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Island National Estuarine Research Reserve

E. F. Wirth - P. L. Pennington - C. Cooksey -
L. Schwacke - L. Balthis - J. Hyland - M. H. Fulton

Received: 27 January 2014 / Accepted: 1 September 2014

© Springer International Publishing Switzerland (outside the USA) 2014

Abstract Aroclor 1268 is a highly chlorinated PCB mix-
ture that was released into the aquatic environment near
Brunswick, GA (BR), as a result of decades of local
industrial activity. This extensive contamination has led
to US EPA Superfund designation in estuarine areas in
and around Purvis Creek, GA. Roughly 50 km to the
northeast is the Sapelo Island National Estuarine Research
Reserve (SI) where previous studies have documented
unexpectedly high Aroclor 1268-like PCB levels in blub-
ber and plasma samples of resident bottlenose dolphins.
This result led to a collaborative effort to assess the PCB
patterns and concentrations in SI sediment and fish (as
potential vectors for PCB transfer to SI resident dolphins).
Thirty SI randomly assigned stations were sampled for
sediment PCB levels. Additionally, fish were collected
and analyzed from SI (#=31) and BR (»=33). Results
were pooled with regional assessments of PCB concen-
trations from South Carolina and North Carolina in an
effort to determine the association of Aroclor 1268 levels
in SI samples. Results indicated that PCB levels in sedi-
ment and fish are much lower in the SI estuary compared
to BR sediment and fish concentrations. However, PCB
congener profiles for both sediments and fish were similar
between the two locations and consistent with the Aroclor
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1268 signature, indicating possible transport from the
Brunswick area. A likely source of Aroclor 1268 in dol-
phins from SI is contaminated fish prey.
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Sapelo Island NERRs

Introduction

Numerous environmental studies have described the
magnitude and distribution of PCBs attributed to
Aroclor 1268 contamination in the Brunswick, GA, area
attributed to the LCP Superfund site (Kannan et al.
1997, 1998; Maruya and Lee 1998). This site was listed
on the US EPA National Priorities List (Superfund) in
1994 after nearly 75 years of industrial activities. Con-
taminants of concern at this site include several metals
(Hg, Cr, and Pb) as well as PAHs and PCBs (Aroclor
1268). Aroclor 1268 is an uncommon mixture of PCB
congeners dominated by octa- through deca-chlorinated
homolog groups (>90 % of total PCB content)
(Ishikawa et al. 2007; Kannan et al. 1997). The compo-
sition of Aroclor 1268 is dominated by a suite of PCB
congeners (IUPAC nomenclature) including 180, 187,
194, 196, 199, 200, 201 202, 206, 207, 208, and 209.
Environmental sampling in and around Brunswick, GA,
has revealed high levels of Aroclor 1268 contamination
in sediments, invertebrates (blue crab), commercially
important fishes, turtles, birds, (Kannan et al. 1998) as
well as bottlenose dolphins (Balmer et al. 2011;
Kucklick et al. 2011, Pulster et al. 2009).
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Sapelo Island (SI) is a barrier island located roughly
50 km northeast of the LCP site. SI is mostly undeveloped
and is home to NOAA’s Sapelo Island National Estuarine
Research Reserve (SI NERR). This reserve was
established in 1976, but this designation follows decades
of agricultural use beginning in the 1800s as well as
conservation and land-management efforts led by the State
of Georgia. Historically, SI has been lightly populated and
used mainly for agriculture and coastal environmental/
ecological research (SI NERR Management Plan 2008).
In 2007 and 2008, blubber samples from bottlenose dol-
phins resident to the SI NERR were reported to have
elevated levels of PCBs (Kucklick et al. 2011) and these
elevated levels of PCBs were suggested to be associated
with Aroclor 1268 contamination from the LCP site
(Balmer et al. 2011). To date, the levels of PCBs reported
in dolphins from the SI estuary are some of the highest
values reported for coastal dolphin studies (Kucklick et al.
2011) and in contrast to the undeveloped nature of SI.

