





sediment sampling stations with TEC totals ranging between 2.7 and 22.5 ng kg will remain in-
place.

A review of the dioxin TEC data in Attachment lindicates that many of the individual congeners
at many stations were not detected. The TEC calculation assumed that each congener was
present at one-half its detection limit. This results in substantial overestimation of dioxin TEC
sediment concentrations compared to the actual measured (detected) results. In addition. the
majority of detected concentrations are furans rather than dioxins.

B. Brunswick Community Study Sediment Data - 1993

During November and December 1995, 14 river sediment samples were sampled and analyzed
for PCDDs PCDFs and Aroclor-1268. among other parameters (Figure 2). The river sediment
sampling stations covered areas of the Turtle River. St. Simons Sound and tidal tributaries along
the eastern boarder of the Brunswick Peninsula. Most of the Brunswick Community Study
(BCS) sediment samples were collected outside the boundaries of Operable Unit 1 (the LCP
Chemicals marsh). Attachment 2 contains the Toxic Equivalency Factor (TEF) calculation
spreadsheets for the 14 BCS river sediment samples.

Table 2 shows that the TEC totals ranged from 11.4 to 20.4 ng kg. It is also apparent in
Attachment 2 that the detection limits in the Brunswick Community Study were elevated.
relative to those reported in the 1997 ERE. The detection limits in the BCS were generally ten
times higher than those achieved in the 1997 ERE. As a consequence. even with the re-
calculation of all the 1995 dioxin TECs using the WHO TEF ot 2003. the total TECs calculated
trom the BCS reflect artifact of using one half the detection limit for the dioxin congeners not
detected.

C. Kannan. et al (1998): 1996 Data

In early 1996. investigators from Michigan State University sampled and analyzed soil and
sediment composites from three locations at the LCP Chemicals Site. The three samples were
collected from: a) excavated soil from the Uplands-located brine impoundments. b) marsh
sediment (removed during the late 1990s removal). and ¢) ereek sediment from the LCP Ditch.
which was partially removed also in the late1990s. The findings were published in
Toxicological and Environmental Chemistry (Kannan. et al. 1998). Table 3 presents the Aroclor-
1268 and PCDD PCDF results published by Kannan. Figure 3 shows the locations of the
Kannans 1996 soil and sediment samples collected by Kannan and others. Attachment 3
contains the TEF calculation spreadsheets tor the three Kannan samples.

Kannan’s results raged from 1.271 ng kg TEC in the removed former Brine Impoundments to 56
ng kg in the LCP Ditch. which is proposed tor removal (Table 3).

D. ATSDR Turtle River Dioxin Health Consultation Fish Data - Qctober 1997

The October 1997 Turtle River Agency for Toxic Substances and Disease Registry (ATSDR)
Health Consultation presented dioxin fish data trom 1989 through 1994. The fish data presented
in the report were acquired by Georgia-Pacific staft from two Turtle River stations. one



immediately above the confluence of Purvis Creek with the Turtle River and the second near the
contluence of the East River with the Turtle River. Fish tissue dioxin data for the Chattahoochee
and Oconee Rivers. and the Sapelo Sound are also presented in the report tor the sake of
comparison. The Health Consultation concluded that tish dioxin concentrations were higher in
the Turtle River than in comparison areas: however. the dioxin levels found were well below the
Food and Drug Administration tolerance levels tor dioxin in fish. Attachment 4 contains the
ATSDR Turtle River Dioxin Contamination Health Consultation.

E. U.S. Fish and Wildlife 1998 Fish Dioxin Data

In May and June1998. the U.S. Fish and Wildlite Service collected killitish (Fundus
heteroclitis) tissue from mid-way along the LCP Ditch. Along with other parameters. the whole
body tissue was analyzed for dioxins furans. Attachment 3 contains documentation of the 1998
ULS. fish and Wildlite killitish sampling. as well as the TEF calculation spreadsheets tor the two
whole fish tissue killifish samples collected in 1998.

Note that almost all dioxin furan congeners were found to be below detection limits.
Consequently. because the calculated TECs assume each congener is present at one-half the
detection limit. the results are an overestimation of actual tissue levels. In addition. the
concentrations of dioxin furan in the whole fish tissue samples were taken trom killitish
collected trom the LCP Ditch during the marsh removal which also represent worst case
conditions. The TEC mammal concentration in samples KFO313MD and KFO71MD are 6.5 and
7.1 ng kg. respectively. also assuming one half the detection limit for the non-detected

dioxin furan congeners. The TEC fish concentration in samples KFO313MD and KFO71MD are
is 8.1 and 8.2 ng kg. The one half detection limit concentration predicts no NOAEL-level or
LOAEL-level risk to the river otter. Overall. the concentrations of dioxin furans measured in the
fish collected tfrom the Site are low and do not appear to present unacceptable risk to the
environment.

