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Abstract Aquatic organisms encounter a number of
contaminants in their environments. Here, we report
polycyclic aromatic hydrocarbon (PAH) concentrations
detected in diamondback terrapin eggs collected from the
Patuxent River, Maryland, one year after an oil spill. Data
suggested a geographic difference in egg hydrocarbon
concentrations. However, at one year after the oil spill,
most PAH concentrations detected were low, were not
correlated with the extent of shoreline oiling, and thus
likely represent current background levels. Future research
should investigate the route of egg PAH exposure and
include studies of embryotoxicity.
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Aquatic organisms are exposed to a variety of environ-
mental  contaminants  including  heavy  metals,
polychlorinated biphenyls (PCBs) and polycyclic aromatic
hydrocarbons (PAHs). For many vertebrates, such as tur-
tles, eggs can be useful indicators of contaminant exposure.
Previous research (Bishop et al. 1994; Bonin et al. 1995)
found that organochlorine concentrations in snapping turtle
eggs reflect the spatial variation of these contaminants
within the turtle’s habitat. Diamondback terrapin (Mala-
clemys terrapin) eggs may also be useful in elucidating
spatial contamination patterns and levels of organismal
exposure due to their wide distribution throughout estuaries
in the eastern seaboard and the gulf coast of the United
States. Terrapins in the Patuxent River, Maryland are
locally abundant and show strong site fidelity throughout
their lifetime (Roosenburg unpublished), and thus provide
a convenient way to assess toxin exposure of particular
subpopulations.

Here we present a chemical analysis of Patuxent River
terrapin eggs collected 1 year after the Swanson’s Creek
oil spill. We hypothesized that PAH concentrations would
be highest in eggs collected from sites closest to the spill
and from areas of heavy shoreline oiling.

Materials and Methods

On April 7, 2000, approximately 140,000 gallons of #6
crude and #2 fuel oil leaked into Swanson’s Creek, a
tributary of the Patuxent River, Maryland. The oil con-
taminated approximately 17 miles of shoreline (Collins
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et al. 2003) including many areas which have been the
focus of a 20-year terrapin demographic study by one of
the authors (WMR).

Between June 25 and July 1, 2001, approximately
14 months after the spill, we located 12 recently constructed
(<24 h old) terrapin nests on beaches along the western
(from Golden Beach south to Cremona) and eastern shores
(Sheridan point and Craney Creek) of the Patuxent River
within the spill area (Fig. 1a). Three eggs from each nest
were frozen in solvent-washed glass jars and transported to
the University of Kentucky for hydrocarbon analysis. Eggs
were pooled by nest, homogenized, and an aliquot used for
wet/dry determination. Of the remainder, one gram of
homogenate was combined with four grams of sodium sul-
fate and ground in a mortar. Each sample was spiked with a
surrogate standard (50 pL of 8.33 ng/uL p-terphenyl) and
soxhlet-extracted in 1:1 acetone:hexane (pesticide-grade
Burdick and Jackson solvents) for 12 h. Extracts were vol-
ume reduced to 1 mL and eluted through glass columns
containing 5 g of 5% water-deactivated silica and 2.4 g of
5% water-deactivated alumina to remove interfering lipids.
Samples were eluted from the column with 30 mL hexane
(discarded) followed by 30 mL of 25% methylene chloride
in hexane (PAH fraction), and the PAH fraction concentrated
to 0.5 mL and solvent-exchanged to heptane under nitrogen.
The PAH fraction was spiked with a recovery standard
(50 pL of 8.33 ng/uL m-terphenyl), volume reduced to
1 mL and injected (2 pL, splitless) onto a Shimadzu 17A
GC-FID fitted with a 30 m DB5 (J& W Scientific) column
with hydrogen as the carrier gas. Peak retention times were
compared to a 21-compound PAH standard (Ultra Scientific,
RI) and identities confirmed by GC/MS. Only samples with
recoveries greater than 70% are reported resulting in five
western and two eastern nests. Reported concentrations are
corrected for recovery. A procedural blank was included
with each set of five samples. Sample detection limits were
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calculated as (Instrument detection limit) x (final volume of
sample extract/sample wet weight) and are reported in
Table 1.

