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Abstract: Problem statement: PCBs contamination continues to pose a health taslkaquatic
environments due to their recalcitrance and bioaedation. The Sangamo Weston/Twelvemile
Creek/Lake Hartwell Superfund Site is an exampleuath a health risk as a result of PCBs discharged
from a former capacitor manufacturing plant. We digrted a study in twelvemile creek (Clemson,
SC, USA) to examine the temporal trend of PCB cwmittated sedimentsApproach: Surface
sediments were sampled at four sites in fall 2@D8dmpare with concentrations measured in past
studies. Total PCBs and congener-specific analyses performed on Gas Chromatography-Electron
Capture Detector (GC-ECDResults: Total PCB concentrations ranged from 0.026-0ut8g ™,
which were one order of magnitude lower than levetasured in 1987 (<0.20-10.28 ¢g*). Total
PCB:s in this study (based on more than 130 conggma@re similar to those observed in 2003-2004
(based on only 20 congeners). PCB congener pattadisated that PCBs near the source were
dominated by lower chlorinated congeners while ge@ngeners were persistent further downstream.
Conclusion: Physical and biochemical processes such as natteaduation, mixing/dispersion and
PCBs degradation are contributing to the decreasamgentrations after the discharge was eliminated
in 1975. The congener pattern shift is likely &ttted to a loss via volatilization and export of
contaminated sediment from the stream. Burial cbelé potential means to prevent resuspension into
the water column.
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INTRODUCTION 1970s the commercial products have not been
manufactured on a large scale (Hareidal., 1994).
Synthetic Chlorinated Hydrocarbons (e.g., PCBsHowever, environmental cycling has led to worldwide
DDTs and HCHSs) are widely distributed throughowt th distribution of PCBs. Measurable levels of PCBsehav
aquatic  environment.  Polychlorinated Biphenylsbeen documented universally in ambient air, soils,
(PCBs) are some of the most persistent and ubiggiito rivers, sediments and tissues of organisms (EPAG)1L9
pollutants in the environment. Their physicocherica Once released into the environment, PCBs initihd
properties are variable owing to different numbér o to adsorb to organic matter in sediment, bioaccataul
chlorines attached to the biphenyl molecule. Then fatty tissues and subsequently transfer via thet
functional properties that make PCBs ideal for ‘fdpe higher organisms in the food web. Additionally,
applications (e.g., heat insulators, transformensl a sediments control concentrations and distributiohs
dielectric fluids) result from the fact those commial-  PCBs in the water column through resuspension én th
grade PCBs are mixtures or Aroclors (Baker, 1980)short term while burial is the ultimate fate of PCHlB
Because of their potential carcinogenicity, sifuelate  the long term (Ko and Baker, 1995; Jonsson and
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Carman, 2000). If sediment accumulation/burial sate continual import of clean sediments from upstream,
are faster than the rate at which PCBs can desorlixing/dispersion facilitated by further downstream
then adsorption essentially becomes a dominangXportand aerobic degradation.

process and sediments become a sink for PCB

contamination within the system (Mackay, 1983). MATERIALSAND METHODS

Otherwise, disruption Of. the §ediment profile Sampling methods: The study was conducted in Town
(through storms, d_redgmg,) _ Increases IDCBSCreek, where the Sangamo-Weston (S-W) plant was
?heussogz:;ggti;rlfyni]ncprreea\\/slzzsvl\yatgf::Iggc:rft(:g;gzgs andlocated and extended to the Twelvemile Creek system
The Sangamo-Weston/Twelvemile Creek/LakeI(Flg'. L .er ”SS(;T)FQG% _s:cjlrfacel sedlmentf at lfour
Hartwell Superfund site located in Pickens, Southocaltlons n 1a - briety, a large sta|r_1 estee
Carolina, USA, was contaminated with PCBs-contgnin spoon was used to_(_:ollect the_ surf_ace sediments fro
wastes released from a former capacitor manufagturi shallow and erosmonal habitats in the streame Th
plant. Approximately 181 metric tons of PCBs weredepth of sediments sampled ranged from 3-5 cm
discharged with effluent directly into Town Creek, depending on the composition of the sediment safestr
tributary of Twelvemile Creek, which is in turn aajor ~ Collection sites were located from 2-25 km dowrestre
tributary of Lake Hartwell (EPA, 1990). The Lake of the plant site. Three replicates were collectedach
Hartwell reservoir was constructed between 1955 andampling site. Samples were stored in solvent-eléan
1963 by the U.S Army Corps of Engineers. Theamber glass containers, placed in a cooler withface
Sangamo site was proposed for the National Présriti transport to the laboratory and frozen at -200QI unt
List (NPL) in January 1987 and was finalized on theanalysis. While sample collection in a 2003-04 ptwds
NPL in February 1990 (EPA, 1990). EPA and Southgimijar to our current study, core samples weréectdd

