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From the late 1940°s until 1977 two General Electric Plants discharged 200,000 -
1.3 million pounds of polychlorinated biphenyls (PCBs) into the upper Hudson River.
Field studies and detailed modeling efforts indicate that PCB release from sediments
under realistic mixing conditions determines the efficiency of both ‘natural recovery’ and
proposed dredging operations. In this study, Hudson River sediment was resuspended
into clean water in large mesocosms. The desorption rates of individual PCB congeners
were determined by measuring dissolved PCB concentrations using solid-phase
microextraction.

Immediately following the initiation of resuspension, large particles with an
average median diameter of 140 + 14 um were lifted into the water column. Dissolved
PCBs rose rapidly and after two hours of resuspension 6 to 38% of the PCBs in the water
column were in the dissolved phase. Rate constants for this rapid release ranged from

0.04 to 0.34 hour™ and decreased significantly as log Ko of the PCBs increased. Both



the total suspended solids concentration and dissolved PCBs reached steady state in 24
hours. At steady state the flocs volume median diameter averaged 112 + 3 um, porosity
averaged 0.90 £+ 0.02, and 15-50% of the resuspended PCBs were dissolved. The PCB
concentration on resuspended particles was an average of two times greater than the bulk
sediment PCB concentration and 8% of the resuspended mass did not settle after twenty
hours without mixing. At steady state the particle-water PCB partition coefficients were
similar to values measured in the Hudson River and constant across the range of
congeners examined. With only one-day quiescence between resuspension events the
percent of dissolved PCBs at steady state decreased significantly from the first to the
third resuspension event (p = 0.02). When quiescent time was increased to four days,
there was no change in the percent dissolved PCBs at steady state for the low molecular
weight congeners (Log Koy < 5.85, p = 0.45). This analysis suggests there was a large
release of PCBs from particles when they were initially resuspended; however, chronic
resuspension resulted in less PCB release per event due to the slow recharge of a labile

pool.
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Chapter 1: Introduction

1.1 Background

Polychlorinated Biphenyls (PCBs) were once widely used as insulators in
electrical products such as transformers and capacitors. They were produced in the
United States from the late 1940s until the Toxic Substance Control Act banned their
production in 1979. During this time period, the General Electric Corporation (GE) used
PCBs at two plants along the upper Hudson River in the manufacturing of electrical
capacitors. Estimates indicate that while these two plants were in operation they released
between 200,000 and 1.3 million tons of PCBs into the Hudson River (USEPA 2001).
There are 209 possible PCB compounds or congeners, each with a different number or
pattern of chlorine atoms bonded to the biphenyl structure. The mixture used at the
General Electric plants, known as Aroclor 1242, contained primarily tri and tetra
chlorinated PCBs. These PCBs were in an oily liquid form and readily bind to sediments
and soils when released into the environment.

The upper Hudson River runs 40 miles from Hudson Falls, NY to the Federal
Dam in Troy, NY. This stretch of the river is surrounded by farmland and recreational
use of the river is an important part of local residents’ lifestyle. In 1984, all fishing in
this area was banned because of high PCB concentrations in fish. This ban has since
been replaced by a catch and release policy, but fish consumption is still prohibited (NYS
DH, 1998). PCBs released from the two GE plants concentrated in an area just south of
the plants known as the Thompson Island Pool (TIP, Figure 1.1). The PCB concentration

of the sediment in this area is as high as 100 ug g™. PCB release over the dam transports
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contaminants as far down river as New York City. The entire 200-mile stretch of the
river from Hudson Falls to the Battery in New York City was declared a “Superfund” site
in 1984 due to severe PCB contamination. It is among the largest Superfund sites in the
country (USEPA, 2000).

