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Purpose 

This technical note describes testing conducted to determine the partitioning 
of contaminants between sediment organic carbon and sediment interstitial 
water, assess the effects of sediment organic carbon upon Koc of selected PCBs 
and fluoranthene, and investigate the effect of time of contact between contami- 
nants and sediment upon the value of Koc. 

Background 

The U.S. Environmental Protection Agency is authorized to develop and im- 
plement sediment quality criteria (SQC) under section 304(a) of the Clean 
Water Act.   SQC, when promulgated, will profoundly affect U.S. Army Corps    •' 
of Engineers (USACE) dredging and disposal operations.   Aquatic disposal of     j 
dredged material and selection of aquatic disposal sites will be based on SQC. 
Most SQC approaches currently under development involve a determination of j 
the relationship between contaminant concentrations in sediment and biological 
effects on organisms exposed to the contaminated sediment.   The USACE is 
presently investigating the link between contaminant levels in sediment and 
sediment geochemistry, as well as contaminant levels and effects in aquatic or- 
ganisms.   Knowledge of these interactions will provide the Corps with a 
means of evaluating the adequacy of proposed SQC approaches for estimating    'ty Codes 
the potential impacts of dredged material disposal. 
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Introduction 

Sediment organic carbon has been identified as the most important factor 
controlling partitioning of nonpolar organic contaminants between sediment 
and water (Karickhoff 1981).   Studies have also shown that partitioning of non- 
polar organic compounds is strongly related to the octanol-water partitioning 
coefficient of the compound (Karickhoff 1981).   Sediment concentrations ex- 
pressed on a total organic carbon (TOC) basis have been used to predict con- 
centrations of nonpolar organic compounds in sediment pore water for use as 
sediment quality criteria by the U.S. Environmental Protection Agency (EPA) 
(Brannon and others 1990). 

The EPA approach for predicting interstitial water concentrations is called 
the Equilibrium Partitioning (EP) approach.   The EP approach allows estima- 
tion of the concentration of a contaminant in interstitial water from sediment 
contaminant concentrations normalized to organic carbon.   The calculated inter- 
stitial water concentrations are then compared to water quality criteria.   If the 
predicted sediment interstitial water concentration for a given contaminant ex- 
ceeds its chronic water quality criterion, the sediment is categorized as contami- 
nated (Brannon and others 1990). 

Prediction of pore-water contaminant concentrations based on values of Koc 

(derived from Kow, the octanol/water partition coefficient), total organic carbon 
content, and total contaminant concentration is likely to be incorrect.   Mea- 
sured pore-water concentrations have been shown to differ significantly from 
predicted values (Brannon and others 1991 and Steinberg, Pignatello, and 
Sawhney 1987).   These differences can result from lack of equilibrium in the 
system or from factors related to organic matter composition (Gauthier, Seitz, 
and Grant 1987, Grathwohl 1990, Whitehouse 1985, and Schrap and Up- 
per huizen 1989) or other sediment factors affecting sorption capacity 
(Mingelgrin and Gerstl 1983).   The source of organic matter affects the partition- 
ing behavior of nonpolar organic compounds and can result in large variability 
in measured values of Koc.   Gauthier, Seitz, and Grant (1987) reported that Koc 

can vary by a factor of 10 as a function of organic carbon aromaticity. 

».   The laboratory experiments described in this technical note were designed to 
examine the relationships between sediment organic carbon and sediment inter- 
stitial water, the effects of sediment organic carbon on Koc of selected polychlo- 
rinated biphenyls (PCBs) and fluoranthene, and the effects of time of contact 
between contaminants and sediment on interstitial water partitioning. 

Materials and Methods 

Three sediments of varying TOC content were used in this study — Hamlet 
City Lake sediment (9.0 percent TOC) from Hamlet, North Carolina; U.S. Army 
Engineer Waterways Experiment Station (WES) reference soil (silt) (0.5 percent 
TOC) from Vicksburg, Mississippi; and sediment from Brown's Lake (2.8 per- 
cent TOC), a freshwater lake in Vicksburg, Mississippi.   These sediments were 
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amended with 10 ug of either radiolabeled PCB 52 (2,2',5,5'-tetrachlorobiphenyl- 
UL-14C), PCB 151 (2,2',3,5,5',6-hexachlorobiphenyl-UL-3H), or fluoranthene (3- 
14C-fluoranthene) per g dry sediment weight using methods described pre- 
viously (Brannon and others 1989).   Sample bottles containing the sediments 
were stored upright to allow the sediments to settle and maintain a water 
cover.   Samples were incubated for up to 180 days, with samples taken at inter- 
vals.   At all sampling periods, concentrations of free and bound PCB 52, PCB 
151, and fluoranthene were determined in the interstitial water using reverse 
phase partitioning (Landrum and others 1984). 

