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ABSTRACT: Long-term ecological studies were initiated shortly after 
an April 1985 release of 452,550 gallons of a Southern Louisiana crude 
oil into a 1750-acre electric power plant cooling lake. Aquatic plants 
(macrophytes) in the most heavily oiled region of the lake were coated 
with oil and most had died by late summer 1986. Macrophytes from 
lightly oiled areas of the lake had nearly recovered by late summer 1986. 
Macrophytes in other parts of the lake were completely unaffected by the 
release of oil. A year after the release, diversity and abundance of 
bottom-living animals decreased in the most heavily oiled parts of the 
lake and previously dominant insect larvae were replaced by opportunis-
tic oligochaetes. Complete recovery of the most severely affected benthic 
communities required four years in the deep parts of the lake and five 
years in shallow areas. There was a small kill of fish (**200 fish) 
immediately after the release and a small decrease in the abundance of 
preferred recreational fish species (largemouth bass and white crappie) 
during the summer after the release. However, between 1986 and 1991, 
abundance of recreational fish in the lake was comparable to that before 
the accident. Fish did not accumulate sufficient PAH in edible tissues to 
pose a health risk to human consumers. 

On April 27,1985, approximately 453,000 gallons of Southern Loui-
siana crude oil escaped from a broken pipeline and flowed into the 
northeastern arm of Newton Lake, a 1750-acre artificial cooling lake 
for two coal-fired electric power generating plants operated by Central 
Illinois Public Service Company (Figure 1). Four floating oil booms 
were immediately put in place in the northernmost part of the eastern 
arm of the lake to retain the oil and prevent it from entering the lower 
parts of the lake. High winds and heavy rain shortly after the spill 
caused the booms to fail and some of the oil spread into other parts of 
the eastern arm of Newton Lake. The cleanup continued for about four 
months until August 1985. 

The extent of oiling of aquatic habitat decreased from north to south 
in the eastern arm of Newton Lake. Approximately one mile of the 
northernmost part of the lake, north of the third oil boom (Zone 1), 
was the most heavily oiled.15 Shortly after the release, oil was present 
on the water surface north of booms 1 and 2 at thicknesses up to 14 
inches. Many coves along the shores of the upper two miles of the lake 
also were heavily oiled (Zones 1 and 2). Oil sheens were observed 
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throughout the area just north of boom 4 (Zone 3). Only occasional 
small sheens were observed just south of boom 4 (Zone 4) and no oil 
was observed in Zone 5 in the southernmost region of the eastern arm 
of the lake or in any portions of the western arm of the lake (Zones 6 
through 8). Thus, approximately 10 percent of Newton Lake (most of 
Zone 1 and coves in Zone 2) was heavily oiled by the spill; about 35 
percent of the lake received some oil, leaving about 65 percent com-
pletely unoiled. 

In the week after the spill, the water column of Zones 1 and 2 
contained slightly elevated concentrations of petroleum, measured as 
"total oil and grease," derived in part from the spilled oil.15 By 1989, 
only traces (subparts per billion concentrations) of naphthalenes were 
detected in samples of the water column of Zone 1 and these traces 
were probably laboratory analytical artifacts. No higher molecular 
weight polycyclic aromatic hydrocarbons (PAHs) were detected in the 
water samples. 

In 1985 and 1986, sediments from Zones 1 and 2 in the lake con-
tained elevated concentrations of total oil and grease and priority 
pollutant PAHs, derived in part from the spilled oil. In 1989 through 
1991, sediments from Zones 1 and 2 still contained low concentrations 
of PAHs, generally less than 1 ppm. No petroleum hydrocarbons from 
the spilled oil were detected in sediments from south of Zones 1 and 2; 
these sediments contained only traces of PAHs from sources other 
than the spilled oil. 

As part of the environmental assessment of the Newton Lake oil 
spill, studies were performed on the effects of the accidental release on 
aquatic plants (macrophytes), bottom-living invertebrates (benthic 
fauna), and recreationally important finfish. The results of these bio-
logical studies were integrated with the results of the chemical monitor-
ing studies reported by Sauer, Neff, and Reitsema,15 to assess potential 
injury from the oil on the Newton Lake ecosystem and on human 
consumers of fish from the lake. 