We used Spearman-Rank correlation to determine the
relationship between total PAHs (tPAHs) and extent of
shoreline oiling (Hintze 2004). We pooled nests into two
groups (east and west) but due to low sample sizes were
unable to make statistical comparisons between shores.

Results and Discussion

Total concentrations of polycyclic aromatic hydrocarbons
(tPAH) detected in terrapin eggs collected from the Pa-
tuxent River appear to be higher on the eastern shore than
the western shore (Fig. 1b). The single nest analyzed from
Craney Creek, a heavily impacted site directly across the
river from the oil spill (Fig. la), contained almost five
times more tPAHs than the highest tPAH concentration
detected from western shore eggs (Table 1). Sheridan
Point, the other eastern shore site, is located approximately
3 nautical miles (5.5 km) down river from Craney Creek
and was not oiled (Collins et al. 2003); yet Sheridan Point
eggs contained more PAH compounds (16 vs. 7) and nearly
twice the tPAH concentrations (2178.9 vs. 1202.5 ng/g
d.w.) found in Craney Creek eggs (Table 1). Conversely,
eggs from western sites contained very few PAHs, a find-
ing somewhat surprising given the extent of the beach
oiling in that area (Collins et al. 2003). One western shore
egg sample had no detectable hydrocarbons, two exhibited
only one PAH (either perylene or benzo(a)pyrene), and in
the two remaining samples we detected small amounts of
3,6 dimethylphenanthrene (Table 1).

A number of studies have used contaminants detected in
turtle eggs to document geographic variations in pollution
(de Solla et al. 2001; Alam and Brim 2000). In the present
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Table 1 PAH residues detected in each clutch from western eggs (Golden, Cremona 1 and 2, Trent Hall and Washington) and eastern eggs
(Craney and Sheridan). Values are presented as ng/g wet weight (ww) and dry weight (dw). Detection limits are presented in the first column and

a dash (-) denotes values below these limits

PAH Limit Golden Trent Hall Washington  Cremonal  Cremona2 Craney Sheridan
wWwW ww dw ww dw WW dw ww dw  ww dw WW dw wWwW dw

Naphthalene 246 - - - - - - - - - - - - 28.0 106.6
Acenaphthylene 217 - - - - - - - - - - - - 12.4 46.9
Acenaphthene 207 - - - - - - - - - - - - 13.8 524
Fluorene 223 - - - - - - - - - - - - - -
Dibenzthiophene 2.54 - - - - - - - - - - - - 12.9 49.1
Phenanthrene 1.87 - - - - - - - - - - - - - -
Anthracene 193 - - - - - - - - - - 21.2 86.9 179 67.9
2 Methylphenanthrene 1.94 - - - - - - - - - - 11.7 479 280 106.2
1 Methylphenanthrene 1.69 - - - - - - - - - - 16.5 67.8 23.8 90.6
3,6 Dimethylphenanthrene ~ 1.60 3.8 11.8 - - - - - - 6.7 240 762 3125 642 2440
Fluoranthene 1.68 - - - - - - - - - - 545 2235 1140 4333
Pyrene 1.68 - - - - - - - - - - 264 1083 232 88.1
Benz(a)anthracene 209 - - - - - - - - 2.8  10.0 - - 15.9 60.6
Chrysene 205 - - - - - - - - - - - - - -
Benzo(b)fluoranthene 329 - - - - - - - - 16.2 585 - - - -
Benzo(k)fluoranthene 329 - - - - - - - - - - 86.8  355.8 21.6 82.1
Benzo(a)pyrene 6.25 37.6 116.6 - - - - 204 857 153 549 - - 25.1 95.5
Perlyene 488 85 265 49 181 - - - - - - - - 29.8 1132
Indeno(1,2,3-cd) Pyrene 15.15 - - - - - - - - - - - - 105.8  402.0
Dibenz(ah)anthracene 17.24 - - - - - - - - - - - - - -
Benzo(ghi)perylene 20.83 - - - - - - - - - - - - 36.9 140.3
tPAH 499 1548 49 181 - - 204 857 41.0 1474 2933 12025 573.4 21789

