure of winter 

flounder eggs to 100 ppb water-accommodated No. 2 fuel oil or exposure of gravid 

adults to 100-1000 ppb of oil in water resulted in reduced viable hatch, hatching delay, 

and larval abnormalities. Moreover, winter flounder exposed to ACs from other 

sources (e.g., industrial activities) also appear to experience reduced egg and larval 

viability at exposure levels comparable to those found in the NCOS fish. Winter 

flounder from industrial areas in Boston Harbor exhibited 10-30% declines in 

fertilization success, % hatch, % viable hatch, larval yolk sac lipid concentrations and 

yolk sac size, and larval size in comparison to reference fish (Nelson et al. 1991; Perry et 

al. 1991), as well as reduced egg size and increased ovarian atresia (Johnson et al. 1994). 

Mean biliary FAC-NPH concentrations in winter flounder from these sites ranged from 

280,000 to 1,000,000 ng/g bile, or approximately 70,000 to 150,000 NPH equivalents/mg 

bile protein. In English sole, biliary FAC concentrations in this same range were 

associated with reduced fertilization success (about a 50% reduction in fertilization 

success compared to control animals) and a 10-15% reduction in the proportion of 

normal larvae produced (Casillas et al. 1991).

A variety of other studies also suggest that injury to fish embryos or larval 

viability may occur at exposure to aqueous concentrations of oil as low as 0.5 ppm. 

Capelin (Mallotus villosus) embryos exposed from fertilization to hatch to the water- 

soluble fraction of Hibernia crude oil exhibited sublethal effects at concentrations 

greater than or equal to 0.5 ppm. These effects included delayed or accelerated hatching, 

reduced size resulting from a reduction in the rate of yolk conversion, and reduced 

pigmentation (Paine 1989). Exposure of developing pollock (Theragra chalcogramma) 

embryos to static water-soluble fractions (WSF) of Cook Inlet crude oil in seawater at 

concentrations of 2 ppm and above slowed initial development, produced shorter 

larvae, and caused a variety of morphological abnormalities. Prehatch mortality was 

reduced by up to 26%, and those larvae that survived were malformed, smaller, and



had poorer survival potential than controls (Carls and Rice 1990). Unusually high 

proportions of abnormal herring larvae (Clupea harengus) were also observed following 

an oil spill in the Bothnian Sea, with 30-40% of larvae exhibiting notochord curvature or 

damage (Urho and Hudd, 1989). Similar impacts have been observed in African 

mudfish larvae (Clarias gariepinus), exposed to petroleum refinery effluent. Exposure to 

5% percent petroleum refinery effluent stimulated early hatching (approximately 16 

hours after fertilization), while 50-100% effluent delayed hatching until after 25-31 hours 

after fertilization. Spinal flexures of larvae (abnormal larvae) was common, and larval 

survival declined at doses above 10% effluent (Onuoha and Nwadukwe 1990).

Oil exposure may also have a detrimental effect on metamorphosis of flatfish 

larvae. While specific data are unavailable for winter flounder or other flatfish, in the 

green tree frog (Hyla cinerea), exposure to crankcase oil resulted in reduced growth at 

concentrations of 50-100 mg/L, and failure of metamorphosis at a concentration of 100 

mg/L (Mahaney 1994).

Growth impairment in juvenile fish. Recent studies done in our laboratories on 

growth of juvenile English sole exposed to AC-contaminated sediments indicate 

significant growth impairment in fish with biliary FAC concentrations in the range of 

200,000 to 500,000 NPH ng equivalents/mg bile protein or 50,000 to 120,000 PHN ng 

equivalents/mg bile protein (L. Kubin, unpublished data). Growth reductions did not 

become apparent until approximately 90 days after exposure began. Reduced growth 

has also been observed in juvenile pink salmon fed oil-contaminated food (Wang et al. 

1993, Mortensen and Carls 1994) and in Atlantic salmon parr exposed to water-borne 

crude oil (Vignier et al. 1992).

