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ABSTRACT: On April 27, 1985, an oil pipeline ruptured, releasing 
10,775 barrels (452,550 gallons) of a Southern Louisiana crude oil into 
Newton Lake, a 1,750-acre electric power plant cooling lake in Jasper 
County, Illinois. The oil, which flowed into the northern part of the 
6-mile eastern arm of the V-shaped lake, was restricted by booms to the 
upper third of the lake. A long-term environmental assessment program 
was immediately initiated and continued until October 1991. 

Shortly after the accident, offshore (benthic) lake sediments nearest 
the release site contained up to 5,000 \Lglg [ppm] total hydrocarbons. A 
steep gradient of decreasing hydrocarbon concentrations in sediments 
occurred with distance from the point where the oil entered the lake. By 
1989, concentrations of total hydrocarbons in offshore sediments were 
less than 50 \Lglg in all areas (zones) except in an area of the lake within 
1 mile of the release where isolated total hydrocarbons concentrations 
ranged from <50 μg/g to 430 \x.glg. Fingerprinting ofpoly cyclic aro-
matic hydrocarbon (PAH) assemblages six years after the spill revealed 
that traces of the spilled oil (<400 nglg total PAHs) remained only in this 
uppermost part of the lake. PAH assemblages from other sources than 
the spilled oil were identified in offshore lake sediments as the major 
contributing PAHs. Low concentrations of residual oil were found in 
subsurface sediments in the upper 0.4 mile of the lake. Diagenetic 
perylene was particularly abundant in sediments (up to 2,400 nglg) 
especially in the depositional (deepest) areas of the lake. Only trace 
amounts of a few PAHs (<50 nglg total PAHs), most from sources other 
than the released oil, were found in shoreline sediments in any part of the 
lake. Tissues offish collected in 1985 shortly after the spill and again in 
1991 did not contain detectable levels (<10 nglg dw) of released oil 
PAHs. 

On April 27, 1985, a crude oil pipeline owned by Marathon Pipe 
Line Company ruptured, releasing a total of 10,775 barrels (452,550 
gallons) of Southern Louisiana crude oil into Laws Creek near its 
confluence with Newton Lake, Jasper County, Illinois, a V-shaped 
1,750 acre freshwater impoundment created in 1975 to provide cooling 
water for the Newton Electric Power Station (Figure 1). The length of 
the lake is approximately 6 miles in both arms with maximum and 
average depths of 13 and 6 meters, respectively. Although its main 
purpose is to supply cooling water, the lake also supports a successful 
sport fishery. 

The released oil flowed into the northern part of the eastern arm of 
the lake. Most of the oil was retained in the northern part of the lake by 

1. Formerly with Authur D. Little, Inc., Cambridge, Massachusetts 
02140 

booms deployed shortly after the accident. However, as a result of high 
winds, some oil escaped the booms and drifted southward about 
4 miles in the eastern arm of the lake. The heaviest oiling was in the 
shallow waters and along the shores of the northern mile of the east 
arm. No oil was observed in the west arm of the lake. The cleanup 
effort extended from shortly after the accidental release until August 
1985. 

In the aftermath of the accident, several studies were initiated to 
assess short- and long-term injury to the biological resources of New-
ton Lake. The first studies were initiated nine days after the release and 
continued for about 1.5 years into the summer of 1986.3 These investi-
gations showed that water quality, sediment quality, and biological 
communities in the upper east arm of the lake may have been adversely 
affected by the oil. Because of these initial findings, follow-up monitor-
ing studies were conducted in 1989 through 1991 to examine the 
possible long-term environmental effects of and natural resource re-
covery from the pipeline accident. Studies in 1989 through 1991 were 
designed to characterize the status and patterns of recovery of several 
biotic and abiotic components of the lake ecosystem that included 
macrophyte communities, benthic invertebrate communities, and fish 
populations, and to provide information needed to evaluate potential 
ecological and human health risks due to petroleum hydrocarbon 
contamination of the lake.8101617 