The river’s sediment is the largest reservoir of the PCBs in the system and the
primary source of PCBs to the water column (Thomann et al. 1991). A mass balance
analysis based on the total PCB concentration (dissolved + particulate) of water flowing
into and out of the TIP highlights the contribution of the sediment to the PCB burden in
the water column. Water flowing from Fort Edward transports approximately 30 kg
PCBs year ! into the TIP, water flowing out of the TIP transports 180 kg PCBs year™
down river suggesting 150 kg PCBs year™ are released from the sediment in TIP (Baker
etal., 2001). PCBs can be remobilized from the sediment back into the water column by
diffusion or resuspension. Only PCBs that are dissolved, desorb, or are associated with
colloidal particles can exchange from the bedded sediment to the water column by
diffusion. Since most of the PCBs in the sediment are bound to non diffusing particles,
resuspension and subsequent desorption impacts the dissolved PCB concentration more
than diffusion from bed sediment. Resuspension of surficial sediments occurs naturally
during high river flows. Mass balance calculations indicate these events are adding large
amounts of PCBs to the Hudson River (Baker et al., 2001).

The clean up of PCB contaminated sites such as the Hudson River focuses on
minimizing the concentration of PCBs in fish. This emphasis is based on the mission of
the Environmental Protection Agency (EPA) to protect human health. The primary risk

to humans from PCB contaminated waters is through the consumption of contaminated



fish (USEPA, 2000). When humans consume fish from the Hudson River they ingest
PCBs, which are considered a probable human carcinogen. PCBs bioaccumulate or
increase in concentration as trophic level increases. Aquatic organisms accumulate
contaminants from both their food and the surrounding water. For example, fish obtain
their PCB burden from their prey and from diffusion of PCBs into their system from the
dissolved phase as water passes over their gills. In order to reduce the concentration of
PCBs in fish, the PCB concentration of the lower trophic organisms (their prey) needs to
be reduced and dissolved PCBs should be lowered (USEPA, 2000). Ultimately this
means the concentration of PCBs in the river needs to be reduced.

To accomplish this goal, the EPA recommends dredging nearly 40 miles of the
Upper Hudson River to remove contaminated sediment and decrease the amount of PCBs
in the system (USEPA, 2000). One of General Electric’s criticisms of the EPA’s plan to
dredge the Hudson River is that it might “resuspended PCBs, increasing PCB levels in
fish in the rest of the Upper Hudson” (GE, 2001). In contrast, the EPA estimates that
current dredging technology can minimize the release of PCBs and any increases in fish
PCB burdens as a result of dredging will only be temporary. One of the reasons dredging
is the EPA’s preferred remedy is because it thought to be the fastest way to reduce PCB

concentrations in fish (USEPA, 2000).

1.2 PCB Desorption

The release of PCBs to the dissolved phase during resuspension events is typically
modeled by incorporating resuspension rates generated in sediment transport models into

PCB fate models. Connolly et al. (2000) modeled PCB transport in the Upper Hudson



River by linking sub-models for hydrodynamics, sediment transport, PCB fate and PCB
bioaccumulation. The sediment transport model predicted resuspension rates for
cohesive and non-cohesive sediments that were incorporated into a PCB fate model. The
flux of PCBs from the sediment during resuspension events was calculated by coupling
the resuspension rates with the surficial sediment PCB concentrations. The PCB fate
model assumed the resuspended particles had the same PCB concentrations as the
surficial sediment and that the resuspended particles instantly equilibrated with the
dissolved phase. These two assumptions are commonly made in PCB fate models and
play an integral role in evaluating the impact of remediation plans.

Karickhoff et al. (1979) observed that the partitioning of hydrophobic organic
contaminants (HOCs) to a variety of sediment types depended on the octonal water
partitioning (Kow) coefficient of the hydrophobic organic contaminant (HOC) and the
fraction of organic carbon present in the sediment. They developed an equation to
predict the equilibrium-partition coefficient based on these two parameters and
formulated a new parameter, the organic carbon normalized partition coefficient (Ko).
Field measurements, however, have only found weak correlations between measured
partition coefficients, suspended solids organic carbon content, and K,,. Additionally,
there is wide scattering in field measurements of Ko, and for a single congener the
measured K, value often varies by over an order of magnitude at a given site (e.g. Baker
et al. 1991, Gobas et al. 2003, Sobeck et al. 2004). In the Hudson River, the deviation
from Karickhoff’s prediction is especially pronounced for the low molecular weight

congeners (Figure 1.2 data from Butcher et al., 1998). Explanations for these
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Figure 1.2. Organic carbon normalized partition coefficients of various PCB congeners
measured in the Hudson River compared to the values predicted by Karickhoff (data from
Butcher et al. 1998).



observations fall into three categories: colloidal interference, non-equilibrium, or the
presence of a super sorbent.