The present study was undertaken to characterize the
distribution and congener composition of PCBs in sed-
iments and fish in the SI NERR in order to investigate
possible linkages between the previously documented
PCB concentrations in dolphins and Aroclor 1268 con-
tamination at the LCP Superfund site in Brunswick, GA.
The study was a component of a larger study that
examined the overall ecological condition of the SI
NERR (Balthis et al. 2012). A reserve-wide assessment
of ecological conditions, including concentration of
chemical contaminants, was lacking prior to this study.

Methods
Station assignment, sample collection, and preservation

Sampling stations (n=30) were randomly assigned
within the SI NERR boundary using a generalized strat-
ified methodology detailed in Balthis et al. (2012).
Sediment samples were collected during June 2009
from each station (Fig. 1a.) using a 0.04-m” Young grab
sampler. The top 2-3 cm from multiple grabs at each

Fig. 1 a Sampling stations from within the Sapelo Island NERR; p>
open circles are stations where sediment was collected; cross-hatched
circles are stations where sediment and fish were collected. b Stations
from the greater Brunswick, GA, estuarine system. Open circles are
archival sediment samples, closed triangles are stations where fish
were collected by GA DNR (7/2009), closed circles are stations
where fish were collected by the authors for this study
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station was removed, composited for analysis, and fro-
zen. While on station, researchers attempted to collect
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specific species of fish by either hook and line or cast
net. Targeted species included Mugil cephalus (striped
mullet), Micropogonias undulatus (Atlantic croaker),
Cynoscion nebulosus (spotted seatrout), Paralichthys
lethostigma (southern flounder), Sciaenops ocellatus
(red drum), Menticirrhus sp. (whiting), Bairdiella
chrysoura (silver perch), and Leiostomus sp. (spot)
based on human recreational consumption or predation
by dolphin. Individual fish were wrapped in solvent-
rinsed aluminum foil, frozen, and transported to the
laboratory. Concurrently and in order to reduce collec-
tion costs during this field study, similar fish species
were also captured by cast net or obtained from Georgia
Department of Natural Resources Annual Shrimp
Trawls from estuarine locations near the LCP Superfund
site (Fig. 1b.). All samples were transported to National
Centers for Coastal Ocean Science (NCCOS) laborato-
ries in Charleston, SC, and stored frozen (—40 °C) until
analyzed. Sediment was not collected from Brunswick,
GA, estuaries during this study, although sediment from
the Turtle-Brunswick River Estuary (TBRE) near the
LCP site was previously collected by NOAA staff and
has been consistently maintained at the Charleston, SC,
facility since collection in 1996 (Long et al. 1998).
These archival samples were re-extracted and analyzed
for this study to serve as a positive environmental
Aroclor 1268 signature.

Sediment extraction and analysis

Sediment samples were thawed and approximately 10 g
of wet sediment was extracted using pressurized fluid
extraction (PFE) (ASE 200, Dionex Inc.). Prior to ex-
traction, each sediment aliquot was combined with
~27 g of anhydrous sodium sulfate and homogenized
using a mortar and pestle. The dried mixture was trans-
ferred into a 33 mL ASE cell and spiked with a suite of
labeled '*C-PCB congeners (Cambridge Isotope Labo-
ratory, Inc.) and extracted with a mixture of dichloro-
methane and acetone (50:50 volume fraction). The vol-
ume of the resulting extract was reduced under nitrogen
and passed through an SX-3 gel permeation column
(GPC, J2 Scientific, Inc.) to remove lipids, pigments,
and sulfur. Post-GPC extracts were again evaporated un-
der nitrogen to ~1 mL and further cleaned via solid phase
extraction (SPE) using ~2 g of 5 % water-deactivated
alumina. The final extract was solvent exchanged into
hexane and the final volume was adjusted to ~0.5 mL.
A recovery standard ("*C-6-hexachlorocyclohexane) was

added prior to instrumental analysis in order to evaluate
extracted internal standard recoveries.