This paper presents the results of the chemical characterization and 
fate of the released oil and an assessment of the long-term exposure of 
the residual oil to the lake resources with a focus on the 1989-1991 
monitoring program. Another paper in this volume presents the eco-
logical and human health assessments of the oil release.9 

To facilitate the study assessments, the lake was divided into zones, 
based on the apparent distribution of oil on the water surface, derived 
from the initial reconnaissance surveys and locations where booms 
were deployed (Figure 1). The five zones in the eastern arm corre-
sponded to degrees of initial oil exposure. Zone 1 was the area of 
heaviest oiling; zone 2, where the intake of the power plant is located, 
contained some oil sheen and heavy oiling in some coves; in zone 3, oil 
sheens were observed throughout much of the area; whereas in zone 4, 
oil sheen was observed only on the water in some portions of the zone. 
No oil was observed to reach Zone 5 or the western arm. 

Sampling 

To document the areas in the lake where sediments were still con-
taminated with petroleum hydrocarbons from the spill and to identify 
areas suitable for performance of the more intensive three-year biolog-
ical and chemical assessment program, a screening survey took place in 
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Figure 1. 1989-1991 Newton Lake Monitoring Program—zone demarcations and offshore and shore-
line sampling stations 

late March 1989 in zones 1 through 5 in Newton Lake. Surficial (0-5 
cm) sediment samples were collected with a Van Veen-type grab sam-
pler at 60 stations along 9 transects. Some of the transects were located 
in areas where booms had been deployed to contain the spilled oil in 
April-May 1985. Additional stations were located randomly through-
out most of the eastern arm of the lake in areas known to have been 
oiled in 1985 and areas out of the path of the spreading oil (reference 
stations). 

Based on hydrocarbon concentrations in these sediment samples, 
sampling stations and sites were selected for the offshore benthic 
invertebrate and shoreline macrophyte community studies101617 sum-
marized in Neff and Sauer.8 In the fall of 1989,1990, and 1991, surficial 
(0-5 cm) and subsurface (8-10 cm) sediment samples were collected at 
each of the offshore benthic invertebrate stations by a Van Veen-type 
grab sampler, and core sediment samples were collected at each of the 
shoreline macrophyte sites. [The locations of the offshore stations and 
shoreline sites are indicated in Figure 1. Sample identifications along 
the shoreline were different for the 1989 sampling and the 1990/1991 
sampling; the three digit number identifications in the figure corre-
spond to the 1990/1991 sites.] 

For use in the ecological and human health risk assessments, water 
samples were collected in 1989 during the sediment chemical charac-
terization survey. Also largemouth bass (Mkropterus salmoides), 

channel catfish (Ictalusus punctatus), and carp (Cyprinus carpio) were 
collected by Illinois Department of Conservation in 1991 for analysis.8 

Analysis 

Sediment samples collected during the 1989 screening survey were 
analyzed for total organic carbon (TOC) by EPA Method 415.1 and 
total hydrocarbons (THC) (that is, TPH) by EPA Method 418.1 (infra-
red analysis). Gas chromatography/flame ionization detection analysis 
(GC/FID) was also performed on selected samples to provide a 
fingerprint of the extractable components in the sediment, which was 
useful in identifying source(s) of hydrocarbons in samples. 

In the 1989-1991 environmental studies, an extended list of poly-
cyclic aromatic hydrocarbons (Table 1) that included the priority pollu-
tant hydrocarbons and alkyl homologues of the major aromatic and 
heterocyclic hydrocarbons (PAHs) were analyzed in released oil, other 
fossil fuel (coals), sediment, water, and fish tissue samples. Quantifica-
tion of these PAH assemblages is essential in determining the source(s) 
of hydrocarbons in the environment, the extent of weathering (evap-
oration, biodégradation) of the released oil over time, and the poten-
tial toxicity of the residual oil on the natural resources.14 
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Table 1. PAH and alkyl homologue PAH target compounds 

Compound identification 
and abbreviation! 