In the colloid theory, the inclusion of colloids in the dissolved phase measurement
biases the calculation of the partition coefficient. For example, Butcher et al. (1998)
theorized that DOC bound PCBs in the Hudson River accounted for a significant fraction
of the measured dissolved concentration of high molecular weight PCBs. They suggest
that the truly dissolved concentration was lower than measured by XAD extraction. In
this case correcting for DOC would actually enhance the observed deviation from
Karickhoff’s prediction. However, the slope of the relationship would be similar to the
slope predicted by Karickhoff. The non-equilibrium theory attributes the natural
variability in partition coefficients to the amount of time the particles were resuspended
in the water column. Valsaraj and Thibodeaux (1999) re-analyzed field data from a
variety of studies and showed the variation in Ko could be caused by differences in the
amount of time the particles had been suspended in the water column. As with the
colloidal theory, correcting for this effect would enhance the observed deviation more for
the high Ko, congeners since they equilibrate more slowly. In the super sorbent theory
black carbon absorbs PCBs more strongly than organic carbon. Natural suspensions of
particles are heterogeneous mixtures containing both organic and black carbon. Partition
coefficients measured in the field reflect partitioning to all forms of carbon. The
presence of even small concentrations of black carbon greatly increases the binding of
PCBs to particles. As a result, this phenomenon could explain why field measurements
are higher than predicted by Karickhoff. It is possible that a combination of these

theories may apply in the field.



A large body of literature shows that desorption of hydrophobic organic
contaminants from suspended sediment is slow relative to the time scales of sediment
transport and resuspension events (e.g., Wu and Gschwend, 1986; Jepsen and Lick,
1996). During resuspension events, sediment particles are not in the water column long
enough for the particulate PCB concentration to reach equilibrium with dissolved phase.
For example, Jespen and Lick (1996) conducted batch mixing experiments with sediment
and water spiked with carbon-14 labeled 4, 4’ dichlorobiphenyl (DCB). Equilibrium
between the dissolved and particulate phase of DCB was achieved only after five to 15
days. Higher molecular weight congeners, such as the hexachlorobiphenyls, took up to
30 days to reach equilibrium (Jespen and Lick, 1996). Resuspension events typically last
on the order of hours to a few days, significantly shorter than the time needed to reach
equilibrium.

Cheng et al. (1995) compared the time scale to reach equilibrium (t) to the
resuspension time scale (t;) for particles in the Buffalo River. The magnitude of t.
depended on the properties of the sediment, such as radius and porosity, whereas the
magnitude for t, depended on the flow conditions and density of the particle aggregates.
The authors estimated the resuspension time scale using four different scenarios. The
first two scenarios assumed that the particles settled according to Stokes Law. The
second two scenarios assumed turbulence also influenced the particle settling velocity.
Under all four conditions t<<t, and equilibrium assumptions were not valid. The

dynamics of the system governed the amount of PCB desorbing from the particles.



1.3 Desorption Rate Models

Numerous studies demonstrate that PCB desorption from sediment and soil can be
modeled as a two-stage process; the first (‘labile’) is rapid and the second (‘resistant’) is
slow. For example, Carroll et al (1994) observed this two-stage desorption of PCBs from
Hudson River sediment. A rapid (labile) fraction was defined as that which desorbed in
24 hours and a resistant (slowly ) desorbing fraction was identified and shown to require
over one year to fully desorb. Girvien et al. (1997) examined PCB desorption from
contaminated soils and found that a labile fraction could be defined as that which
desorbed in 48 hours whereas the remaining resistant fraction continued to desorb for the
entire six month duration of the study. Cornelissen et al. (1997) suggested that PCB
desorption might be more effectively modeled as a three stage process, the first rapid
labile phase was defined as the portion lasting ~ 10 hours, the second slow resistant phase
was defined to lasts weeks, and a third very slow or very resistant phase continued to
desorb for months.