F. Honevwell Years 2000 and 2011 Sediment and Surface Water Data:

Five sediment and six surface water samples were collected and analyzed in 2000. during the
development of the baseline ecological risk assessment. Two of the vear 2000 sediment and
surface water samples were collected at background stations. located in Troup Creek (TC) and
the Crescent River (CR). During the summer of 2011. four sediment samples were collected
along the length of the former Altamaha Canal. south of the Site.

Tables 4a and 4b present the WHO (2003) TEC totals tor each of the 2000 and 2011 dioxin furan
analyses conducted by Honevwell. as well as the Aroclor-1268 results. Figure 4 shows the
locations of the year 2000 and 2011 Honevwell sampling stations. Attachment 6 contains the
TEF calculation spreadsheets for the nine sediment and six surface water samples collected
during the 2000 and 201 linvestigations.

Table 4a shows that PCDDs PCDFs were more elevated in both Eastern Creek samples. Whereas
the samples collected in the LCP Chemicals marsh contained an overwhelming proportion of
PCDFs. those collected south of the Site. in the former Altamaha Canal. contained an even
proportion of PCDDs and PCDFs. Both reference stations did not have detectable Aroclor-1268
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but did contain low concentrations of PCDDs PCDFs. Surtace water PCDD PCDF
concentrations at the LCP Chemicals marsh were not very difterent from those tound at the two
reterence stations (Troup Creek and Crescent River).

III.  Relationship Between Dioxin/Furans and Chlor-Alkali Sites

Al Relationship at Time of Generation

Until the late 1970s. chlorine gas produced by electrolysis of brine consisted of the use of
mercury cells containing graphite electrodes. Elevated levels of PCDFs have been found in
several samples of graphite electrode sludge from similar facilities in Europe. PCDFs
predominate in these sludges. and the heavier. more chlorinated congeners account for a large
fraction of the respective congener totals. During the 1980s. titanium metal anodes were
developed to replace graphite electrodes.

Although the origin of PCDFs in graphite electrode sludge is uncertain. chlorination of the cyclic
aromatic hydrocarbons (such as dibenzofuran) present in the coal tar used as a binding agent in
the graphite electrodes has been proposed as the primary source. A review of the data in
Attachments 1 and 2 indicate that PCDFs are more prevalent in the LCP chemicals marsh
sediments than dioxins. At the LCP Chemical Site. use of the highly chlorinated Aroclor-1268
to extend the lite of the graphite anodes may also have contributed to the creation ot PCDFs in
the graphite electrode sludge.

B. Dioxin TEC Gradients

As noted in the 1997 ERE. sediment dioxin TECs declined from an average of about 6.768 ng kg
[range 2.640 to 12.761 ng kg] in the vicinity of the removed FFDA to 138 ng kg at dioxin station
111. located over halt way down the LCP Ditch. at the contluence of the Eastern Creek with the
LCP Ditch. to a TEC of 6.9 ng kg at dioxin sampling station 117. where the LCP Ditch enters
Purvis Creek. (Figure 1). This represents a 1.000 fold reduction of TECs trom the removed
source area (the former facility disposal area) to Purvis Creek.

With exception of dioxin station 100. the Purvis Creek sediment dioxin TECs remain at single
digit parts per trillion downstream of where the LCP Ditch enters Purvis Creek. until the
contluence of Purvis Creek with the Turtle River. All the Turtle River sediment TECs remained
in the single digit part per trillion range (Table 1).

IV. Co-location and Dioxin Distribution and Remedial Alternatives

The PCDD PCDF and Aroclor-1268 sediment data presented in Tables 1 through 3 show a
strong relationship between Aroclor-1268 concentration and PCDD PCDF concentration. A
similar relationship was found at the Onondaga Lake and Ninemile Creek Superfund sites in
upstate New York.