Compound identification 
and abbreviationi 

Naphthalene (N)2 
Ci-Naphthalenes (Nl) 
Q-Naphthalenes (N2) 
C3-Naphthalenes (N3) 
C4-Naphthalenes (N4) 
Acenaphthylene (ACY)2 
Acenaphthene (ACE)2 
Biphenyl (B) 
Fluorene (F)2 
Ci-Fluorenes (Fl) 
Q-Fluorenes (F2) 
Q-Fluorenes (F3) 
Dibenzothiophene (D) 
Ci-Dibenzothiophenes 

(Dl) 
Q-Dibenzothiophenes 

(D2, C2D) 
C3-Dibenzothiophenes 

(D3, C3D) 
Anthracene (A)2 
Phenanthrene (P)2 
Ci-Phenanthrenes/Anthracenes 

(PI) 
Q-Phenanthrenes/Anthracenes 

(P2, C2P) 
C3-Phenanthrenes/Anthracenes 

(P3, C3P) 
Q-Phenanthrenes/ Anthracenes 

(P4) 

Fluoranthene (FL)2 
Pyrene (P)2 
Ci-Pyrenes/Fluoranthenes (FP1) 
Q-Pyrenes/Fluoranthenes (FP2) 
C3-Pyrenes/Fluoranthenes (FP3) 
Benzo[a]anthracene (BAA)2 
Chrysene (C)2 
Ci-Chrysenes (Cl) 
Q-Chrysenes (C2) 
C3-Chrysenes (C3) 
Q-Chrysenes (C4) 
Benzo[b]fluoranthene (BBF)2 
Benzo[k]fluoranthene (BKF)2 
Benzo[a]pyrene (BAP)2 
Benzo[e]pyrene (BEP) 
Perylene (PER) 
Indeno[l,2,3-c,d]pyrene (IND)2 
Dibenz[a,h]anthracene (DAH)2 
Benzo[g,h,i]perylene (GHI)2 

1. Q , Q, C3, C4 refer to number of alkyl carbon substituents on 
the parent compound 
2. EPA Method 8270 PAH Compounds 

Methods of PAH analysis for all matrices involved gas chromatogra-
phy/mass spectrometry selective ion monitoring (GC/MS SIM) and are 
discussed in Neff and Sauer,8 but follow the procedures in Sauer and 
colleagues,13 which contain elements from the National Research 
Council,6 IOC,4 and Page and colleagues.12 Method detection limits for 
PAHs18 were 0.5 to 2.5 ng/mg for oil samples, 1 to 5 ng/g for sediment 
and tissue samples, and 5 to 10 ng/L for water samples. 

Results and discussion 

The major focus of this section is on the distribution and chemical 
characteristics of hydrocarbons in the lake environment. Hydrocarbon 
results for water and fish samples collected during the 1985/1986 and 
1989/1991 studies are discussed in the ecological and human health 
assessments in the companion paper.9 In summary, the few PAHs 
found in the water samples were several orders of magnitude lower in 
concentration than those that would cause acute or chronic effects in 
sensitive species of freshwater and marine organisms. None of the fish 
samples contained PAHs that could be attributed to the released oil. 

Released oil and other fossil fuels. The crude oil released following 
the rupture of the Marathon Pipe Line Company pipeline was charac-
terized as a Southern Louisiana sweet crude oil, with a density of 0.916 
(API gravity, 23), viscosity at 100° F of 28.89 est, a flash point in excess 
of 210° F, and total organic sulfur of 0.19 percent (w/w). Analysis of the 
released oil for the extended list of individual parent and alkyl PAHs 
(Table 1) showed that the oil contained a total of about 0.8 percent 
(8,000 μg/g) total targeted PAHs. The dominant PAHs in the weath-
ered oil were the naphthalenes and phenanthrenes/anthracenes, with 
the Q-alkyl homologues being the most abundant for each homolo-
gous series (Figure 2). Smaller amounts of fluorenes, dibenzo-
thiophenes, and chrysenes having the same bell-shaped distributions 
were also present. The weathered oil also contained about 6 μg/g 
benz[a]anthracene and 5 μg/g benzo[a]pyrene (known carcinogens) 
and 35 μg/g perylene (a nontoxic, primarily diagenetic PAH). 