Materials and methods 

Assessments of injuries to the Newton Lake ecosystem were initi-
ated on May 6,1985, nine days after the spill, and continued intermit-
tently through early August 1991. Methods used to perform the field 
surveys and analyze water, sediments, and fish tissues for petroleum 
hydrocarbons are described in the companion paper to this one.15 

Aquatic macrophytes. During June through August 1985 and 1986, 
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ZONE 6 

Figure 1. Newton Lake, Jasper County, Illinois, showing zone desig-
nations established in the lake after the spill to aid in the environmental 
assessment—Zones 1 and 2 were heavily to moderately oiled; Zones 
3 to 5 were lightly oiled or unoiled and served as reference locations; 
Zones 6 to 8 were completely unoiled. 

nine macrophyte beds were sampled quantitatively for plant species 
composition, density, condition of plants, and size of bed. The sampled 
macrophyte beds included one each in Zones 1,3, and 7 and two each 
in Zones 2, 4, and 5. In addition, macrophyte beds were surveyed 
qualitatively throughout the lake during field surveys for other pur-
poses. 

The 1985-1986 macrophyte and benthic fauna assessments showed 
that Zones 1 and 2 were the most affected by the oil spill; Zones 3 to 5 
were relatively unaffected, with effects decreasing from Zone 3 to 
Zone 5; Zones 6 to 8 were completely unaffected by the spill. There-
fore, the focus of the 1989-1991 macrophyte and benthic fauna studies 
was on Zones 1 through 5, with Zones 1 and 2 considered oil-affected 
zones and with Zones 4 and 5 serving as unoiled reference zones. 

During the growing seasons of 1989,1990, and 1991, the abundance, 
distribution, and species composition of submersed and emersed mac-
rophyte communities in Newton Lake were characterized by standing-
crop biomass estimates, low-altitude aerial photo surveys, and ground-
truth surveys. Twelve macrophyte sampling stations were selected in 
1989, based on the presence of macrophyte communities; most stations 
were in Zones 1 and 4, with some stations in Zones 2 and 3. Stations 
were sampled every other month between April and October 1989. 

In 1990 and 1991,18 stations were selected randomly for sampling of 
macrophyte communities. Eight stations were located in Zones 1 and 2 
(the oil-impacted area) and ten were located in Zone 4 (the reference 
area). Stations corresponded to those used for sediment sampling for 
chemical analysis. Equal numbers of vegetated and nonvegetated sta-
tions were located in each zone. Sampling stations also were stratified 
with respect to slope, water depth, exposure, and sediment type. 
Sampling was performed in May, June, July, August, and October of 
1990 and 1991. Because of the different sampling strategy and locations 
in 1989 and 1990/1991, it is not possible to make direct comparisons 
between results for 1989 and 1990/1991. 

Benthic fauna. Benthic invertebrates were collected along the same 
transects as those used for sediment sampling. In June and October 
1985 and May 1986, benthic infaunal samples were collected at five 
stations, with three replicates at each station, along each transect. 

Three replicate samples of surficial sediments for enumeration of 
benthic fauna were collected from each of 20 stations in Newton Lake 
in May and October 1989,1990, and 1991. There were six stations in 
Zone 1, eight in Zone 2, three in Zone 3, one in Zone 4, and two 
in Zone 5. The stations were subdivided into deep (> 3 m) and shallow 
(< 3 m) categories for statistical analysis. 

All intact invertebrates were identified to the lowest taxon possible, 
usually genus and occasionally species. The identity and abundance of 
each taxon was recorded for each sample. Benthic community charac-
teristics were determined statistically and compared among treat-
ments. 

Vertical profiles of water temperature and dissolved oxygen con-
centration were measured at each station and sampling time. The 
temperature/oxygen data were used to explain some of the variability 
in benthic community structure. 

Fish. At weekly intervals between May 7 and the end of June 1985, 
ichthyoplankton (larval fish) were collected with plankton nets at 
nearshore and offshore locations at nine stations in Newton Lake, two 
stations each in Zones 1, 2, 4, and 5, and one station each in Zones 3 
and 7. 

Once a month between May and October 1985, as well as in May 
1986, electrofishing was performed in shallow nearshore waters and 
coves in each of the eight zones to collect juvenile and adult fish. The 
relative abundance, size class distribution, and recruitment of each 
species was recorded for all zones. Data from electrofishing surveys 
performed by Central Illinois Public Service Company4'5 and creel 
surveys14 were used to estimate long-term trends in fish abundance in 
the lake. 