The exact mechanisms underlying the multiple stage desorption process are not
known. One model to describe the observed biphasic desorption is the radial diffusion
model described by Wu and Gschwend (1986, 1988). In this model sediment particles
are considered homogeneous spheres with uniform tortuosity and porosity and diffusion
is assumed to occur only in the aqueous phase. The rate of aqueous diffusion of the
sorbate within the particle, or the effective diffusivity, limits the amount of desorption.
The effective diffusivity of the sorbate within the particle is described by the following
equation where ¢ is the porosity of the aggregate, D, is the molecular diffusivity in water

(cm?s™), ps is the dry density (g cm™), and K, is the partition coefficient (cm’g™).
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In the above equation the numerator represents the reduction in molecular diffusion due
to the tortuosity of the particle and the denominator reflects the retardation of diffusion
due to local microscale partitioning. Larger particles approach equilibrium more slowly
than smaller particles because they have longer diffusion path lengths. Resuspensions
contain heterogeneous mixtures of particle sizes and the observed multi-staged aggregate
diffusion is modeled as the sum of diffusion from different sized particles (e.g. Wu and
Gschwend 1988, Ball and Roberts 1991, and Kleineidam et al. 2004). Such diffusion
models are inherently non-linear due to the fact that the rate of diffusion scales to the size
of the particle.

Organic matter diffusion (OMD) models or permeant/polymer diffusion models
are an alternative to the radial diffusion model for describing the sorption of HOCs onto
particles (see review by Pignatello and Xing, 1996). These models consider organic
matter to be a polymer and diffusion through different phases of the polymer accounts for
the observed two stages of desorption. The first rapid phase of desorption represents
diffusion through the open rubbery form of the organic matter and the second slower
phase represents diffusion through the glassy and condensed form of the organic matter.
Carroll et al. (1994) modeled HOC desorption from Hudson River sediment using a
permeant/polymer diffusion model and literature data describing the diffusion of 4-
chlorobiphenyl in glassy polystyrene to represent diffusion in the rubbery open phase of
the organic matter. The diffusion coefficient in the glassy condensed phase was then
calculated based on the coefficient in the glassy phase. Variations in natural organic

matter make choosing a polymer to model organic matter difficult and limit the
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widespread applicability of this approach. Additionally, diffusion kinetics in polymers is
highly variable and depends on a range of factors including polymer structure and
particle size distribution (Pignatello and Xing, 1996).

Both the radial diffusion model and permeant/polymer diffusion model describe
the two-phased sorption of HOCs onto particles. Unfortunately both models require
detailed knowledge about specific particle properties that are not easily measured.
Several other kinetic models of the desorption process have also been proposed including
first order (ten Hulscher et al. 1999), multiple first-order (e.g. Cornelisen et al. 1997), and
one compartment models (e.g. Karickhoff and Morrison 1985). These models do not
have mechanistic underpinnings for desorption and rate constants are estimated by fitting
the models to the data.

There are several methods to model the first labile phase of desorption as a first
order Kkinetic process and the diffusion coefficient in the Wu and Gschwend model is
correlated to the first order rate constant according to the equation below (Wu and
Gschwend, 1988)

k = c(Det/r’) ()

where k is the first order kinetic coefficient (s™), Det is an apparent diffusion coefficient
(cm s™), r is the particle radius (cm), and « is a correction factor that depends on K, and
ps. This modified first order model matches the radial diffusion model at t;/, because k is
set according to this criterion. The deviation of the kinetic model from the radial
diffusion model increases with K,ps. While this model does not fit experimental data as

well as the radial diffusion model, kinetic models similar to this one accurately predict
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desorption during the first rapid phase of the process (Pignatello et al. 1993; Pedit and
Miller, 1994).