From these PAH assemblages, certain groups of PAHs are 
commonly used in hydrocarbon source identification studies: Q- and 
C3-alkylated phenanthrenes/anthracenes (QP and C3P), Q- and C3-
alkylated dibenzothiophenes (QD and C3D), and Q- and C3-alkylated 
chrysenes (QC and C3C). These alkylated PAHs are generally source 
specific in that they are characteristic of the oil, and relatively resistant 
to weathering (show decreasing rate of biodιgradation and solubility 

1500 

O) 

ó) 
c 

o 
CO 

«·—» 
c ù 
o 
c 
o 
O 

/̂ "̂ v 
ù ó 
c 
re 
3 
o sz 

r-

1000 

500 l MFI i riM|l u 
Released Oil 

F I M I ' I M H I-I"I H M I M I I i-i-i'i i i 
N N2 N4 ACE F F2 A P1 P3 D D2 FL FP1 C C2 C4 BKF BAP IND GHI 

N1 N3 ACY B F1 F3 P P2 P4 D1 D3 PY BAA C1 C3 BBFBEPPERDAH 

Polycyclic Aromatic Hydrocarbons 
Figure 2. PAH alkyl homologue distribution of released oil 

D
ow

nloaded from
 http://m

eridian.allenpress.com
/iosc/article-pdf/1995/1/407/1746799/2169-3358-1995-1-407.pdf by guest on 23 M

ay 2023



410 1995 OIL SPILL CONFERENCE 

with increasing degree of alkylation and number of aromatic rings). 
With these groups of compounds, diagnostic ratios and parameters 
were formulated and graphed,12'13 such as double ratio plots (C2D/C2P 
versus C3D/C3P),2 which help to assess source identification character-
istics. 

The 4- through 6-ringed PAHs, some of which are mammalian 
carcinogens (for example, benzo[a]pyrene, benz[a]anthracene, and 
5-methyl chrysene), are generally not associated with (or are at trace 
levels in) crude oil, but are associated with pyrogenic processes. These 
compounds are readily formed from anthropogenic (fossil fuel burn-
ing) and natural (forest fires) combustion processes in the form of 
soot.7 

Offshore sediments 
Total hydrocarbons. The screening survey in 1989 involved sampling 

60 stations along the shoreline and deep lake bottom of zones 1 through 
5 of Newton Lake. Of the 40 sediment samples analyzed from zones 1 
and 2, only seven samples had total hydrocarbon concentrations above 
the reporting limits of the method (50 μg/g). None of the samples in 
zones 3,4, and 5 contained total hydrocarbon values above the report-
ing limits. The highest total hydrocarbon concentration was 430 μg/g; 
the other 6 elevated total hydrocarbon values were all in small isolated 
areas of zone 1 at concentrations of 50 to 180 μg/g. These THC 
concentrations compare to 200 to 5,000 μg/g oil and grease concentra-
tions in zone 1 in 1985.3 U.S. EPA Region V considers total hydrocar-
bon concentrations in the Great Lakes sediments of less than 1,000 
μg/g to be unpolluted. 

Nonstatistical examination of the TOC data indicated that TOC 
concentrations were generally higher in sediment in the middle 
(deeper parts) of the lake (1 to 2 weight percent) than in sediment near 
the shoreline (<1 weight percent). TOC content did not correlate with 
total hydrocarbon concentrations. The gas Chromatographie 
fingerprints of sediments from the deep water sample stations (espe-
cially zones 3, 4, and 5) were distinctively different than the 
fingerprints of the shallow, nearshore stations. The stations that exhib-
ited fingerprints with the largest unresolved complex mixture (UCM) 
were all in zone 1 which corresponded to elevated total hydrocarbon 
concentrations. 

PAH spatial and temporal trends. Concentrations of the individual 
PAHs in sediment samples collected in 1989,1990, and 1991 from the 
benthic stations are provided in Neff and Sauer.8 To assist in the 
discussion, total PAH without perylene concentrations are listed in 
Table 2. 