Tissue preparation and fillet analysis

Fish were prepared by partially thawing the fish,
descaling, and removing each fillet with the skin includ-
ed. At least 20 g of tissue was required for homogeni-
zation in Teflon™ containers using a ProScientific Tis-
sue Homogenizer with a titanium or stainless-steel ho-
mogenization probe. Wet tissues (~5 g) were weighed
into anhydrous sodium sulfate (~33 g) and ground to
dryness. Dried samples were transferred into 33 mL
ASE extraction cells, spiked with internal standard as
above, and samples were extracted by PFE with 100 %
dichloromethane. Samples were passed through GPC
and SPE cleanup steps, and the final extract was solvent
exchanged into hexane. The final volume was diluted to
~0.5 mL. Prior to instrumental analysis, '*C-5-HCH
was also added as a recovery standard to these
extractions.

Sample analysis and data quality assurance

Samples were analyzed using an Agilent 6890 GC
equipped with a 5973 Mass Selective Detector (MSD;
EI mode). GC parameters included a DB-5ms column
(J&W; 30 mx0.25 mm diameterx0.25-pum film thick-
ness) and a Programmable Temperature Vaporization
(PTV) inlet. Concentrations of 88 PCB congeners were
determined for both sediments and tissues. Blanks, for-
tified samples, and SRMs (NIST 1941b Organics in
Marine Sediment and 1944 New York/New Jersey Wa-
ter Way Sediment for sediment and NIST 1947 Lake
Michigan Fish Tissue and 2977 Mussel Tissue (Organic
Contaminants and Trace Elements) for tissues) were
used to ensure data quality. Recoveries of method spikes
and matrix spikes averaged (standard deviation) 103.8
(21.2)% and 98.6 (20.4)%, respectively. NIST SRMs
1941b for sediments and NIST SRMs 1947 and 2977
for tissues were also analyzed; PCB congener concen-
trations were within 10 % (SRM 1941b), 5 % (SRM
1947), and 20 % (SRM 2977) of certified values.

Data analysis
Congener patterns of PCBs in sediment and fish from

both Brunswick and Sapelo NERR were compared to
other regional datasets for sediment and fish tissues
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from coastal South Carolina (Van Dolah et al. 2013) and
North Carolina NERRs (Cooksey et al. 2008). Fish
collections for the SC and NC projects were collected
in a similar manner as samples for this study. These
datasets were chosen because each represented approx-
imately the same spatial scale, were analyzed using
similar protocols, and the targeted fish species were
similar in nature.

Descriptive statistics for sediment and fish were de-
termined (on a per sample basis) for total PCB (PCB,),
defined as the sum of the 65 PCB congeners common to
all four regional assessments. The congener-specific
proportion of PCB, was calculated as well. The geomet-
ric mean and the standard error of the mean are reported
throughout the manuscript. The standard error of the
mean was calculated by determining the standard devi-
ation of the natural log-transformed data that was re-
portable, converting the transformed data (exp S"™™)
and dividing by the square root of the count data.

The PCB data was also reduced to include 22 conge-
ner peaks that were measured across all projects and
associated with Aroclor 1268 as detailed in previous
publications (Ishikawa et al. 2007; Maruya and Lee
1998; Pulster and Maruya 2008). The PCB congener list
(PCB,) used to define regional differences included 29
congeners (PCBs 3, 8/5, 18, 20, 28/31, 44, 52, 77, 101/
90/89, 105, 118/106, 126, 149, 153, 170/190, 180/193,
187, 194, 202, 206, 207, and 209) and is similar to the list
used by Pulster et al. (2005) to evaluate regional differ-
ences in PCB composition in the southeastern USA. This
list of 22 congeners includes 7 congeners (PCBs 180/
193, 194, 206, 209, 187, 202, and 207) that are of
importance to Aroclor 1268 and account for ~75 % of
the Aroclor 1268 profile (Maruya and Lee 1998;
Kucklick et al. 2011). The proportion of PCB, to PCB,
was then calculated, and sites were compared using an
ANOVA (SAS version 9.3) for both sediments and tis-
sues. The congener pattern observed in archived Bruns-
wick, GA, sediments collected in 1996 and reanalyzed
for this study has previously been associated with Aroclor
1268 (Kannan et al. 1997; Maruya and Lee 1998).