At the Onondaga Lake Site. while PCDD PCDFs were determined to be both human health and
ecological risk drivers as a result of fish consumption in Onondaga Lake. they were not found to
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B. Ecological Risk

Attachment 7 contains the method used to estimate the sediment dioxin TEC protective levels
based on assumptions and calculations associated primarily with the 2.3.7.8-TCDD congener.
This method resulted in an estimated sediment concentration ot 260 ng kg TEC as a preliminary
remediation goal (PRG) tor the omnivorous mammal. such as the river otter. Similarly. the
calculated sediment PRG for fish is 32 ng kg TEC (protective of 95 %o of species). The PRG for
PCDD PCDF in fish tissue is 0.909 ng g lipid. These PRGs are considered very conservative
because they are based largely on 2.3.7.8-TCDD data from literature. whereas bioaccumulation
and toxicity data are generally not available for the other congeners. In addition. it is likely that
the heavier chlorinated turans. that are more prevalent in the LCP Chemicals marsh than dioxins.
partition from sediment to a lesser degree than 2.3.7.8-TCDD and thus would be less
bioavailable as well as less toxic. Furthermore. application of these sediment PRGs must take
into account the numerous congeners that are not detected but conservatively assumed to be
present at one half their detection limit.

VI.  Comparison of Protective Levels to In-Place Remaining Sediment Concentrations

Tables 1 through 4 identity those PCDD PCDF sampling stations which either have already been
removed or will be removed. The range of sediment concentration to remaining in-place after
the proposed remedy is between 2.7 and 33.6 ng kg dioxin TEC. The maximum concentration is
well below the dioxin-TEC concentration protective of the child. below the protective level for
protection of the omnivorous mammal and below the protective level for protection ot 900 of
fish species. The maximum concentration is moderately above the highly conservative PRG
protective of 95%0 of fish species.

Due to the uncertainty related to limited sediment samples analyzed tor dioxin furans. it is
recognized that additional PCDD PCDF sampling will be required to contirm the dioxin furans
conceptual Site model. i.e. that Aroclor 1268 and dioxin furans are co-located and that
remediating the tormer will reduce dioxin turans concentrations to acceptable levels. The
additional sampling of the areas not proposed for either removal or covering should take place
during the remedial design.
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FIGURE I Map of the LCP Chemicals Superfund Site in Glynn County near the city of
Brunswick, Georgia, showing soil and sediment sampling locations. (ES — Excavation soil,

MS — Marsh sediment, CS — Creek sediment).

Figure 3: Kannan and others Sediment Sampling Locations
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Estimation of Dioxin 2,3,7,8-TCDD protective levels in sediment of LCP
1. Estimation of Bioaccumulation Factors and Biota to Sediment Accumulation

Howell et al. 2011 measured the BAFs for 2,3,7,8-TCDD bioaccumulation in crabs and fish of the
Houston Ship Channel, Texas. (Figure 3 of Howell et al. 2011)

Bioaccumulation Factor (BAF) for crabs = 1,550 L water/ g lipid
Bioaccumulation Factor (BAF) for fish = 1,200 L water/ g lipid

Lodge
Literature Reported Ko for 2,3,7,8-TCDD = 12,600,000 L water/kgoc 2002

3.2%
403,000 L water/ kg sed

Total Organic Carbon in LCP Sediment
Estimated site-specific K, for 2,3,7,8-TCDD

Lipid Contents of Fish and Crabs at LCP

Estimated Dioxin
Lipid BAF, L Estimated
Content, water/kg BSAF, Kg sed
wet tissue- / kg tissue-
weight dw* dw'
Fiddler Crab 3% 186,000 0.46
Blue
Crab 5% 310,000 0.77
Mummichog 10% 480,000 1.19
Finfish 5% 240,000 0.60

*Assume 75% moisture content in tissue

' Estimated BSAF = Estimated BAF / Estimated Site-specific Kp

Koc = Organic carbon partition coefficient, L water/ kg oc

Kp = Sediment-water partition coefficient, L water/ kg sed

References:
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Measured lipid content in the two killitish samples was 0.5%0 (KMO313MD) and 1.1%
(KMO701MD).

The actual lipid content in Killitish sample KMOS313MD was 0.5%
8.1 ng kg TEQ 35 glipid tish = 1.6 ng TEQ/ g lipid

The actual lipid content in killifish samples KNO701MD was 1.1%
82ng kg TEQ 11 glipid tish = 0.75 ng TEQ/ g lipid

Concentrations of dioxin in the two killifish samples are greater than 0.386 ng TEQ kg-lipid and
is estimated not to be protective. Note that the overwhelming contribution is due to the use of
one half the detection limits for those congeners that were found to be below detection limits.

EDD (ng kg-day) = 0.33 kg dry food ingestion day 6.7 kg-bw

0.0000016

.58 016
NOAEL
HQ LOAEL HQ

Slight risk to fish-eating mammal but only if all detection limits were used to estimate concentration of non-
detects.
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