Concentrations of total PAHs in sediments from the zones closest to 
the spill origin (zones 1 and 2) in Newton Lake usually were higher than 
in sediments from zones further away, which were unaffected or only 
lightly affected by the spill (zones 4 and 5). The largest differences in 
total PAH concentrations in sediments between zones 1/2 and zones 
4/5 were in 1989, four years after the spill; the relative differences 
between zones 1/2 and zones 4/5 PAH concentrations decreased in 
each of the subsequent two years of the monitoring program. Perylene 
was not included in the total because it is a natural diagenetic PAH, 
derived primarily from sources other than the spilled petroleum. 

In 1989 and 1990, concentrations of total PAHs without perylene in 
surface sediments from zones 1 and 2 ranged from approximately 100 
to 400 ng/g, whereas in 1991, concentrations were no higher than 200 
ng/g. At some stations in zone 1 (Station 3C) PAH concentrations were 
higher in 1991 than 1989/1990 values suggesting that surficial sedi-
ments in northern Zone 1 were eroded between 1990 and 1991, expos-
ing more heavily contaminated subsurface sediments. Approximately 
10 to 30 percent of the total PAHs in these Zone 1 sediments could be 
attributed to residual petrogenic hydrocarbons. 

Subsurface sediments collected at some stations in zones 1 and 2 in 
1989, 1990, and 1991 contained concentrations of total PAHs five to 
ten times higher than those in surface sediments from the same sta-
tions. Stations with elevated PAH concentrations (500 to 2,000 ng/g) in 
subsurface sediments were grouped in zone 1 north of station 4B, the 
area of heaviest oiling following the spill. 

Except at station HE, concentrations of total PAHs in surficial 
sediments from stations in zones 3,4, and 5 were less than 200 ng/g in 
1989 and 1990. Total PAH concentrations above 100 ng/g in these zones 
were attributed to anomalous alkyl naphthalenes. In 1991, concentra-
tions of total PAHs in surficial sediments from zones 3 through 5 
ranged from 5 to 150 ng/g. Zone 5 concentrations were usually less than 
50 ng/g total PAHs. 

Although concentrations of total PAHs without perylene were 
roughly comparable in the deep and shallow sediments in Newton 

Table 2. Concentrations of total PAHs without perylene (ng/g) in 
offshore sediments four, five, and six years after the pipeline 

rupture 

Stations 
Zone 1 

ID 
2B 
2B subi 
3C 
3Csub 
4B 
4B sub 
6B 
6B sub 
6C 

Zone 2 
7B 
7C 
7D 
8E 
8E sub 
99A 
99B 
9B 

Zone 3 
11C 
HE 
HE sub 
12C 

Zone 4 
13B 

Zone 5 
14C 
15A 
15 A sub 

1989 

30 
160 
— 
100 
— 
190 
730 
150 
210 
200 

290 
230 
30 

— 
120 
40 

180 
70 

140 
220 
— 
— 

170 

30 
10 

— 

1990 

— 
310 

1700 
340 
— 
240 
— 
310 
— 
— 

240 
220 
— 
70 

— 
90 

150 
40 

160 
260 
— 

10 

120 

40 
50 

— 

1991 

— 
50 

550 
660 
160 
170 
370 
190 
— 
20 

20 
— 
10 
10 

— 
60 
20 

200 

120 
6 
3 

15 

80 

— 
5 
5 

1. Sub = subsurface 

Lake, the concentrations of perylene varied throughout the lake, com-
prising 20 to 90 percent of the total PAHs in offshore sediments. 
Concentrations ranged from 800 to 2,400 ng/g in the deeper parts of 
zones 3 through 5, and 50 to 600 ng/g in the shallow areas in all zones. 
Perylene subsurface concentrations, even in samples containing resid-
ual oil, were 500 to 1,000 ng/g oil. 