Results and Discussion 

Interstitial Water 

Concentrations of free contaminants in interstitial water generally decreased 
or remained constant over time (Figure 1), even though the fraction of bound 
contaminant (contaminant complexed with dissolved organic carbon and 
microparticulates) remained essentially constant.   For this reason, average val- 
ues rather than time-dependent values of the bound contaminant fraction are 
given (Table 1).   Decreases in concentrations of free contaminant are consistent 
with movement of nonpolar organic contaminants into interparticle organic 
matter pores over time (Brusseau and Rao 1989), resulting in decreased intersti- 
tial water concentrations. 

Table 1.   Average (Standard Error) Fraction of Bound Contaminant in 
Interstitial Water during 180 Days of Testing 

Contaminant Brown's Lake Hamlet City Silt 

PCB 151                         0.34 (0.03)                     0.36 (0.02) 0.29 (0.03) 

PCB 52                         0.05 (0.009)                   0.08 (0.02) 0.04 (0.004) 

Fluoranthene 0.16 (0.03) 0.04 (0.004) 0.05 (0.017) 

Contaminant Koc Values 

The ability of EP to predict interstitial water PCB 52, PCB 151, and 
fluoranthene concentrations in sediment was tested by comparing estimated 
Koc with measured Koc values.   Koc is the partition coefficient for sediment or- 
ganic carbon and is one of the key components used in EP for predicting inter- 
stitial water concentrations.   Estimated Koc values were computed by substitut- 
ing values of log Kow (octanol/water partition coefficient) for fluoranthene (5.5) 
(Tetra Tech 1985), PCB 52 (5.84), and PCB 151 (6.64) (Hawker and Connell 
1988) in Equation 16 from Karickhoff (1981) that relates Kow to Koc.   These 
calculations resulted in estimated Koc values of 5.09, 5.43, and 6.22 for 
fluoranthene, PCB 52, and PCB 151, respectively.   Measured values of Koc were 
determined by dividing the TOC normalized sediment concentration of PCB 
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Figure 1.   Concentrations of free PCB 151, PCB 52, and fluoranthene in interstitial water 
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52, PCB 151, or fluoranthene by the free interstitial water concentration of the 
respective compounds. 

Measured log Koc values for PCB 151 ranged from approximately 4.2 to 4.9 
and did not vary greatly between sediments (Figure 2).   Furthermore, log Koc 

values for PCB 151 generally increased as exposure time in the sediment in- 
creased.   Measured values of log Koc for PCB 151 were considerably lower 
than the estimated value. 

Measured values of log Koc for PCB 52 and fluoranthene were in relatively 
close agreement for silt and Brown's Lake sediment, but were considerably 
higher (0.5-0.9 log units) in Hamlet Lake sediment (Figure 2).   Measured val- 
ues of log Koc for PCB 52 generally increased over time, similar to the results 
for PCB 151.   Measured values of log Koc for PCB 52 were generally lower 
than the estimated value of log Koc, except for Hamlet Lake sediment, which 
was slightly higher.   Measured values of fluoranthene log Koc generally in- 
creased over time and were lower than the estimated value, at times by as 
much as a full log unit. 

Measured log Koc decreased as sediment TOC content decreased for PCB 52 
(Figure 3).   Fluoranthene log Koc varied in the same manner as did PCB 52 
until TOC reached 2.8 percent, when no further change was noted.   PCB 151 
varied only slightly with sediment TOC.   Ideally, measured values of log Koc 

should remain constant as TOC changes if EP reliably predicts free interstitial 
water concentrations of nonpolar organic contaminants.   This situation was ob- 
served only for PCB 151.   The deviation of measured Koc values from esti- 
mated values and the dependence of measured PCB 52 and fluoranthene Koc 

values on sediment TOC concentrations indicate that predictions of free intersti- 
tial water contaminant concentrations from EP are not reliable for all com- 
pounds.   This may result from factors such as clay content and clay species in- 
creasing the sorption capacity of the sediment over that of the organic matter, 
resulting in a decrease in measured Koc. 

Summary of Findings 

Changes in Koc over time and among sediments depended upon the com- 
pound tested.   Values of Koc measured using free interstitial water concentra- 
tions did not agree with estimated Koc for all compounds and in all sediments. 
Estimated values of Koc were generally substantially higher than measured val- 
ues of Koc.   This was especially true of PCB 151 and fluoranthene in all sedi- 
ments tested.   For PCB 52, PCB 151, and fluoranthene, Koc also generally in- 
creased as incubation time increased, indicating that sorption processes that re- 
duced the free concentration of these compounds in the interstitial water were 
continuing.   PCB 52 and fluoranthene Koc also showed a marked dependence 
on sediment TOC concentration, generally decreasing as sediment TOC 
decreased. 
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Figure 2.   Measured log Koc for PCB 151, PCB 52, and fluoranthene 
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Figure 3.   Measured log Koc following three months incubation as a function of sediment TOC 

The data indicated that a high degree of uncertainty exists for Koq values 
among sediments and compounds.   This can result in either over estimation or 
underestimation of free interstitial water contaminant concentrations when 
using equilibrium partitioning, estimated Koc values, and TOC.   Predictive 
methods with a high degree of uncertainty are not good regulatory tools.   The 
factors affecting Koc must be better understood before rigid regulatory criteria 
are promulgated. 
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