Carolina Department of Health and Environmgntaland dissected into the top, middle and bottom @estin
Control (SCDHEC) have completed several studies tghe 1987 study

assess PCB contamination in the Lake Hartwell an

Twelvemile Creek ecosystem. Results indicated thagyiraction and analytica methods.  Sediment
concegtrgnor?s 'S gsthp%ues c;n é_ake :grtyv(_albnﬁ extractions were conducted with a Dionex Accelerate
exceeded the U.S. Food an rug ministrationg e nt Extraction system (ASE-200) using methylene
(FDA) safe tolerance limit of 2 mg l&g(EPA, 1990). chloride EPAUS, 2005. Sample clean-up was
Accumulations were detected in the sediments as farccomplished via’sulfuric. acid and alumina column
downstream as the Lake Hartwell dam (91 km from th L .'
source), while minor levels of PCB contamination xtracts were _solvent exchanged with isooctaner prio
persisted in Town Creek near the Sangamo Westofp GC analysis. Total PCBs and congener-specific
plant site (EPA, 1990; Baker, 1994). The verticahti PCBS were ‘analyzed with an Agilent 6890-GC
of PCBs contaminated sediments in the lake has alsgquiped with a RTX-5 column (Restek, Bellefonte,
been evaluated (Brennet al., 2004; Sivey and Lee, PA; 60m length, 0.25 mm diameter and 0,2b film
2007). In general, concentrations in the lake syste thickness) and a 63Ni Electron Capture Detector
were relatively low at the sediment-water interfacel (ECD). The GC conditions and analytical
then increased with depth until the maximum PCBquantification were described elsewhere (Dang, 2007
concentration was measured at 35-40 cm. However, Bang et al., 2010). Surrogate standards containing
temporal distribution of PCBs accumulated inpCBs 14 and 169 were added to the samples prior to
Twelvemile Creek sediments has not been publishedytraction. Recovery factors of 80.73+9.13% and
because the system is more dynamic with more fréqué g5 14+13.11% were attained for PCBs 14 and 169,
disturbance and greater downstream transport #n t .o gnectively. PCB concentrations were not corrected
lake system. In addition, knowledge of the histaric for recovery. Quantitative analysis was based on

profile of_the surface zone Is Important to adeqlyat internal standards using Aldrin and PCB 209. Our
characterize the horizontal contamination and to

; : : thod was equivalent to the method used in the
determine the quality of recently deposited sedimen me i .
Therefore, this study aimed to provide insight ithe ~ 2003-04 study (Walterset al., 2008); while a
distribution and magnitude of PCB contamination inSonication method was adapted for the 1987 study

Twelvemile Creek sediments via assessment of &Germann, 1988). _
historical profile. We hypothesized that PCB In addition, total PCB concentrations were based

concentrations at the water/sediment interface ion 65, 20 and 130 congeners for 1987, 2003-04 and
Twelvemile Creek were decreasing because obur study, respectively.
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the source) except for site 4 (Fig. 2). This vioiatis
due to the fact that sediment in the system is gniign
comprised of sand and gravel with low Total Organic
Carbon content (TOC) ranging from 0.1-3.6% (EPA,
1990). According to Walterst al. (2008), TOC
normalized PCB concentrations in sediment and Fine
Benthic Organic Matter (FBOM), deposited organic
matter between 48 and 2%@n mesh size, had similar
patterns. FBOM has a higher affinity for sorptioh o