Estimates of the labile rate constants vary widely and range from 0.0003 to 0.2
hours™ (Table 1.1) depending on the type of sediment examined, the model used to
estimate the rate constant, and the molecular weight of the PCB. The percent of PCBs in
the labile pool also varies considerably. For example, Cornelissen et al. (1997) spiked
sediment with PCBs and found between 70-85% were in the labile pool when the
sediment was only allowed to equilibrate for 2 days before desorption experiments were
initiated. When the equilibration time increased to 37 days, 33-52% of the PCBs were in
the labile pool. Carroll et al. (1994) found that between 55-76% of the PCBs in Hudson
River sediment were in the labile fraction. Resistant rate constants are estimated to be
two to three orders of magnitude less than the labile rate constants (Ghosh et al. 1999,
Cornnelissen et al. 1997). Since resuspension events typically last on the order of hours
to days and it is unlikely particles in rivers are suspended into the water column long
enough for the resistant fraction to desorb.

It is unclear whether the labile pool is replenished from the resistant pool as
sediments sit unmixed on the river bottom. If PCBs rapidly migrate from the resistant
pool to the labile pool, then every time a particle is lifted from the sediment bed it will
undergo the first rapid labile stage of the desorption process. On the other hand, if PCBs
diffuse slowly into the labile pool, desorption during resuspension events will largely be a
result of the second slower resistant stage of the desorption curve. Spectroscopic
investigations of the binding of 1,2 dichloroethane (DCA) to humic and fulvic acids by

Aochi and Farmer (1997) showed two different sorbed species. The first species was
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Sediment PCB congener k labile (hours™) Source
. . Ten Hulscher et al.
Rhine River PCB 28 0.20 2002
HF‘;SZ?” tPCBs 0.008 Carroll et al. 1994
PCB 18 0.008
Hudson PCB 49 0.037 Lamoureux and
River PCB 52 0.044 Brownawell 1999
PCB 101 0.032
Clgr?g?;?;(;g q PCB 65 0.058 Cornelissen et al.
for 2 days PCB 118 0.045 1997
clo_r?g ?rr]?:]oag q PCB 65 0.12 Cornelissen et al.
for 34 days PCB 118 0.11 1997
Laboratory
contaminated “cTCBP 0.05-0.17 Kukkonen et al. 2003
for 110 days
Laboratory
contaminated YC HCBP 0.03-0.16 Kukkonen et al. 2003
for 60 days
Laboratory
contaminated Yc TCBP 0.08-0.15 Leppanen et al. 2003
for 2 days
Alcoa di_-cullori_nateg zggs 83‘11
. tri-chlorinate S :
sed;rgoe gt at tetra-chlorinated PCBs 0.02 Ghosh et al. 1999
tetra-chlorinated PCBs 0.01
PCB 18 0.004-0.06
PCB 28 0.001-0.05
PCB 33 0.003-0.08
PCB 40 0.002-0.06
Soils from PCB 42 0.002-0.05
utility PCB 44 0.002-0.06 o
industry PCB 49 0.002-0.06 Girvin et al. 1997
stations PCB 52 0.002-0.05
PCB 66 0.001-0.05
PCB 70 0.0005-0.05
PCB 87 0.0002-0.02
PCB 97 0.0002-0.01
PCB 101 0.0003-0.03

Table 1.1 Labile rate constants for PCB desorption.
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labile and sorbed to the organic matter within 30 minutes. The second species was
detected only after several hours of sorption and increased in intensity throughout the
experiment. Results from this experiment suggest chemicals may rapidly diffuse into and
out of the labile portion of the particles during resuspension and settling; however, PCBs

are much larger molecules than DCA.

1.4 Impact of Shear Stress and Turbulence

The surfaces of cohesive particles are charged and electrostatic interactions as
well as VVan der Waals forces cause the particles to attract each other. As a result, in the
water column cohesive sediment particles do not behave as individual grains but instead
interact and form flocs. Flocculation changes the porosity and density of the resuspended
particles and, as predicted by the radial diffusion model, it might also change the rate of
PCB desorption.  Fluid shear stress, Brownian motion, total suspended solids
concentration, salinity, and differential settling are the critical factors affecting floc
formation and breakup (Burban et al., 1990; Manning and Dyer, 1999; Tsai et al., 1987).
The common approach to study PCB desorption involves vigorously shaking or mixing
sediment water slurries. This mixing at high solids concentrations results in the rapid
formation of small dense particles and prevents an evaluation of the impact of floc
formation on the rate of PCB desorption.