Results
General description of sediments

The mean sediment concentration for PCB, for the SI
NERRS was 0.205 ng/g dry weight (dw) (standard error
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(SE) of 0.637 ng/g dw). Station concentrations ranged
from 0.015 to 3.84 ng/g dw (Table 1). No station
exceeded published sediment toxicity guidelines such
as the effects range low (ERL; 22.7 ng/g dw) or effects
range median (ERM; 180 ng/g dw) (Long et al. 1995) or
the probable effects level (PEL; 189 ng/g dw) (Ca-
nadian environmental quality guidelines 2002). For
comparison, PCB, concentrations from archived and
reanalyzed Brunswick, GA, sediment samples aver-
aged 79.3 ng/g dw (SE 2.47 ng/g dw) and ranged
from 5.37 to 4200 ng/g dw. Five of the 10 archived
BR stations had PCB levels that exceeded the ERM
(180 ng/g dw), and three of the remaining five
stations had PCB levels greater than the ERL
(22.7 ng/g dw) (Long et al. 1995). Congener profiles
were similar in both SI and BR sediment samples.
Dominant congeners (in descending rank order; 1-3)
for both locations (Table 2) were PCB 206, 209, and
202, accounting for nearly 70 % of PCB,. The
remaining congeners (rank order 4-10) included
PCB 194, 187, 207, 195, 198, 180/193, and 52 for
BR sediments and PCB 187, 153, 194, 99, 52, 28/
31, and 183 for SI sediments.

General description of analyzed fish fillets

A total of 22 fish fillets from the SI NERR were analyzed
for PCBs and included M. cephalus (n=9), M. undulatus
(n=3), C. nebulosus (n=3), Menticirrhus sp. (n=1),
B. chrysoura (n=3), S. ocellatus (n=2), and
P, lethostigma (n=1). PCB; concentrations averaged 3.90
(SE 0.577)ng/g wet weight (ww) (Table 3) and individual
fillet concentrations ranged from 0.60 (silver perch) to 41.0
(whiting)ng/g ww. A total of 29 fillets were analyzed from
the area around Brunswick, GA (BR), and species includ-
ed M. undulatus (n=8), Menticirrhus sp. (n=1),
M. cephalus (n=9), B. chrysoura (n=4), C. nebulosus

Table 1 PCB, sediment concentrations (reported as the geometric
mean) from BR, SI, SC (van Dolah et al. 2013), and NC (Cooksey
et al. 2008)

Site  PCB, concentration+standard ~ PCB,/PCB; proportion
error (ng/g dry mass)

BR 79.3 (2.47) 0.967

SI 0.205 (0.637) 0.904

SC 0.107 (0.3.06) 0.382

NC 0.005 (0.15.1) 0.212
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Table 2 Rank order (by conge-

ner proportion) of the congeners Rank BR_sediment SI_sediment SC_sediment NC_sediment
from BR, SI, SC (van Dolah et al. order
2013), and NC (Cooksey et al.
2008) sediments and the associ- 1 PCB 206 (0.611) PCB 206 (0.665) PCB 52 (0.079)  PCB 206 (0.589)
ated PCB, congener proportion 2 PCB 209 (0.121) PCB 209 (0.104)  PCB 66 (0.071)  PCB 37 (0.226)

3 PCB 202 (0.094) PCB 202 (0.049) PCB 110 (0.067)

4 PCB 194 (0.056) PCB 187 (0.049) PCB 153 (0.050)

5 PCB 187 (0.043) PCB 153 (0.019) PCB 18 (0.041)

6 PCB 207 (0.036) PCB 194 (0.018) PCB 15 (0.038)

7 PCB 195 (0.004) PCB 99 (0.015) PCB 156 (0.036)

8 PCB 198 (0.004) PCB 52 (0.015) PCB 99 (0.035)

9 PCB 180/193 (0.003) PCB28/31 (0.009) PCB 92 (0.035)

10 PCB 52 (0.003) PCB 183 (0.008) PCB 101/90/89

(0.024)