Although it was detected in the spilled oil (mean 35 μg/g), perylene 
is a naturally occurring PAH that is formed by the chemical transfor-
mation of certain biological precursors, possibly plant pigments, in 
lake sediments during early digenesis.5 Concentrations of perylene 
often increase with sediment depth, especially in anoxic sediments.15 

Perylene concentrations did not correlate with concentrations of TOC 
in sediments. Low oxygen concentrations in the deeper parts of the 
lake may have provided the right conditions for diagenetic formation of 
perylene.10 

For the three years of the study, mean normalized concentrations of 
total PAH in surficial sediments ranged from 10 to 46 μg total PAHs/g 
organic carbon at stations in zones 1 and 2, and 5 to 23 μg/g organic 
carbon at stations in zones 3,4, and 5. Three surficial sediment samples 
contained more than 100 μg/g organic carbon and one subsurface 
sediment sample from zone 1 contained 140 μg/g organic carbon, 
which were well below the sediment management standards for the 
State of Washington.19 

PAH source identification. As discussed above, there are several 
possible sources of PAH in the lake sediments, one of which is the 
spilled oil. PAH assemblages from different sources and even in crude 
and refined oils are distinctly different from one another and these 
differences can be used to identify the source(s) of PAH assemblages in 
environmental samples } ' u 

To establish the source(s) of PAHs in the offshore (and shoreline) 
sediments of the lake, the sediment PAH assemblages were compared 
to the PAH assemblage in the spilled oil (Figure 2). The spilled oil 
PAH assemblage served as the fingerprint for identifying the spilled oil 
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residue in lake sediments. Consideration was given to the effects of 
weathering processes (evaporation, dissolution, biodιgradation) on 
the spilled oil fingerprint and the influence of PAHs from other 
sources. 

PAH distributions in surface sediments. The compositions of the 
PAH assemblages in sediments from zone 1 were different from those 
in sediments in the reference zones in each year, corresponding to the 
rough gradients of decreasing concentrations of total PAHs without 
perylene in sediments from north to south in the eastern arm of 
Newton Lake (Table 2). Although the PAH assemblages were differ-
ent from zone to zone, they were consistent within zones from year to 
year, except in the third year when PAH assemblages in sediments 
from zones 1 and 2 approached those in sediments from the reference 
zones. 

Zone 1. Examples of the relative concentrations of parent and alkyl 
PAHs (the PAH fingerprint) found in most sediments from zones 1 and 
2 are shown for each year in Figure 3. Although total PAH concentra-
tions varied among stations, the PAH fingerprints were similar; the C3-
alkyl homologues usually were the most abundant. This characteristic 
of the PAH distribution and the presence of the dibenzothiophenes are 
diagnostic of weathered petroleum and the PAH profile resembles the 
PAH distribution in the spilled oil, except for the presence of relatively 
high concentrations of 4-, 5-, and 6-ringed PAHs (Figure 2). Diagnostic 
PAH alkyl homologue ratios, QD/QP and C3D/C3P, of many of the 
zone 1 surface samples clustered around those ratios for the released 
oil indicating that the sediments contained some released oil residue. 

In 1991, PAH concentrations decreased and the PAH fingerprint of 
sediments from zone 1 changed to resemble more closely that of 
sediments from the reference zones. This change probably was caused 
by a combination of degradative weathering, dilution of deposited lake 
sediments through resuspension events, and mixing of deposited sedi-
ments with newer sediment from runoff. 

The elevated concentrations (compared to the spilled oil) of the 4-
through 6-ringed PAHs in these sediments (Figure 3) indicated that 
other source(s) of hydrocarbons were contributing to the PAH distri-
bution in the sediments. PAH results of coal dust analysis indicated 
that coal was not the likely source.8 These higher molecular weight 
PAHs are produced in large amounts by pyrolysis of organic matter. 
Their presence in lake sediments probably is from deposition of air-
borne soot. 

Zones 2 and 3. PAH alkyl homologues were present in sediments 
from zone 2 and the northern part of zone 3 (Figure 4); however, much 
of the pattern for a fossil fuel signature was missing in Zone 1. Zones 2 
and 3 were the area of the lake in which the PAH distribution changed 

from the fossil fuel signature in sediments in zone 1 to the background 
signature of sediments from zones 4 and 5. In sediments from zones 2 
and 3, the concentrations of the PAH alkyl homologues were much 
lower than in sediments from zone 1, dibenzothiophenes were unde-
tected, and fluorenes were near background concentrations. Chrys-
enes and the 5- and 6-ringed PAHs were relatively more abundant in 
zones 2 and 3 sediments than in sediments from zone 1. The PAH 
fingerprint, particularly the absence of dibenzothiophenes, in these 
sediments indicated that the released oil was not the most important 
source of PAHs in the sediments. 