study, although there appears to be an east—west difference
in contaminant concentrations (Fig. 1b), the sample sizes
were not large enough to statistically compare tPAHs.
Boehm and Farrington (1984) have used a fossil fuel pol-
lution index (FFPI) to determine PAH origin, which could
allow us to compare PAH origin among sites. However,
this index although useful with sediment concentrations, is
unreliable for biological tissues because it does not account
for differential uptake of hydrocarbons by the organism or
the organism’s ability to metabolize the parent compounds.

One potential route of egg PAH exposure is via incu-
bation in contaminated beach sands. The eggs collected in
this study were oviposited 14 months after the oil spill and
thus, although we did not measure PAHs in substrates,
many PAH compounds were likely no longer present in the
surface and subsurface nesting sands due to weathering
(Wang et al. 2006). Additionally, the extent of shoreline
oiling was not correlated (r = —0.18) with tPAH concen-
trations, providing some evidence that egg tPAHs did not
originate from nesting beach substrates. Moreover, eggs
retrieved from nests in this study had been oviposited no
more than 24 h earlier, and thus had limited time in which

to absorb contaminants from the substrate. Thus, any
substrate-derived contribution is likely to be minor.

A second, more likely, route of exposure is maternal
transfer. Lipophilic hydrocarbons can bind to circulating
lipid-rich vitellogenin and become incorporated into
developing follicles (e.g., Monteverdi and Di Giulio 2000).
Sakai et al. (1995) have shown that eggs in the oviduct of
adult female sea turtles exhibited high levels of heavy
metals deposited during the yolking of follicles. Because
complete vitellogenesis can take more than 1 year (Kuch-
ling 1999), terrapins that foraged the previous year in
heavily oiled areas may have accumulated PAH concen-
trations to pass on to their developing follicles. Maternal
transfer of lipophilic contaminants via vitellogenin has
been reported in fish, including PCBs and PAHs in fathead
minnows (Hall and Oris 1991) and PCBs in turtles (Russell
et al. 1999). Because like many vertebrates turtles can
metabolize organic contaminants (Schlezinger et al. 2000;
Yawetz et al. 1998), the lipid-rich follicles likely contain a
mixture of parent and metabolite compounds.

Alam and Brim (2000) reported a maximum tPAH of
705 ng/g d.w. in Caretta caretta eggs that failed to hatch.
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However, the sea turtle egg concentrations were not asso-
ciated with a specific spill event and thus may represent
current, coastal background levels. Because the tPAH
concentrations reported in this study from the western nests
(maximum tPAH of 147.4 ng/g d.w.) are even lower than
those reported in sea turtle eggs, these values likely also
represent background levels in the Patuxent. Total PAH
concentrations from eastern nests (tPAH 1202.5 and
2178.9 ng/g d.w.) were higher, but still not as high as those
reported from other oil spills. Furthermore, there is no
correlation between the extent of shoreline oiling and tPAH
egg concentration, thus although spatial differences do
exist, the tPAHs reported herein may not reflect the 2000
oil spill, but varying concentrations of background signals.
Indeed, with the increased industrialization of the Patuxent
River drainage, it remains a possibility that PAHs detected
in eastern shore eggs were from other, less obvious, fuel oil
sources including boating activities and leaching from
creosote pilings.

Because we do not know the chromatographic signature
of the crude oil spilled into Swanson’s Creek, coupled with
our small sample size, we cannot establish a link between
the 2000 oil spill and the observed tPAH concentrations.
Instead, we conclude that many of the hydrocarbons
detected were likely due to background PAHs in the
environment and that these hydrocarbons are likely being
maternally transferred to developing young. Future studies
must include chemical analysis of livers, fat stores, and
developing follicles from adult female turtles and of nest-
ing beach sediments in order to demonstrate the route of
PAH transfer to oviposited eggs and should also include
studies of embyrotoxicity (e.g., Van Meter et al. 2006).
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