Lick and colleagues conducted a series of experiments to evaluate the impact of
flocculation on the sorption process using sediment collected from the Detroit River
(Borglin et al. 1996; Lick and Rapaka, 1996; Tye et al. 1996; Jespen and Lick, 1996;

Jespen et al. 1995). These studies found that the higher the initial suspended sediment
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concentration, the longer the dissolved and particulate phase of hexachlorobenzene
(HCB) and several PCBs took to reach equilibrium. Floc formation significantly
impacted this result (Table 1.2). At a total suspended solids (TSS) concentration of 10
mg L*, floc formation and sorptive equilibrium both reached steady state in
approximately 60 hours. At this suspended solids concentration the flocs were light and
watery with a density of 1.008 g cmand a porosity of 0.995. As the suspended sediment
concentration increased, flocs formed more quickly and sorptive equilibrium was reached
more slowly. At a TSS concentration of 500 mg L™ steady state floc formation was
reached in 4.5 hours but sorptive equilibrium wasn’t reached for 480 hours. At this TSS
concentration the bulk density of the flocs was 1.41 g cm™ and the porosity of the flocs
was 0.74 (Tye et al. 1996). Most laboratory studies examining the rate of PCB
desorption were conducted at high total suspended solids concentrations and it is likely
the rate of desorption would be faster at lower suspended solids concentrations.

In addition to flocculation, the amount of sediment resuspended also impacts the
rate of PCB desorption. Sediment resuspension or erosion occurs when the bottom shear
stress exceeds the critical shear stress required to lift a particle off of the bed. The critical
shear stress required to initiate resuspension determines the amount of sediment
resuspended and depends on the properties of the sediment bed and. For example, in
Baltimore Harbor, the critical shear stress for resuspension is 0.5 dynes cm™ when a
bottom floc layer is present and 1 dyne cm™ for consolidated beds (Maa et al., 1998). It
is difficult to realistically resuspended sediment in the laboratory and simultaneously
measure PCBs. As a result, only a few studies have attempted to simulate the bottom

shear stress typically encountered in a river.
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Time to Steady

Concentration State Floc Time to Sorptive Implications
(mg L™ Formation Equilibrium (hours) P
(hours)

2 228 24 Tfloc formation ==
Tsorptive equilibrium

10 63 60 THloc formation =
Tsorptive equilibrium

100 85 288 Tfloc formation <<
Tsorptive equilibrium

500 4.5 480 Tfloc formation <<
Tsorptive equilibrium

21000 25 520 Tfloc formation <<
Tsorptive equilibrium

10’000 1.2 840 Tfloc formation <<

Tsorptive equilibrium

Table 1.2. The impact of floc formation on the time to hexachlorobenze sorptive

equilibrium (data from Tye et al. 1996).
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Latimer et al. (1999) used a particle entrainment simulator (PES) to resuspend
sediment at regulated shear stresses. The PES created shear stress by oscillating a grid in
the water column over a sediment core. This movement produced realistic bottom shear
stresses but the water column turbulence was unrealistically high. The authors measured
particulate PCBs but not dissolved PCBs due to water volume limitations. This study
found that at a bottom shear stress of 2 dynes cm?, the resuspended particles were
enriched in PCBs and organic carbon relative to the bulk sediment. As shear stress was
increased, both the organic carbon content and PCB concentration of the resuspended
particles decreased. At a shear stress of 5 dynes cm, the PCB concentration of the
resuspended material was the same as the bulk sediment. Alkhatib and Weigand (2002)
used a PES to examine the release of PCBs from sediment spiked with PCBs in the
laboratory. This study also found that the mass of PCBs resuspended at 2 dynes cm™ was
greater than the bulk sediment PCB concentration. These studies suggests that models
assuming the PCB concentration of particles resuspended at low shear stress is equal to
the sediment concentration will underestimate PCB release into the dissolved phase.