Altered immune response. At sediment PHN concentrations of 0.1-0.2 ppm and 

total PAH concentrations of about 25 ppm and above, winter flounder showed 

significant declines in numbers of melanomacrophage centers in liver, which could be 

evidence of reduced immune response (Payne and Fancey 1989). Alterations in



immune function, including suppression of secondary immune response, have also 

been observed in juvenile salmon exposed to PAHs from industrial sources (Arkoosh et 

al. 1994).

Increased liver weight. At sediment PHN concentrations of 0.1-0.2 ppm and total 

PAH concentrations of 25 ppm and above winter flounder show significant increases in 

hepatosomatic index (Truscott et al. 1992; Payne et al. 1988), which could be due to 

hypertrophy or proliferation of liver cells (Heath 1987).

Potential Impacts of the NCOS on Winter Flounder Reproductive Output

Based on the data cited above, winter flounder from the salt ponds impacted by 

the NCOS would be likely to show a wide range of sublethal effects, leading to an 

overall reduction in reproductive capacity. The reasoning for this statement is given 

below.

Reductions in concentrations of plasma sex steroids or their metabolites have 

been observed at biliary FAC concentrations as low as 50,000 ng PHN equivalents/mg 

bile protein or 100,000 ng NPH equivalents/mg bile protein in several field and 

laboratory studies. As shown in Figure 7, 40% of the winter flounder sampled in the 

salt ponds during the winter of 1996 had FACs-PHN concentrations at or above 50,000 

ng PHN equivalents/mg bile protein, and 70% of the same winter flounder had FACs- 

NPH concentrations at or above 100,000 ng NPH equivalents/mg bile protein. 

Consequently, changes in plasma sex hormone levels could be expected in a substantial 

proportion (up to 70%) of the winter flounder population present in the salt ponds 

following the NCOS. The actual proportion of winter flounder affected might be 

somewhat lower, however, because there is some indication that this species may be 

less sensitive than other flatfish to the effects of contaminants on steroid hormone levels
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(Johnson et al. 1994). It should be noted, however, that those data were obtained from

animals chronically exposed to industrially-derived PAHs, and flounder may respond 

differently to acute exposure to very high concentrations of oil, such as occurred 

following the NCOS. There is some evidence of this from studies with other flatfish.

For example, although rock sole experienced substantial reductions in plasma E2

concentrations following acute exposure to PBCO in the laboratory (Johnson et al. 1995), 

no significant negative relationship was found between biliary FACs and plasma E2

concentrations in field studies with this species (Johnson et al. in press).

As noted above, in English sole exposed chronically to ACs from industrial 

sources, we have observed inhibition of gonadal development in fish with biliary FAC

concentrations of 100,000 ng NPH equivalents/mg bile protein. However, inhibited 

gonadal development was not observed in winter flounder from Boston Harbor and 

Raritan Bay with elevated biliary FAC concentrations (Johnson et al. 1994). Moreover,

because winter flounder undergo most of their gonadal development offshore, and only 

move into the nearshore area and salt ponds for final maturation and spawning, it is not 

likely winter flounder were exposed to oil spilled from the North Cape during early

phases of ovarian development. Accordingly, inhibition of vitellogenesis was not 

considered as a factor in the overall evaluation of reproductive impairment in winter 

flounder as a result of the NCOS. Winter flounder in the Boston Harbor study did

exhibit increased oocyte atresia, however, and this response would be expected in a 

high proportion of flounder exposed to oil following the NCOS, resulting in a loss in 

egg production.