Samples of fish for analysis of priority pollutant PAHs and chlori-
nated hydrocarbons were collected in May and October 1985 and May 
1986. Fillets of largemouth bass (Micropterus salmoides) and white 
crappie (Pomoxis annularis), as well as fillets and whole fish specimens 
of channel catfish {Ictalurus punctatus), were analyzed. 

In the fall of 1991, samples of largemouth bass, channel catfish, and 
carp (Cyprinus carpio), were obtained from the eastern arm of the 
lake. They were filleted and the fillets were analyzed for individual and 
total PAH by the analytical methods described.15 

Results and discussion 

Aquatic macrophytes. Aquatic and bog or shoreline vascular plants 
(macrophytes) are extremely important to the ecology of small lakes, 
such as Newton Lake.3 They, or their detritus, provide an important 
source of nutrition to herbivorous invertebrates, fish, and birds; they 
aid in reoxygenation and pH control (by removing C02) of lake waters; 
and they provide important habitat and spawning areas for many 
species of aquatic animals, including juveniles of recreationally impor-
tant fishes and their preferred prey. 

In the month after the oil spill, nearly all macrophytes in Zone 1, and 
some in Zones 2 and 3, were covered with oil.7 The leaves of coated 
macrophytes were in poor condition. The condition of the macrophyte 
communities in Zone 1 declined and that of communities in Zones 2 
and 3 improved through the summer and fall of 1985. 

By August 1986, there were a few small clumps of cattails (Typha 
latifolia) along the shore and a few patches of water primroses (Lud-
wigia peploides) in submerged areas of Zone 1. The macrophyte com-
munity of Zone 1 was severely injured by the spill and had shown only 
slight recovery by August 1986. 

In Zones 2 and 3, which were only lightly oiled, macrophytes had 
recovered from the slight injury sustained by the end of 1985. During 
the summer of 1986, macrophyte communities were healthy in Zones 2 
and 3 and in all the areas unaffected by the oil spill. Effects of the oil 
spill on macrophyte communities outside Zone 1 were minimal and of 
short duration. 

Between 1986 and 1991, a dramatic decline in the abundance of 
aquatic macrophytes took place throughout Newton Lake. The de-
clines in standing crops of submersed and most emersed macrophytes 
were not restricted to areas of the lake affected by the 1985 oil spill. 
Therefore, it is highly likely that the declines were not caused by the oil 
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spill itself. Unusual weather conditions in 1990 and 1991 may have 
contributed to the decline. Between 1988 and 1991, because of varia-
tions in rainfall, lake levels varied by more than 3 feet above and below 
normal pool level. The large fluctuations in streamflow and associated 
changes in suspended sediment loads and lake level may have contrib-
uted to the declines in macrophyte communities in Newton Lake. 
Another factor that could have contributed to the declines is runoff of 
herbicides from the surrounding agricultural watershed, which has 
caused declines in macrophyte communities in other Illinois lakes.13 

Benthic fauna. Benthic invertebrates are an important component 
of the food chain of lakes, including Newton Lake. They play an 
important role in converting fresh and detrital plant matter to animal 
biomass that is used as food by several species of other invertebrates 
and fish. 

In the year after the spill, the benthic community of Zones 1 and 2 
(affected by the spill) was different from that of similar shallow-water 
habitats in Zone 5 (unaffected). Although the total abundances of 
individuals of benthic fauna were similar in the three zones, species 
composition of the benthic community in Zones 1 and 2 was different 
from that in Zone 5. The benthic fauna of Zone 1, particularly along a 
transect in a heavily oiled area, were dominated by opportunistic 
oligochaetes and nematodes. In less affected areas of Zone 1 and 2, 
chironomids also were common. The dominant benthic fauna in Zone 
5 were chironomids, followed by oligochaetes. Other insects also were 
abundant in Zone 5. Crustacea and molluscs were almost absent from 
Zone 1 but were common at several stations in Zone 5. Overall species 
diversity was higher in Zone 5 than in heavily and lightly oiled areas of 
Zone 1. At most stations in Zone 1, only a slight increase in diversity 
index occurred between June 1985 and May 1986. The abundance of 
nearly all species—particularly chironomids, other insects, crusta-
ceans, and molluscs—in sediments of Zone 2 was substantially lower in 
the year after the spill than before the spill. 