(n=1), and Leiostomus sp. (n=6). Tissue fillet concentra-
tions of PCB;, at BR averaged 141 ng/g ww (SE 0.478 ng/g
ww) and ranged from 32.0 to 838 ng/g ww (Table 3).
Congener profiles were again similar in both SI and BR
tissue samples (Table 4). Dominant congeners for both BR
and SI included PCB 206, 187, and 202, accounting for
between ~45 % (SI) and 65 % (BR) of the PCB,. The
remaining congeners included PCB 194, 209, 207, 183,
180/193, 153, and 154 for BR tissues and PCB 153, 194,
180/193, 99, 209, 101/90/89, and 183 for SI tissues.
Species-specific descriptive statistics are found in
Table 5. Comparisons were limited to those species for
which there were matched data from the SI NERR and
Brunswick, GA, and the sample size was greater than
one from both regions (silver perch, mullet, and Atlantic
croaker). Mean tissue concentrations were generally
between 50 and 100 times greater in fish from the
Brunswick, GA, sites relative to the fish from SI. Addi-
tionally, when PCB; for fish was compared to US EPA
consumption guidelines (four meals per month) (U.S.
EPA 2000), all fish from Brunswick exceeded the lower

Table 3 PCB; tissue (fillet) concentrations (reported as the geo-
metric mean) from BR, SI, SC (van Dolah et al. 2013), and NC
(Cooksey et al. 2008)

Site PCB, concentration+standard PCB,/PCB,
error (ng/g wet mass) proportion

BR 141 (0.478) 0.881

SI 3.90 (0.577) 0.824

SC 2.93(0.451) 0.464

NC 0.087 (17.0) 0.470

threshold for non-cancer risks (23 ng/g ww), and of
these, 24 exceeded the upper threshold of 47 ng/g ww
for non-cancer risks. Only two fish collected from the SI
NERR exceeded the lower non-cancer threshold, and
none exceeded the upper threshold. An additional 10 fish
from the SI NERR were found to have PCB, concentra-
tions above the lower cancer-risk threshold of 5.9 ng/g
ww; five had concentrations that also exceeded the upper
cancer-risk endpoint of 12 ng/g ww (Fig. 2.).

The dominant congeners in both sediments (Table 2)
and tissues (Table 4) from both SI and Brunswick, GA,
were PCB 206, 202, and 187 and also included PCB
209, 194, 180/193, and 207. This profile was similar to
the Aroclor 1268 profile described in Maruya and Lee
(1998) for fish from Purvis Creek near Brunswick, GA.

Regional comparison

The mean PCB,/PCB; proportions for sediments ranged
from 0.212 (NC) to 0.967 (BR). SI sediments matched
closely (0.904) with the BR sediment PCB,. proportion.
Results from the ANOVA (least squares means compar-
ison) comparing the PCB,/PCB; proportion indicated
significant differences between BR and both NC and
SC datasets while BR and SI PCB,. proportions for
sediments were not different (»p=0.936). PCB,. propor-
tions for SI sediments were different from both NC and
SC as well (»p<0.0001). NC and SC were not signifi-
cantly different (p=0.106). A similar trend was ob-
served in PCB,/PCB; tissue proportions. Mean propor-
tions ranged from 0.881 (BR) to 0.464 (SC). BR and SI
PCB,. proportion (tissue) results were not significantly
different (p=0.736). PCB,. tissue proportions from SI
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Table4 Rank order (by congener proportion) of the congeners from BR, SI, SC (van Dolah et al. 2013), and NC (Cooksey et al. 2008) fish
fillets and the associated PCB, congener proportion