Oil exposure may also have affected final oocyte development and spawning in 

some winter flounder, either by altering plasma steroid concentrations or through other 

mechanisms. In English sole, vitellogenic females chronically exposed to ACs, with

biliary FAC levels of 70,000 to 150,000 ng NPH equivalents/mg bile protein exhibited 

reduced spawning ability (Casillas et al. 1991). Spawning failure was associated with

17



plasma estradiol concentrations of 40-50% of average concentrations in reference fish of 

comparable sexual maturity (Casillas et al. 1991); however, it was not clear from this 

study whether spawning inhibition was due to the low plasma E2 levels, or to 

concurrent effects of PAHs on pituitary function or maturation inducing steroids (e.g., 

see Thomas and Budiantara 1995). In PBCO exposure study (Johnson et al. 1995), 

plasma estradiol concentrations and in vitro estradiol production in female flatfish 

declined by 40-50% relative to controls in moderate to high dose treatments, where 

mean biliary FAC-NPH concentrations were at or above 500,000 NPH equivalents/mg 

bile protein. Comparable biliary FACs-NPH levels were found in roughly 20% of 

winter flounder sampled from all the salt ponds, and in 30% of flounder from Point 

Judith Pond (Figure 7). Because of species sensitivity issues, we cannot be certain how 

this level of acute oil exposure may have affected winter flounder, but there is some risk 

that it may have produced comparable declines in plasma hormone concentrations and 

associated effects on final oocyte maturation, with subsequent spawning failure. Data 

showing inhibited spawning in Atlantic croaker (Thomas and Budiantara 1995) and 

alterations in sex pheromones in winter flounder (Truscott et al. 1992; Idler et al. 1995) 

exposed to oil further support the possibility of spawning impairment in winter 

flounder impacted by the NCOS.

Of those flounder that spawned successfully, we might expect significant 

declines in egg and larval viability in a high proportion of fish. At biliary FAC 

concentrations of about 100,000 ng NPH equivalents/mg bile protein, English sole from 

Eagle Harbor, a PAH-contaminated site in Puget Sound, exhibited approximately a 50% 

reduction in fertilization success, whereas larval viability was reduced by about 10% 

(Casillas et al. 1991). Studies in winter flounder from Boston Harbor show about a 10- 

30% reduction in larval viability (Nelson et al. 1991; Perry et al. 1991) at FACs-NPH 

around 300,000 [estimated to be about 70,000 corrected for protein (Johnson et al. 1994)]. 

Nearly 70% of flounder from all the salt ponds and 85% of flounder from Point Judith



Pond had FAC levels at or above this range in the winter sampling. If we assume a 

scenario in which winter flounder suffered from the combined impact of spawning 

impairment, reduced egg viability, and reduced larval viability, the overall 

reproductive output of Judith Pond winter flounder is estimated to be about 35-40% of 

the reproductive output of fish from unimpacted ponds. It should be noted that this 

estimation of impact is extrapolated from our studies linking increased exposure to 

reductions in reproductive outputs of English sole, so may overestimate effects on the 

less sensitive winter flounder. However, it is based on measurements of maternal 

exposure only. Thus, there may be additional effects on male reproductive capacity, as 

well as impacts on spawned demersal eggs, larvae, and developing or resident juveniles 

exposed to oiled sediments.
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Table 1. Concentrations of fluorescent aromatic compounds in bile of fish sampled from 
Rhode Island salt ponds and the Narrow River following the North Cape oil spill. Data 
shown are for measurements at phenanthrene (PHN) wavelengths only. Data for 
measurements at naphthalene wavelengths are given in Appendix 1.

Species Site Time Na PHNb PHN/protc
Winter
Flounder

Point Judith

fekCw-i- - Bp' ? f3 
■ ... ■ ... ~- 

-. * j c' * -. $ V ■ '!