In 1989 through 1991, benthic communities from water depths 
greater than about 10 feet were no different in oiled and unoiled zones 
of the lake. The deeper-water communities had low diversity and 
abundance throughout the lake, probably because of seasonal epi-
sodes of hypoxic bottom water associated with summer stratification of 
the water column of the lake. There is no evidence that the oil either 
directly or indirectly (through stimulating microbial depletion of oxy-
gen concentrations in sediments and bottom waters)16 contributed to 
the condition of the benthic community of deeper portions of the lake. 

In shallower waters, benthic communities of Zones 1 and 2 were still 
dominated by opportunistic populations of oligochaetes in 1989. How-
ever, between 1989 and 1991, the condition of the benthic communities 
in shallow areas of zones affected by the spill improved substantially 
and came to resemble closely the benthic communities of shallow areas 
of the lake not affected by the oil spill. Shallow-water benthic commu-
nities of unoiled parts of the lake were diverse and contained large 
numbers of insects and crustaceans. 

In 1989, but not in subsequent years, a negative correlation existed 
between concentrations of low molecular weight (petroleum-derived) 
PAHs in sediments and species richness and diversity in Zone 1 and 2, 
indicating that the oil was affecting shallow-water benthic communities 
in the northernmost region of the lake. In 1990 and 1991, there was no 
correlation between PAHs in sediment and benthic community param-
eters; and benthic communities in shallow waters of oiled and unoiled 
regions of the lake were similar. 

These studies show that the shallow-water benthic communities of 
some parts of the northern 2 miles of the eastern arm of the lake were 
adversely affected by the oil spill. Recovery required approximately 
five years. 

Fish. Fish are an important component of the Newton Lake biologi-
cal community. Several species, particularly largemouth bass, white 
crappie, and channel catfish, are important to the local recreational 
sport fishery. Before the spill, the lake provided one of the highest 
catches per unit effort, particularly for largemouth bass, of all lakes in 
central Illinois. 

Eight species of fish were identified in ichthyoplankton samples 
collected from Newton Lake in May and June 1985. These species 
included gizzard shad, sunfish, crappie, largemouth bass, carp, long-
perch, golden shiners, and unidentifiable cyprinids (minnows). The 
abundance and diversity of ichthyoplankton was higher in shallow 
littoral areas than in offshore pelagic areas of the lake. Total ich-
thyoplankton abundance in the littoral areas was comparable in Zones 
1 and 2 (oiled) and in Zones 3, 4, 5, and 7 (unoiled) at all sampling 
times. 

Juvenile largemouth bass and white crappie also were present in 
nearshore areas of the lake in the spring of 1985 shortly after the oil 
spill. Numerous schools of young-of-the-year largemouth bass were 
observed in early May 1985 in areas of the lake not directly affected by 
the spill. 

There was no evidence that the abundance of any species of larval or 
juvenile fish was lower, or that any species expected to be present was 
absent, in the eastern arm of the lake as a result of the oil spill. 
However, it is probable that some larval and juvenile fish were killed by 
the spilled oil, particularly in Zones 1 and 2 where oiling was heaviest. 

Initial effects of the spill on submersed macrophyte beds, partic-
ularly in Zones 1 and 2, probably reduced the amount of prime 
nearshore spawning and nursery habitat available in the eastern arm of 
the lake during the spring and summer of 1985, and possibly into 1986 
and beyond. Thus, the spill may have adversely affected fish recruit-
ment to the lake indirectly by degradation of suitable spawning and 
nursery habitat, and by decreasing the abundance of benthic macro-
faunal foods available for fish in part of the lake. 

Immediately after the spill, some 200 dead fish were observed in the 
spill area, apparently killed by the crude oil.7 However, no quantitative 
survey of dead fish was undertaken, so it is not possible to estimate the 
magnitude or areal extent of the fish kill. 

Largemouth bass, the most sought-after sports fishery species, has 
been studied extensively in Newton Lake. Total largemouth bass col-
lected in annual surveys of the lake ranged from 387 fish/hour in 1984 to 
522 fish/hour in 1981. Recruitment of juvenile bass has been good 
every year since 1980 when the sport fishery of the lake was initiated. 
The year of the spill, 1985, was one of the better years in the last decade 
for recruitment of juvenile largemouth bass. 