Rank order BR_tissues SI tissues SC tissues NC _tissues

1 PCB 206 (0.311) PCB 206 (0.170) PCB 153 (0.159) PCB 187 (0.401)

2 PCB 202 (0.181) PCB 187 (0.143) PCB 99 (0.093) PCB 206 (0.388)

3 PCB 187 (0.148) PCB 202 (0.130) PCB 15 (0.047) PCB 101/90/89 (0.057)
4 PCB 194 (0.063) PCB 153 (0.093) PCB 63 (0.043) PCB 153 (0.049)

5 PCB 209 (0.045) PCB 194 (0.032) PCB 12 (0.037) PCB 99 (0.042)

6 PCB 207 (0.034) PCB 180/193 (0.029) PCB 180/193 (0.035) PCB 95 (0.037)

7 PCB 183 (0.034) PCB 99 (0.028) PCB 118/106 (0.028) PCB 180/193 (0.029)
8 PCB 180/193 (0.028) PCB 209 (0.023) PCB 52 (0.019) PCB 44 (0.016)

9 PCB 153 (0.020) PCB 101/90/89 (0.023) PCB 66 (0.013)

10 PCB 154 (0.012) PCB 183 (0.022) PCB 202 (0.012)

were different from both NC and SC as well Discussion

(»<0.0001). NC and SC were not significantly different
(=0.999). Sediments from BR and SI shared 6 of the
10 most influential congeners, and there were no con-
geners among the 10 highest rank-ordered congeners
that were shared among all four sediment datasets (Ta-
ble 2). For tissues, 8 of 10 rank-ordered congeners were
shared between BR and SI tissues and two congeners
(PCB 153 and 180/193) were identified in each of the
four regional datasets (although the ranks differed;
Table 4).

Sediment PCB, concentrations in the ST NERR (0.015-
3.84 ng/g dw) did not exceed the published ERL or
ERM (Long et al. 1995) at any station, and concentra-
tions were similar to other coastal assessments along the
NC and SC coasts (Bergquist et al. 2011; Cooksey et al.
2008; Sanger et al. 2008; Van Dolah et al. 2013). Sed-
iment PCB, concentrations reported along the South
Carolina coast over a 10-year (2000-2010) period
ranged from not detectable (nd)-30.5 ng/g dw (annual

Table 5 Descriptive statistics for

PCB, (ng/g ww) in fish fillets Species Count  Arithmetic mean Arithmetic mean ~ Concentration

collected in the SI NERR and the lipid fraction (standard error) range (ng/g ww)

greater Brunswick, GA, estuary; (standard deviation) concentration

no significant differences for lipid (ng/g ww)

fraction were identified

between locations and between Sapelo Island

species Silver perch 3 0.0042 (0.0013) 1.34 (1.96) 0.604-18.8
Spotted seatrout 3 0.0115 (0.0036) 8.14 (0.38) 4.44-18.5
Striped mullet 9 0.0216 (0.0149) 3.32(0.17) 1.61-7.08
Atlantic croaker 3 0.0249 (0.0165) 5.16 (0.47) 5.84-11.0
Whiting 1 0.0218 252
Southern flounder 1 0.0013 0.873
Red drum 2 0.0111 (0.0087) 2.17 (1.20) 0.877-13.3

Brunswick

Silver perch 4 0.0320 (0.0252) 146 (0.51) 107478
Spotted seatrout 1 423
Spot 6 0.0253 (0.0327) 69.1 (0.56) 33.3-770
Striped mullet 9 0.0141 (0.0030) 207 (0.23) 32.0-838
Atlantic croaker 8 0.0482 (0.0425) 150 (0.27) 70.3-779
Whiting 1 0.0187 188
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Fig. 2 Rank-ordered arithmetic mean fillet PCB, concentrations from SI and BR fish plotted in relation to the US EPA cancer and non-
cancer fish consumption limits estimating four meals per month (U.S. EPA 2000)

mean 0. 750 ng/g dw) (Bergquist et al. 2009; Van Dolah
et al. 2013; VanDolah et al. 2004, 2006). The dominant
congeners reported for SC sediments were PCBs 138/
163/164, 44, 52, and 153 (Bergquist et al. 2009;
VanDolah et al. 2004, 2006). The mean PCB, sediment
concentration reported for NC NERR was 0.240 ng/g
dw (range, nd—1.24 ng/g dw), dominated by PCB 206,
but there were very few congener detections reported
(Cooksey et al. 2008) (Table 2). PCBs were not detected
in sediment from the Grays Reef National Marine Sanc-
tuary, 32 km off the coast of Sapelo Island, GA (Balthis
et al. 2007).