Jerusalem Feb/Mar 8 1,100,000 ± 260,000
July 5 66,000 ± 13,000

110,000 ± 26,00(
37,000 ± 8,600

Ram Island Feb/Mar 10 830,000 ± 240,000
July 5 120,000 ± 20,000

81,000 ± 12,000
60,000 ± 10000

Turner Point Feb /Mar 10 370,000 ± 69,000
• •July

58,000 ±11,000
•

Ninigret Pond Feb/Mar 14 390,000 ± 110,000
• •July

55,000 ± 11,000
•

Quonochontaug Feb/Mar 2 110,000 ±55,000
Pond

26,000 ± 12,000

July 6 28,000 ± 3,600 13,000 ± 2,700

Narrow River Feb/Mar 6 22,000 ± 11,000
July 5 19,000 ± 2,700

6,000 ± 1,300
12,000 ± 5,500

• •Winnapaug Pond Feb /Mar
July 6 20,000 ± 3,500

•
15,000 ± 5,700

Striped Bass
Point Judith

Feb/Mar • •Ram Island
July 3 38,000 ± 1,400

•
26,000 ± 1,100

• •Turner Point Feb/Mar
July 3 42,000 ± 16,000

•
30,000 ± 5,600

• •Quonochontaug Feb/Mar
Pond

•

July 5 17,000 ± 4,700 6,200 ± 800

a N = number of samples analyzed. Numbers followed by a C indicate the number of composite samples analyzed, 
b Fluorescence measured at phenanthrene (PHN) wavelengths. Units are ng PHN equiv/g bile. Values are mean ± SE 
c Fluorescence corrected for protein content. Units are ng PHN equiv/mg biliary protein.
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Species Site Time Na PHNb PHN/protc

Mummichog
Point Judith

.

Jerusalem Feb/Mar
July

•
2 C

•
53,000 ± 710

•
7,800 ± 400

Ram Island Feb/Mar
July

•
2 C

•
38,000 ± 1,400

•
6,400 ± 22

Turner Point Feb/Mar
July

•
2 C

•
42,000 ± 16,000

•
7,700 ± 1,300

Ninigret

Ninigret 2

Feb/Mar
July

Feb /Mar
July

•
2 C

•
2C

•
21,000 ± 95

•
13,000 ± 2,300

•
3,700 ±210

•
2,800 ± 550

Quonochontaug
Pond

Feb/Mar • • •

July 1C 10,000 10,000

Potter Pond Feb /Mar
July

•
2 C

•
14,000 ± 440

•
3,000 ± 162

Succotash Marsh Feb /Mar
July

•
2 C

•
38,000 ± 1,400

•
12,000 ± 800

Trustom POND Feb/Mar
July

•
2 C

•
14,000 ± 3,400

•
4,700 ± 1,000

Cards Pond Feb/Mar
July

•
2C

•
32,000 ±12,000

•
6,100 ± 4,000

Narrow River Feb/Mar
July

•
2 C

•
16,000 ± 3,800

•
4,400 ±1,200

Winnapaug Feb /Mar
July

•
1C

•
12,000

•
4,100

a N = number of samples analyzed. Numbers followed by a C indicate the number of composite samples analyzed. 
b Fluorescence measured at phenanthrene (PHN) wavelengths. Units are ng PHN equiv/g bile. Values are mean ± SE 
c Fluorescence corrected for protein content. Units are ng PHN equiv/mg biliary protein.



Figure 1. Fish and sediment sampling sites in Pt. Judith and Potter Ponds.
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Figure 2. Mean levels of fluorescent aromatic compounds (FACs) in bile of winter 
flounder sampled from the salt ponds and Narrow River (reference site) in the winter 
and summer of 1996. Error bars denote standard error of the mean (SE), and numbers 
above error bar denote the number of samples analyzed. Data are for analyses done 
at phenanthrene (PHN) wavelengths, and corrected for protein content. Data at 
naphthalene (NPF1) wavelengths, and without protein correction, are given in 
Appendix 1.
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Figure 3. Relationships between plasma estradiol concentration (pg/ml) and biliary 
FAC levels in a) female dolly varden and b) female yellowfin sole sampled following
the Exxon Valdez oil spill. Data from Varanasi et al. (1995).
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Whole-Model Test
Model LogLikelihood DF ChiSquare Profc»ChiSq
Difference 3.811541 1 7.623082 0.005763
Full 52.697399
Reduced 56.508940