Zones 4 and 5. There was no resemblance between the PAH 
fingerprint in sediments from zones 4 and 5, represented by station 14C 
(Figure 5), and that of the spilled oil. Phenanthrene and some of the 
4- and 5-ring PAH were present at very low concentrations (<5 ng/g). 
The naphthalenes measured in the sediment samples were unexpected 
and probably originated from a source other than the spilled oil (such 
as outboard engine exhaust and cooling water or outboard motor oil 
and gasoline). Naphthalenes are the most volatile, soluble, and easily 
biodegradable PAHs and are readily lost during the initial stages of 
weathering of oil. 

PAH distributions in subsurface sediments. Sediment deposition, 
particularly in zone 1, could have buried some of the oil deposited on 
the bottom shortly after the spill in 1985. Subsurface sediments were 
collected during all three years to determine if this was the case. 

Subsurface (6-8 cm, 8-10 cm) sediments collected at stations 4B 
(1989) and 2B (1990) in zone 1 contained 740 ng/g and 1,700 ng/g total 
PAHs without perylene, respectively, more than three to seven times 
higher than PAH concentrations in any surficial sediment from zone 1. 
A comparison of the PAH distributions in surface and subsurface 
samples from station 2B (Figure 6) with the spilled oil (Figure 2), and 
diagnostic ratios, QD/C2P and C3D/C3P, indicated the probable pres-
ence of spilled oil in the subsurface sediments. Except for lower rela-
tive quantities of the naphthalenes (the more volatile components of 
the spilled oil), the PAH distributions in these subsurface sediment 
samples were similar to that of the spilled oil. 

In contrast, subsurface sediment samples also were collected in 1989 
from stations 6B and 8E near the boundary between zones 1 and 2 and 
contained 210 and 120 ng/g total PAH, respectively. In 1991, subsur-
face sediment samples collected at two reference stations, station HE 
in zone 3 and station 15A in zone 5, further delineated the extent of 
subsurface oil deposits in the lake with PAH concentrations at 2 and 6 
ng/g, respectively. In each of these cases, PAH distributions were 
similar to those of surface sediments from the same locations and 
different from that of the spilled oil. 

N N2 N4 ACE F F2 A P1 P3 D D2 FL FP1 C C2 C4 BKF BAP IND GHI 
N1 N3 ACY B F1 F3 P P2 P4 D1 D3 PY BAA C1 C3 BBFBEPPERDAH 

Polycyclic Aromatic Hydrocarbons 
Figure 3. Typical PAH alkyl homologue distribution for offshore surface sediments in zone 1 (1990) 
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40 

N N2 N4 ACE F F2 A P1 P3 D D2 FL FP1 C C2 C4 BKF BAP IND GHI 
N1 N3 ACY B F1 F3 P P2 P4 D1 D3 PY BAA C1 C3 BBFBEPPERDAH 

Polycyclic Aromatic Hydrocarbons 
Figure 4. Typical PAH alkyl homologue distribution for offshore surface sediments in 
zones 2 and 3 (1990) 

Shoreline sediments. Concentrations of the target PAH in sediments 
or soils from shoreline stations (areas intermittently inundated and 
exposed to the air) corresponding to the shoreline macrophyte stations 
are provided in Neff and Sauer.8 

Spatial and temporal trends in PAH concentrations. PAH concentra-
tions and homologue distributions in shoreline sediments were quite 
different from those in offshore sediments. Total PAH without per-
ylene concentrations in shoreline sediments were much lower than 
concentrations in offshore sediments. Except for a couple of stations, 

sediments from shoreline stations contained less than 50 ng/g total 
PAH. Station 113, which was located in a small cove in zone 2, had total 
PAHs of 100 to 740 ng/g. Stations 1.1 (1989) and 17 (1991) in zone 1 
were the only other stations to contain elevated total PAHs (<200 ng/g). 