The white crappie population of Newton Lake has been more vari-
able than that of largemouth bass. There was a large decline in the 
electrofishing catch rate for white crappie between fall 1987 (3.2 fish/ 
hour) and spring 1988 (0.5 fish/hour). Between the fall of 1985 and the 
spring of 1989, white crappie populations have also been assessed with 
trapnets. During this period, the abundance of crappie reached a high 
of 18.0 fish/net night in the spring of 1986 to a low of 0.6 fish/net night in 
1988. By the spring of 1989, the population had rebounded to a level of 
2.6 fish/net night. 

The decline of the white crappie population was not unique to 
Newton Lake. Similar declines were observed in Lake Shelbyville and 
Lake Carlyle. These declines are unexplained. Crappie populations 
typically show large interannual variations, and declines are frequent 
after recruitment of very large year classes. Low spring rainfalls and 
low lake levels, as well as excessive catches by anglers, may have 
contributed to the declines. The timing of the decline precludes any 
role for the 1985 oil spill. 

Multiyear fisheries data show that Newton Lake supports a diverse 
and productive fishery. Minor declines in the abundance of some 
species in 1985, possibly due in part to direct and indirect effects of the 
oil spill, were short-lived and localized. The recreational fisheries of 
Newton Lake have been at least as productive in the last three years of 
the 1980s as they were before 1985. 

Relationship between observed oil concentrations and potential in-
jury to biological resources of Newton Lake. The only reliable analyses 
of concentrations of specific petroleum hydrocarbons in the water 
column of Newton Lake were those performed on water samples 
collected in the spring of 1989, four years after the spill. Concentra-
tions of total PAHs in the water column of Zones 1 through 3 in 1989 
were in the range of nondetectable (less than 0.004 ppb) to 0.14 ppb. 
The only PAHs present were naphthalene and its alkyl homologues. It 
is probable that in the first few weeks after the spill, when floating oil 
was boomed in Zone 1, concentrations of dissolved and dispersed 
petroleum in the water column of the northern part of the eastern arm 
of the lake were much higher. 

The acute toxicity (median lethal concentration after 24 to 96 hr) of 
naphthalene and alkylnaphthalenes to freshwater and marine plants 
and animals is in the range of 8 to 19,230 ppb.1'91112 Thus, concentra-
tions of PAH in the water column shortly after the spill may have been 
lower than concentrations that are toxic to aquatic organisms; by 1989, 
concentrations were orders of magnitude below toxic concentrations. 

Sediments collected throughout the eastern arm of Newton Lake, in 
1985-1986 and 1989-1991, contained measurable concentrations of 
total oil and grease and PAHs.15 Some of the material analyzed as total 
oil and grease, particularly in 1985-1986, probably was spilled oil: 
concentrations in sediments of Newton Lake ranged from 86 to 5150 
ppm. In most cases, highest concentrations were in sediments from 
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Zones 1 and 2. In 1989, concentrations of total oil and grease in 
sediments from Zones 1 and 2 (measured by a more specific method) 
were in the range of less than 50 ppm to 430 ppm. 

Because both nontoxic (for example, paraffins and biogenic organic 
matter) and potentially toxic chemicals (such as aromatic hydrocar-
bons) are included in total oil and grease, it is difficult to estimate a 
concentration in sediments that could be considered nontoxic to 
aquatic organisms. Giesy and Hoke8 cite examples of guidelines and 
criteria for oil and grease in freshwater sediments. Sediments usually 
are considered unpolluted if they contain less than 1000 ppm total oil 
and grease; sediments containing 1000 to 2400 ppb total oil and grease 
often are classified as moderately polluted. Based on these guidelines, 
only a few sediment samples collected from Zones 1 and 2 of Newton 
Lake in 1985, shortly after the oil spill, would be considered potentially 
hazardous to aquatic organisms. By 1989, all sediment samples were 
unpolluted, as determined by levels of total oil and grease. 

Most of the ecological risk associated with oiled sediments is due to 
the toxic, persistent PAHs.11 In 1985, sediments from Zone 1 con-
tained up to 17.7 ppm total priority pollutant PAH, with most samples 
containing less than 1 ppm. Other zones of the lake contained much 
lower concentrations of total PAH. Most of the PAHs in sediments 
from Zone 1 were from the spilled oil; PAHs in sediments from other 
zones were primarily of pyrogenic origin. In 1989-1991, sediments and 
shoreline soils from Zones 1 through 5 of the lake contained 0.001 ppb 
to 2.5 ppm total PAHs. 