RSquare (U) 0.0675
. Observations for Sum Wats!----- S3

Figure 5. Probability (p) of ovarian development in adult female English sole (age 5+) 
function of biliary FAC-NPH level (ng equiv/mg bile protein). A similar relationship 
observed for biliary FAC-PHN concentrations. Probability of ovarian development 
estimated using logistic regression analysis. Data from Johnson et al. (unpublished data).
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following the NCOS. Data for NCOS fish at NPH wavelengths and without protein correction, 
are given in Appendix 1. Other data from Johnson et al. (1994).
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Appendix 1.
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APPENDIX 1

Levels of fluorescent aromatic compounds in bile of fish sampled 

following the North Cape oil spill
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APPENDIX 2

Data, case narratives, and cover memo for analyses of aromatic 

compounds in sediments following the North Cape oil spill



d UNITED STATES DEPARTMENT OF COMMERCE 
National Oceanic and Atmcspneric Administration
NATIONAL MARINE FISHERIES SERVICE

Northwest Fisheries Science Center 
2725 Montlake Boulevard East 
Seattle, Washington 98112

October 15, 1996

Dr. Jacqueline Michel 
Research Planning, Inc.
P.O. Be* 328 - 
Columbia, SC 29202

Dear Jacqui:

The data and case narratives are enclosed for the analyses conducted to 
measure aromatic compounds in sediments collected from the salt ponds 
affected by the Rhode Island (North Cape) oil spill as part of the Damage 
Assessment Center's study. Please call me (206-860-3326) if you have any 
questions.

Sincerely,

Margaret M. Krahn, Ph. D. 
Manager
Environmental Chemistry Branch

cc. John Stein - F/NWC2 
Tracy Collier - F/NWC2 
Don Brown - F/NWC2
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CASE NARRATIVE

Sediment Analyses for the North Cape Oil Spill 
Damage Assessment

Semivolatile Organics—Sampling #1—2/96

Calibrations
The calibration data used to quantitate the analytes (Tables 1J and IK) met 
the initial and continuing calibration criteria detailed in the 
"Commencement Bay Quality Assurance Plan. 12/95" (QAP).

Method Blank Analysis
The criteria in the QAP for method blanks (Tables IE & IF) were met 
(no more than 4 analytes to exceed 3 X MDL; Table 1L).

Surrogate Recoveries
Surrogate recoveries for samples analyzed by GC/MS for ACs (Table 1A) 
were within the guidelines detailed in the QA Plan (50-125% recovery).

SRM Analyses
An aliquot of NIST tissue SRM 1941a was analyzed with each of the 
sample sets, and the results (Tables IE & IF) met the criteria in the QA 
plan (>70% of concentrations for the certified analytes that were present 
in NIST SRM 1941a in concentrations greater than 10 times the MDL 
were within 35% of either end of the NIST certified value ± 95% 
confidence interval. Noncertified values for the other analytes in the SRM 
are also shown in the tables.

Sample Duplicates/Replicates
One sample was analyzed in duplicate (Tables 1H & II) and the criteria in 
the QAP were met, except for ACY and C4PHN. The concentration of 
ACY and certain individual C4 compounds that contribute to “C4PHN’' 
were so low that they were not detected in one sample but were detected in 
the duplicate-in these cases the RSD may be >50%, but is meaningless.

1
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Reanalyses
There is no plan to reanalyze any samples.

2
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Barge North Cape Oil Spill Study

Analyses for Aromatic Contaminants 
Table 1 Notes

The "less than" symbol (<) indicates that the analyte was not detected in 
concentrations above the stated value.

Results were determined by gas chromatography/mass spectrometry (GC/MS) 
using scan mode.

The concentrations of the analytes from naphthalene through C4-naphthalene 
were calculated using naphthalene-d8 as the surrogate standard; analytes 
from acenaphthylene through fluoranthene/C2-pyrene were calculated 
using acenaphthene-d10 as the surrogate standard; and analytes from 
benz[a]anthracene through benzo[ghi]perylene were calculated using 
benzo[a]pyrene-d12 as the surrogate standard.

Response factors for the parent (non-alkyls substituted compounds) are also 
used as the response factors for the corresponding alkyl substituted 
homologs.