PAH source identification. At almost all shoreline sites PAH distri-
butions did not resemble the PAH distributions from a petrogenic 
source. A typical PAH alkyl homologue distribution in surface and 
subsurface shoreline sediments for all three years is shown in Figure 7. 
Phenanthrenes were the only PAH compounds consistently present in 
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Figure 6. PAH alkyl homologue distributions for isolated offshore surface and subsurface sediments in 
upper part of zone 1 (1990) 

shoreline sediments; they were present at concentrations less than 10 
ng/g. (Naphthalene at the 5 ng/g level was associated with laboratory 
contamination). The other PAHs including the 4-, 5-, and 6-ringed 
PAHs were not present at concentrations above 1 ng/g. Perylene also 
was not detected in most shoreline sediments. The overall lack of 
petroleum PAHs in shoreline sediments indicated that most of the 
spilled oil that came ashore had been weathered away or washed away 
by 1989. 

Shoreline stations 1.1 (1989) and 17 (1991 only) in zone 1 contained 
small amounts of fossil fuel PAHs; however, because of the very low 
concentrations of the diagnostic PAHs,the PAH fingerprint was unre-
cognizable in identifying the source of the PAHs. Pyrogenic PAHs with 
molecular weights greater than that of fluoranthene were most abun-

dant. In both 1990 and 1991, sediments from station 113 in zone 2 (this 
cove was heavily oiled in 1985) contained elevated PAHs resembling 
that of a fossil fuel. 

Conclusions 

The weathered oil from an accidental release of nearly half a million 
gallons of crude oil, which initially caused variable amounts of oil 
contamination in the upper three to four miles of the eastern arm of the 
1,750-acre cooling lake, was found six years later only in sediments in 
isolated areas of the lake nearest to the spill site and only at relatively 
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Figure 7. Typical PAH alkyl homologue distribution for shoreline surface and subsurface sediments in 
zones 1 through 5 (1990) 

D
ow

nloaded from
 http://m

eridian.allenpress.com
/iosc/article-pdf/1995/1/407/1746799/2169-3358-1995-1-407.pdf by guest on 23 M

ay 2023



414 1995 OIL SPILL CONFERENCE 

low concentrations. The concentrations of PAHs, the most toxic frac-
tion of the spilled oil, in sediments, fish, and water from areas most 
heavily affected by the release were orders of magnitude below crite-
rion concentrations (discussed by Neff and colleagues9). In fact, PAH 
concentrations even in the most heavily oiled northern part of zone 1, 
were at or below concentrations of PAH measured by others in sedi-
ments from remote, pristine lakes in the United States and Canada. 

Some of the distinguishing features of the chemical characterization 
six years after the release follow. 

• Concentrations of PAHs in benthic sediments were elevated in 
zones 1 and 2 surface sediments (<100 to 400 ng/g total PAH 
without perylene) compared to zone 5, reference zone, sediments 
(<50 ng/g total PAH), and decreased over the three years of the 
study. 

• The distribution of PAHs in benthic zone 1 sediments reflected a 
combination of a relatively small amount (10 to 30 percent of total 
PAHs) of highly weathered spill oil and larger amounts of py-
rogenic (natural or anthropogenic) and biogenic/diagenetic 
PAHs. Weathering of the residual oil had proceeded to such an 
extent that the C3-alkyl homologues predominated in the sedi-
ment instead of the Q-alkyl homologues that were most abundant 
in the released oil. The petrogenic signature diminished quickly in 
the other zones, and was not evident in the reference zones. 

• Residual oil hydrocarbons (<1.7 ìg/g total PAHs) were found 
buried 8 to 10 cm deep in the sediment in isolated areas of the 
upper 0.4 mile of zone 1. The residual oil was less weathered in the 
subsurface sediment than that in the surface sediments. 

• Except for two sites in zone 2, only traces of a few PAHs from 
nonpetrogenic sources at concentrations less than 50 ìg/g total 
PAHs were found in shoreline sediments throughout the lake. 
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