Concentrations in sediments of individual PAHs for which interim 
sediment quality criteria are available were in the range of 0.14 to 110 
ppb. All concentrations of individual and total PAHs in sediments 
collected between 1989 and 1991 in the eastern arm of Newton Lake, 
were below available interim sediment quality criteria values (Table 1) 
developed by the National Oceanic and Atmospheric Administra-
tion.10 In most cases the highest concentration was less than half the 
most conservative criterion value. Even the highest concentration of 
total PAH measured in sediments of Zone 1 in 1985 shortly after the 
spill was lower than two of the three criterion values listed in Table 1. 
Thus, offshore sediments in Newton Lake, even in areas severely 
affected by the 1985 oil spill, did not contain toxic concentrations of 
individual or total PAH derived from the spilled oil or from other 
sources. 

Human health risks. Because large numbers of fish from Newton 
Lake are caught and consumed by sport fishermen, there is potential 
risk that consumers of fish from the lake may suffer adverse effects 
from eating oil-contaminated fish. This concern can be addressed by 
analyzing empirical data and evaluating the potential offish to accumu-
late toxic PAHs in their edible tissues to concentrations that might be 
toxic to human consumers of fishery products. 

The edible fillets and samples of whole fish collected from Newton 
Lake in 1985,1986, and 1991 contained only traces of PAHs. However, 
the standard analytical methods for priority pollutant PAHs used to 
analyze these samples were not particularly sensitive. 

Extremely sensitive and specific analytical techniques were used to 
analyze fish tissues collected in 1991.15 In these samples, concentra-
tions of individual and total PAH always were well below 0.1 ppm. In 
fact the highest concentration of total PAH was 0.071 ppm for a sample 
of channel catfish collected from Zone 1. All PAH identified in the fish 
tissues were low molecular weight, noncarcinogenic PAH, such as 
naphthalene and alkyl naphthalenes. Concentrations of low molecular 
weight PAH were an order of magnitude or more below concentrations 
considered by the U.S. Food and Drug Administration to cause objec-
tionable odors and taste (about 1 ppm). Concentrations of naphthalene 
and alkylnaphthalenes that have been shown to cause toxic effects in 
mammals, including man, when administered orally,2 are several or-
ders of magnitude higher than concentrations measured in the edible 
tissues of fish from Newton Lake. The lowest concentration reported to 
produce harmful sublethal effects in mammals is about 40 ppm. The 
highest concentration of naphthalene and alkylnaphthalenes com-
bined in edible tissues of fish from Newton Lake, sampled in 1991, was 
0.07 ppm, nearly four orders of magnitude lower than the effects 
concentration. 

The U. S. Food and Drug Administration17 guideline for high mo-
lecular weight, potentially carcinogenic PAH in foods is 0.05 ppm (no 
high molecular weight PAH were detected in any fish tissues from 
Newton Lake). The analytical detection limit of the analytical method 
used in 1991 is at least an order of magnitude lower than this guideline 
for high molecular weight PAH; therefore, concentrations of poten-
tially carcinogenic PAH in edible tissues of fish from Newton Lake 
were at least an order of magnitude lower than the potentially harmful 
concentrations. 

The State of Illinois has established a sediment quality objective for 
total PAH, based on potential for fish to accumulate PAH from water 
in equilibrium with contaminated sediments. The sediment objective 
for total PAH is based on the ambient water quality criterion for 
benzo[a]pyrene (human health from consumption of fish and drinking 
water) and an estimated sediment organic carbon/water partition coef-
ficient (Koc) for benzo[a]pyrene. The formula for calculating the sedi-
ment objective is as follows: 

Sediment objective = ambient water quality criterion x K^ x 
fraction TOC in sediment 

Where: the ambient water quality criterion is 0.0311 μg/L 
the estimated K^ for benzo[a]pyrene is set at 5,500,000 

Table 1. Concentration rangest of individual and total PAH in bottom sediments and shoreline soils of 
the eastern arm of the Newton Lake in 1989, 1990, and 1991 in comparison to interim sediment 

quality criteria10 

Compound 
Naphthalene 
Methylnaphthalene 
Phenanthrene 
Fluorene 
Fluoranthene 
Pyrene 
Benz(a) anthracene 
Chrysene 
Benzo(a)pyrene 
Dibenz(a,h)anthracene 
Total PAH 

Concentration 
range in 

sediment/soils2 

1.1-110 
0.46-37 
0.28-18 
0.26-18 
0.20-24 
0.22-18 
0.23-9.4 
0.20-16 
0.14-14 
0.20-2.8 
1.34-2476 