Concentrations of ACs are rounded to two significant figures.

LACs, or low molecular weight ACs, are determined by summing the 
calculated (nonrounded) concentrations of 2 and 3-ring ACs, from 
naphthalene through the C4-phenanthrenes, and are then rounded to two 
significant figures. HACs, or high molecular weight ACs, are determined by 
summing the calculated (nonrounded) concentrations of 4 through 6-ring 
ACs, from fluoranthene through benzo[ghi]perylene, and are then rounded 
to two significant figures. ACs below the detection limit are counted as zero 
when summing concentrations.

The percent recoveries of the surrogate standards were calculated using 
phenanthrene-d10 to correct for the fraction of the total extract used for the 
HPLC clean-up step.

Set # and Sample # designations are intended for internal lab use and 
identification only. Site name, station, and jar number represent official 
sample identification designations, as given by those groups providing the 
samples.

The sample weight used to calculate concentrations for the method blank is the 
mean sample weight calculated for the field samples in the same set.

LITIGATION SENSITIVE ATTORNEY WORK PRODUCT ATTORNEY-CLIENT PRIVILEGE
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Table IK: Standard curve correlation (r) from the 
linear regression of the concentrations of the analyte to 
the area response for the multilevel standards.

Set NC386 Set NC387 Set NC388
Analyte r r r
naphthalene 1.000 0.999 1.000
acenaphthylene 1.000 1.000 0.999
acenaphthene 1.000 1.000 0.999
fluorene 1.000 1.000 1.000
phenanthrene 1.000 0.999 1.000
fluoranthene 0.999 0.999 1.000
pyrene 0.999 0.998 1.000
benz[a]anthracene 0.998 0.996 1.000
chrysene 0.999 0.999 1.000
benzo[a]pyrene 1.000 0.999 0.999
indeno[l,2,3-cd]pyrene 0.997 0.994 0.998
dibenz[a,h]anthracene 0.998 0.996 1.000
benzo[ghi]perylene 0.997 0.997 1.000
d8-naphthalene 0.999 0.998 1.000
dlO-acenaphthene 0.999 0.998 1.000
dl2-b enzo [a]pyrene 0.999 0.998 1.000
dl2-perylene 0.999 0.999 1.000
dlO-phenanthrene 0.999 0.998 1.000
dlO-biphenyl 0.999 0.998 1.000
d8-fluorene 0.999 0.998 1.000

Based on six concentration levels of standards.

Litigation Sensitive - Attorney Work Product - Attorney-Client Privilege



  ed he tt  a yl buc  l da ec t a
an

d lucl axi cr  t sa nm o bn ra ae cl oc r dd ye hki  p cs it f a
o m os ret aa  rci ol fp  )e tr h g7 i eni w s  ye rt d 13

6.

y  l  ta , r

n /g apa g f n  Ro  , F Ls CDn 04oi (M  ft  a osr t  t i Bn m  e i xc l i dn n no oC i et pc p

1: et a

-p e  nd
1L

i  d d ole hothb e etaT m m
q 
30 

\fi V) 
h X 

N 
X X 

N 
h

^5 OS 
t-* 

90 
^ ©

vo 
X 

vo ri 
X X 

i/i
h h

90 
ad

VO n 
90—• 

f*3 
 ^o

^ c4 M 
9 ^ d os N N 

^ os - 
^ d fs d̂ N oŝ
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CASE NARRATIVE

Sediment Analyses for the North Cape Oil Spill 
Damage Assessment

Semivolatile Organics—Sampling #2—7/96

Calibrations
The calibration data used to quantitate the analytes (Tables 1J and IK) met 
the initial and continuing calibration criteria detailed in the 
"Commencement Bay Quality Assurance Plan, 12/95" (QAP).

Method Blank Analysis
The criteria in the QAP for method blanks (Tables IE & IF) were met 
(no more than 4 analytes to exceed 3 X MDL; Table 1L).

Surrogate Recoveries
Surrogate recoveries for samples analyzed by GC/MS for ACs (Table 1A) 
were within the guidelines detailed in the QA Plan (50-125% recovery).