Several publications have highlighted the need for
information on the trophic transfer of PCBs from sedi-
ments and prey species to apex and sentinel species such
as coastal dolphins (Balmer et al. 2011; Kucklick et al.
2011; Pulster et al. 2005). Prey species from the Bruns-
wick, GA, area had relatively high levels of PCBs (32.0
to 838, mean 141 ng/g ww), in agreement with other
reports from the Brunswick area (Balmer et al. 2011;
Pulster et al. 2005). Concentrations of PCB, recently
reported in SC fish range from 1.49 to 15.1 (mean
5.06)ng/g ww (Van Dolah et al. 2013), and the dominant

congeners expressed in these fish were PCBs 153, 99,
and 15. Reported PCB, concentrations in fish from NC
NEER ranged from 0.29 to 4.03 (mean of 1.36)ng/g ww
and were primarily driven by PCBs 187, 101/90/89, and
206 (Cooksey et al. 2008). Concentrations reported in
fish from SI NERR ranged from 0.604 to 41.0 (mean
3.90)ng/g ww (current study). The congener patterns
from SI NERR were more similar to the pattern found in
samples from Brunswick estuaries and dominated by
congeners PCBs 206, 187, and 202 (Table 4). The rank
order of the Aroclor 1268 specific congeners for
sediment and tissues follows the typical Aroclor 1268
pattern described by Kannan et al. (1998) and Maruya
and Lee (1998).

The similar congener patterns in both sediment and
tissues and the expected decrease in PCB concentration
in S relative to BR strongly indicate that PCB transport
into SI NERR has occurred and could be attributed to
several environmental routes, although the question of
how Aroclor 1268 came to occur in SI cannot be defined
in this experimental design. It is well documented that
PCB transport occurs via downstream sediment trans-
port (Feng et al. 1998). Feng et al. (1998) described a
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10-fold decrease over an approximately 80-km stream
transect along the Hudson River. In the case of transport
from BR to SI, our data seem to indicate a 100-fold
decrease over a similar spatial scale. Another possible
route of PCB movement is through the migration of fish
populations, realizing that fish migration is species and
season dependent. There are subtle differences in PCB
homolog patterns in fish from SI and BR (Table 4).
Congener patterns appear to be relatively similar for
the more highly chlorinated congeners (homolog groups
7, 8,9, and 10), though congeners in homolog groups 4,
5, and 6 are enhanced in SI fish compared with BR. It is
interesting to note that several congeners found in SI
tissue were not often detected in SI sediment samples.
For example, PCBs 105, 110, 177, 188, and 195 were
detected in tissues but not detected in SI sediments. It
seems that the PCB profiles between SI and BR are
more similar for tissues than sediments and may
indicate that tissues are a more likely source of
transport, thus identifying fish as an influential vector
for PCBs to be passed onto predators found in the SI
NERR. Balmer et al. (2011) reported distinct dolphin
populations that are resident in SI and distinct from
dolphin populations found in the BR estuary; yet both
populations exhibited clear Aroclor 1268-type congener
patterns in blubber samples. Understanding the presence
of'an Aroclor 1268-type pattern in SI as observed in this
study implies an influence from the likely source (BR)
and helps define needed research into predator/prey
associations and Aroclor 1268 movement mechanisms
into this protected estuary.