ER-L3 

340 
65 

225 
35 

600 
350 
230 
400 
400 
60 

4,000 

ER-M4 

2,100 
670 

1,380 
640 

3,600 
2,200 
1,600 
2,800 
2,500 

260 
35,000 

AET5 

500 
300 
260 
350 

1,000 
1,000 

550 
900 
700 
100 

22,000 
1. All concentrations in ng/g dry weight (ppb) 
2. Many samples contained concentrations below the quantification limit of the analytical technique; 
lowest measured concentration gives an indication of the limit for the technique 
3. Effects range, low concentration 
4. Effects range—median concentration 
5. Overall apparent effects threshold concentration 
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Table 2. Mean concentrations of total PAH and benzo(a)pyrene in sediments of Newton Lake 
normalized to organic carbon concentration! in sediments, compared to the Illinois sediment objective 

for total PAH. 

Year 

º989 
1990 
1991 
1989 
1990 
1991 
1989 
1990 
1991 
1989 
1990 
1991 
1989 
1990 
1991 

Samples 
(number) 

12 
9 

18 
9 
9 
7 
5 
6 
6 
1 
2 
1 
2 
2 
3 

TOC 
(g/g) 

0.015 
0.015 
0.012 
0.009 
0.009 
0.005 
0.010 
0.009 
0.008 
0.019 
0.013 
0.018 
0.010 
0.009 
0.010 

PAH 

ÖÖÖ3 
0.006 
0.004 
0.001 
0.002 
0.00005 
0.0007 
0.0010 
0.0008 
0.003 
0.002 
0.001 
0.0003 
0.0003 
0.002 

Benzo(a)pyrene 

0.00005 
0.00008 
0.00003 
0.00004 
0.00001 

— 
0.000004 
0.00005 

— 
0.00006 
0.00007 

— 
— 

0.00003 
— 

Illinois 
sediment 
objective2 

i l 
2.5 
2.1 
1.5 
1.5 
0.86 
1.7 
1.5 
1.4 
3.2 
2.2 
3.1 
1.7 
1.5 
1.7 

1. Concentrations in μg PAH/g organic carbon (ppm) 
2. Sediment objective = ambient water quality criterion for fish consumption x K^ 
(benzo[a]pyrene) x fraction organic carbon in sediment 

TOC is the measured value for the sediment under consid-
eration, expressed as the fraction of the sediment mass ac-
counted for by organic matter. 

This formula was used to calculate sediment objectives for the 
concentration of total PAH in sediments collected from Newton Lake 
in 1989,1990, and 1991. These sediment objectives were compared to 
actual concentrations of total PAH and benzo[a]pyrene in the sedi-
ment. In all cases, measured concentrations of total PAH were at least 
three orders of magnitude lower than the sediment objective concen-
trations (Table 2). Measured concentrations of benzo[a]pyrene were 
always more than four orders of magnitude below sediment objectives. 
These results indicate that concentrations of total PAH and partic-
ularly potentially carcinogenic PAH, such as benzo[a]pyrene, in sedi-
ments of Newton Lake are well below those that might pose a hazard to 
human consumers of fish from the lake. 

The fish from Newton Lake contain very low concentrations of 
individual or total PAH. A market-basket survey in Great Britain 
showed that fish fillets bought from the store contain an average of 
about 0.003 ppm total high molecular weight, priority pollutant PAH.6 

Following the Exxon Valdez oil spill, a survey was performed of the 
concentrations of low and high molecular weight PAH in the tissues of 
fish, invertebrates, and marine mammals used for food by subsistence 
fishermen.18 Fish from unoiled reference sites contained 0.0004 to 
0.005 ppm total low molecular weight PAH and nondetectable to 
0.0001 ppm total high molecular weight PAH. Fish from locations 
contaminated with the spilled crude oil, diesel fuel, or creosote con-
tained up to 0.11 ppm low molecular weight PAH and 0.012 ppm total 
high molecular weight PAH. Thus, the concentrations of low molecular 
weight PAH (up to 0.07 ppm) and high molecular weight PAH (all 
below 0.0001 ppm) in fish fillets from Newton Lake are below concen-
trations in tissues of fish from elsewhere. The fish from Newton Lake 
are extremely clean, with respect to residues of PAH in edible tissues, 
and pose no hazard to human consumers. 
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