— 3488

L- Hortwe hydrophobic contaminants like PCBs than inorganic
= sediments and can serve as a potential surrogate fo
1 D '/,':'4.5/ sediment in determining trace levels of persistent
NSl //41 organic pollutants.
T Although PCB concentrations did not appear to be
g ey noticeably different at all four sites between thiady

and the 2003-04 study conducted by Waltersal.
Fig. 1: Map of the study area showing the Sangamo¢2008) (Fig. 2), more than six times the congemerse
Weston plant (SW) and four collection sites: 2,included in the 2008 total as for the 2003-04 tdtais
3, 4 and 6. Transverse lines downstream of sitdikely that the PCBs continued to decrease ovefdhe
6 represent low-head dams considered foiyears. However, PCBs in fish have not responded
removal under ongoing mitigation efforts. measurably to the decreased surface sediment trends

Source: Dangt al., 2010 PCB concentrations in yellowfin shinemMdtropis
lutipinnis) collected from 2003-2005 in Twelvemile
RESULTSAND DISCUSSION Creek continue to be above the 2.0 mg'KeDA limit

(Walterset al., 2008; Dang, 2007). In order to achieve

Total PCB trati . di ¢ highl stream restoration, the Natural Resource Trustees
_'ota 5 concentrations 1n se_1|men S were hig y(NRTs) and Schlumberger (current responsible party)
variable ranging from 0.026-0.18 g~ (Table 1). The

g e proposed to remove two Twelvemile Creek
magnitude of PCBs contamination was about one Ord‘%anoundments (and possibly a third) located aldrey t

of magnitude lower than the 1994 Record of Decisiongwer portion of Twelvemile Creek DNR, 2006. These
cleanup requirement goal, which was proposed @ 1 jmpoundments are associated with Woodside I,
g" (EPA, 1990). Total PCBs in Twelvemile Creek woodside | and the Easley-Central dams situated 2.4
surface sediments (top section ranging from 0-5iom) 4.0 and 5.1 km upstream of the Lake Hartwell batixya
the 1987 study measured by Germann (1988) were fromespectively (Fig. 1). The removal will encourageater
<0.22-10.23ug g . Note that the number of congeners sediment transport downstream to contaminatedopsrti
included in the 2008 total were twice the 1987 ltota of Lake Hartwell. The process to remove the first
clearly indicating a large decrease over the tipgns impoundment (Woodside 1) is currently underway.

In addition, total PCBs decreased at the sedimexéiw Analysis of congener distribution patterns (Fiy. 3
interface in the Lake Hartwell by about one ordér o indicated greater accumulations of lower chloridate
magnitude between 1987 and 2004 (Sivey and Leecongeners (di-+tri and tetraCBs) at upstream g#ite
2007). Because Town Creek was confirmed as the onl§) and greater accumulation of higher chlorinated
tributary contributing PCBs to Twelvemile Creek congeners (hexa-, hepta- + octaCBs) at downstream

(EPA, 1990), decreasing PCB concentrations wouldfites (Site 6). While penta and hexaCBs accounted f
reflect a decline in PCB input to the system, theid 50% of total PCBs, nona- and decaCBs were comprised

<0.05% of total PCBs at all sites and excluded ftben
analysis. Walterst al. (2008) also showed a similar
downstream shift to higher chlorinated congeners
across the Twelvemile Creek food web.

and/or dilution of previously contaminated sedimient
mixing with clean sediment and PCB dechlorination.
PCBs in historical surficial sediments were fouache
highest near the plants discharge point on TowrelCre

and generally decreasing with increasing diStanCel"able 1. A range of total PCB concentrationgy (" PCB) in

downstream from the plant site (EPA, 1990). Sirtylar twelvemile creek measured in the past and curtadys
our current studies measured a lower level of P@Bs Total PCBs 1987a 2003-2004b 2008

. . 1
site 6 (25 km from the source) than site 2 (2 komfr (19 g~ PCB) <0.22-1023 0.049-0.14 0.026-0.18
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0.25 concentrations by an order of magnitude. We also
attribute that natural attenuation and mixing/disjmn

02 ® 2003- 04 of sediments are playing major roles in diminishing

os o 2008 PCB concentrations in surface sediments. Much ef th

contaminated sediments were exported from the syste
and deposited in the Twelvemile Creek Arm of Lake
Hartwell since the termination of the dischargeweeer,

i resuspension into the water column of the remaining
0.05 l:LL sediments is likely occurring and contributing he tigh
6

Total PCBs (ug g )

PCB levels measured in fish species.

4
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