SRM Analyses
An aliquot of NIST tissue SRM 1941a was analyzed with each of the 
sample sets, and the results (Tables IE & IF) met the criteria in the QA 
plan (>70% of concentrations for the certified analytes that were present 
in NIST SRM 1941a in concentrations greater than 10 times the MDL 
were within 35% of either end of the NIST certified value ± 95% 
confidence interval. Noncertified values for the other analytes in the SRM 
are also shown in the tables.

Sample Duplicates/Replicates
One sample was analyzed in duplicate (Tables 1H& II) and the criteria in 
the QAP were met. In several instances, the concentrations of analytes 
were so low that they were not detected in one sample but were detected in 
the duplicate-in these cases the RSD may be >50%, but is meaningless.

Reanalyses
There is no plan to reanalyze any samples.

1
Attorney-Client Work Product—Privileged and Confidential—FOIA Exempt



Barge North Cape Oil Spill Study

Analyses for Aromatic Contaminants 
Table 1 Notes

The "less than" symbol (<) indicates that the analyte was not detected in 
concentrations above the stated value.

Results were determined by gas chromatography/mass spectrometry (GC/MS) 
using scan mode.

The concentrations of the analytes from naphthalene through C4-naphthalene 
were calculated using naphthalene-d8 as the surrogate standard; analytes 
from acenaphthylene through fluoranthene/C2-pyrene were calculated 
using acenaphthene-d10 as the surrogate standard; and analytes from 
benz[a]anthracene through benzo[ghi]perylene were calculated using 
benzo[a]pyrene-d12 as the surrogate standard.

Response factors for the parent (non-alkyls substituted compounds) are also 
used as the response factors for the corresponding alkyl substituted 
homologs.

Concentrations of ACs are rounded to two significant figures.

LACs, or low molecular weight ACs, are determined by summing the 
calculated (nonrounded) concentrations of 2 and 3-ring ACs, from 
naphthalene through the C4-phenanthrenes, and are then rounded to two 
significant figures. HACs, or high molecular weight ACs, are determined by 
summing the calculated (nonrounded) concentrations of 4 through 6-ring 
ACs, from fluoranthene through benzo[ghi]perylene, and are then rounded 
to two significant figures. ACs below the detection limit are counted as zero 
when summing concentrations.

The percent recoveries of the surrogate standards were calculated using 
phenanthrene-d10 to correct for the fraction of the total extract used for the 
HPLC clean-up step.

Set # and Sample # designations are intended for internal lab use and 
identification oniy. Site name, station, and jar number represent official 
sample identification designations, as given by those groups providing the 
samples.

The sample weight used to calculate concentrations for the method blank is the 
mean sample weight calculated for the field samples in the same set.

LITIGATION SENSITIVE ATTORNEY WORK PRODUCT ATTORNEY-CLIENT PRIVILEGE
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Table IK: Standard curve correlation (r) from the 
linear regression of concentrations of the analyte to 
the area response for the multilevel standards.

Set NC384 Set NC406
Analyte r r
naphthalene 1.000 1.000
acenaphthylene 0.999 1.000
acenaphthene 0.999 1.000
fluorene 0.999 1.000
phenanthrene 0.999 1.000
fluoranthene 1.000 1.000
pyrene 0.999 1.000
benz[a]anthracene 0.999 1.000
chrysene 0.999 1.000
benzo[a]pyrene 1.000 0.999
indeno[l,2,3-cd]pyrene 0.999 1.000
dibenz[a,h]anthracene 0.999 1.000
benzo[ghi]perylene 0.999 1.000
d8-naphthalene 0.999 0.999
dlO-acenaphthene 0.999 1.000
dl2-benzo[a]pyrene 0.999 1.000
dl2-perylene 0.999 1.000
dlO-phenanthrene 0.999 1.000
dlO-biphenyl 0.999 1.000
d8-fluorene 0.999 1.000

Based on six concentration levels of standards.
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