In rivers, bottom shear stress and water column turbulence are closely linked.
Together these two parameters determine the amount of sediment resuspended and the
properties of the resuspended flocs. Previous studies show that both phenomena reach
steady state on similar time scales (Lick et al., 1995; Maa et al., 1998). However, the
apparatus used to study resuspension and flocculation did not generate realistic levels of
water column turbulence and bottom shear stress simultaneously. As a result, laboratory
studies often examine these two processes separately. In the flocculation studies

conducted by Lick and colleagues, suspended solids were added to an apparatus that
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could apply shear to the water column. The sediment could not be lifted off the bed in
these studies. The studies examining the impact of shear stress on PCB resuspension did
not accurately simulate water column turbulence levels (Latimer et al. 1999, Alkhatib and
Weigand 2002). In order to realistically conduct resuspension studies and examine PCB
desorption under natural conditions, several key variables need to be reproduced
including turbulence intensity, energy dissipation, bottom shear velocity and mean flow
speed (Sanford, 1997).

The amount of PCBs released from the sediment during resuspension events
depends on the amount of sediment resuspended, the residence time of the particles in the
water column, and the rate of desorption. Both the physical mixing of the water column
and the chemical properties of the HOCs and sediment influence these variables. For
example, water column turbulence and bottom shear stress govern the residence time of
particles in the water column. The percent of organic matter on the particle, the size of
the resuspended particle, and the molecular weight of the PCB play a key role in
determining the rate at which PCBs are released from particles. Previous desorption
experiments were conducted under unrealistic environmental conditions and the physical
process of resuspension was not accurately reproduced. Multiple factors need to be
considered in order to calculate the amount of PCBs lost from the sediment during
resuspension events.

Achman et al. (1996) used field data to estimate PCB fluxes in the lower Hudson
River estuary. The desorption rate of PCBs from resuspended particles was calculated
using a first order model that was interpreted in terms of radial diffusion based on the

approximation suggested by Wu and Gschwend (1988). The initial particle concentration
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was set equal to the sediment concentration and they assumed a closed system in which
the sediment was resuspended into water containing an initial dissolved load of PCBs
equal to the concentration in the bottom water. They found there could be a significant
release of PCBs into the dissolved phase during resuspension events. Chang and Sanford
(2005) coupled a physical model to a biogeochemical model to explore the influence of
hydrodynamic forcing factors, such as tidal current and shear velocity, on pyrene cycling.
In this model, pyrene was input into a clean system with uncontaminated sediment.
Model simulations suggest that tidally resuspending sediment increased dissolved pyrene
concentrations in the water column by up to 22%. Understanding the release of PCBs
during resuspension events is critical for assessing remediation plans and evaluating their

impact on dissolved concentrations.

1.5 Objectives

The primary objective of this thesis is to determine the release of PCBs from river
sediment when it is resuspended under realistic bottom shear stress and water column
turbulence. Specific objectives addressed in each chapter include:

1) Develop an in-situ method to rapidly measure dissolved PCBs in natural system
without removing water or disturbing dissolved-particle distriubtions.

2) Characterize the properties (porosity, density, median diameter, and settling
velocity) of particles resuspended under realistic levels of constant bottom shear
stress and water column turbulence.

3) Examine how the size distribution of resuspended particles evolves over time

during a resuspension event and assess the effects of both sediment consolidation
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(4)

()

(6)

(7)

time and quiescent time between resuspension events on the properties of the
resuspended particles.

Measure PCB partitioning at realistic levels of constant bottom shear stress and
water column turbulence.

Examine the impact of particle reworking on PCB partitioning by allowing the
sediment to sit on the bottom for various lengths of time to recharge the labile
pool from the resistant pool.

Measure the rate of PCB release from resuspended sediment under constant shear
stress and turbulence.

Determine the dependence of the desorption rate on the properties of the PCBs
and the resuspended particles, and the frequency and duration of resuspension

gvents.

1.6. Strategy

To accomplish these objectives a method was first developed to measure

dissolved PCBs in natural waters on 30-minute time frames using non-equilibrium solid

phase microextraction (SPME). SPME fibers were made from optical cable, inserted into

a glass tube, and attached to the shaft of a motor that revolved at 130 rpm. This sampling

device enabled the SPME fiber to revolve in the water as it was being sampled in order to

minimize the thickness of the unstirred water layer. The fibers could easily be removed

from this device for essentially continuous sampling of dissolved phase PCB

concentrations. This technique e