US EPA consumption guidelines (U.S. EPA 2000)
were used in an attempt to understand potential risks
associated with the levels of PCB found in fish from
Sapelo Island, NERR. Total PCB levels in some SI
NERR fish exceeded US EPA lower and upper end-
points for cancer risks (48 %>5.9 ng/g ww and 16 %
>12 ng/g ww, respectively) and the lower endpoint for
non-cancer/systemic-health risks (6.5 %>23 ng/g ww)
based on predictions associated with consumption of
four 8-0z meals per month (U.S. EPA 2000); none
exceeded the upper non-cancer endpoint of 47 ng/g
ww. Due to the restricted access to the SI NERR (boat
only), the extent of recreational or subsistence fishing
that occurs in these waters is unclear. All fish from BR
exceeded both the lower and upper endpoints for cancer
risks and the lower endpoint for non-cancer risks; most
(73 %) also exceeded the upper non-cancer endpoint.
Mullet and croaker from Purvis Creek (adjacent to the
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LCP site in Brunswick, GA) are identified in Georgia
EPD publications as “do not eat,” and red drum and
flounder are listed as “1 meal per month” due to PCB
contamination (Guidelines for Eating Fish from Georgia
Waters 2010).

While SI PCB levels in both sediment and fish were
considerably lower than the PCB levels found in Bruns-
wick, GA, the congener patterns strongly suggest trans-
port of Aroclor 1268 away from the LCP site and into
the SI NERR (Tables 1, 2, 3, and 4). The rank order for
the first four congeners (based on proportion) is identi-
cal in both ST and BR sediment samples from 1994 that
were reanalyzed for this study (PCB 206>199>203/
196>208), and 8 of the 10 most abundant congeners
are similar between BR and SI sediments. Congeners
153 and 52 are among the 10 most abundant congeners
from SI and are not associated with published Aroclor
1268 patterns (Maruya and Lee 1998; Kucklick et al.
2011), and this signal likely indicates ambient back-
ground PCBs (Hoekstra et al. 2003). Kucklick et al.
(2011) showed a high correlation of PCB153 with coast-
al human population supporting the assertion of PCB
153 as an indicator of general urban PCB contamination
(non-Aroclor 1268). Congener profiles follow a similar
pattern of agreement in tissues (Table 4). Congener
ranks are identical for PCB 199>206>203/196>202>
187 and 8 of the 10 most abundant congeners are again
the same in both SI and BR tissues.

An earlier study examined dolphin prey species from
three coastal regions including Brunswick, GA; Jack-
sonville, FL, to the south; and Savannah, GA, to the
north of the LCP site (Pulster et al. 2005). Using dis-
criminant analysis, these authors reported that the
Aroclor 1268 patterns (using congeners 194, 138, 180,
and 196) were recognizable to the south (in samples
from Jacksonville, FL) but not in PCB profiles from
Savannah. This apparent pattern movement is not spe-
cific to fish, as Aroclor 1268 specific signatures in
turtles were reported as far south as Port Canaveral, FL
(Ragland et al. 2011). Our data clearly indicated that the
SC and NC datasets were distinct and different from SI
and BR data for both sediments and tissues.

In closing, while the magnitude of PCB contamina-
tion at the SI NERR is much lower than that in the
Brunswick, GA, area near the LCP site, the similarity
of congener profiles suggests that much of the PCB
contamination at the SINERRS is likely due to transport
from the LCP site. Sediment advection may account for
the PCB transport into SI as only a small proportion of
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highly contaminated BR sediment could explain the
PCB levels found in SI. Additionally, PCB transport
could also be a result of fish migration from BR into
SI. The more similar PCB patterns were found between
tissue PCB profiles. Fish tissue concentrations occasion-
ally exceed US EPA human-health guidelines for caner
and non-cancer health endpoints (based on consumption
of four 8-0z meals per month). Without better under-
standing of the amount of prey dolphins consume, it
may be difficult to gauge if consumption of SI resident
fish is enough to explain the high levels of PCB reported
in SI resident dolphin populations. Generally, the
Aroclor 1268 signature around BR and SI appears to
be closely bounded to the north. Future research in-
cludes similar estuary wide assessments in northern
Florida and southern South Carolina to help better un-
derstand the extent of the movement of Aroclor 1268
along the southeastern coast and especially among
coastal-protected research areas (NERRs).
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