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Various  solid  organic  and  inorganic
sediment  components  were tested.
Fate  and  transport  of 2-ClBP  spiked  to
the sediment  components  was  fully
traced.
Role  of  the various  components  in
adsorbing  and desorbing  2-ClBP  was
studied.
Performance  of  the  most  advanced
remediation  material,  RAC  was  eval-
uated.
2-ClBP  spiking  was  correlated  with
2-ClBP desorption  and  2-ClBP  dechlo-
rination.
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a  b  s  t  r  a  c  t

Previously,  the concept  of  reactive  activated  carbon  (RAC),  where  the  porous  structure  of  activated  car-
bon  (AC)  is  impregnated  with  palladized  zerovalent  iron,  has  been  proposed  to be  effective  to  adsorb
and  dechlorinate  polychlorinated  biphenyls  (PCBs).  To  explain  the low  dechlorination  of  PCBs  bound  to
actual  aquatic  sediments  under  remediation  with  RAC,  this  study  investigated  the  role  of  various  solid
organic  and  inorganic  sediment  components  in  adsorbing  and  desorbing  PCBs.  Detailed  fate  and  trans-
port  mechanism  of  2-chlorinated  biphenyl  (2-ClBP)  spiked  to sediment  components,  including  kaolin,
montmorillonite  (MMT),  coal,  graphite,  AC,  and  their  mixture,  was  revealed.  Adsorption  and  holding
capability  of sediment  components  toward  2-ClBP  strongly  influenced  amount  of spiked  2-ClBP,  amount
of  desorbed  2-ClBP,  overall  dechlorination  of  2-ClBP  to biphenyl  (BP),  and  eventual  partitioning  of  2-
rganic components ClBP  and  BP to  water,  sediment  component,  and RAC.  Order  of the  amount  of spiked  2-ClBP  to  sediment
components  after  drying,  following  AC >  mixture  > coal  > graphite  >  kaolin  > MMT,  was  in  agreements  (in
opposite  direction)  with  order  of  the  amount  of  desorbed  2-ClBP  and  order  of  overall  2-ClBP  dechlorina-
tion.  Substantial  role  of  organic  components  in  aquatic  sediments  for  holding  2-ClBP  and  thus  preventing

 RAC  
it  from  dechlorination  on
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was  proven.
© 2017  Elsevier  B.V.  All  rights  reserved.
1. Introduction

Contaminated aqueous sediments are of great concern in the
United States [1,2]. Particular interest is given to polychlorinated
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iphenyls (PCBs) due to their chemical persistence, environmental
oxicity, and hydrophobic property [3–5]. Capping contaminated
ites with clean sand layer has been proposed to isolate sites from
irect contact [6]. Sand layer can be further amended with acti-
ated carbon (AC) or AC layer can also be added on the top of
and layer, which significantly reduces PCBs level in water [7–10].
ince AC-based approaches do not decompose PCBs, electrochem-
cal dechlorination of PCBs to relatively biodegradable biphenyl
BP) has been also studied using reactive metal particles such as
erovalent iron (ZVI) [6,11,12]. The studies mostly tested aqueous
hase PCBs to quickly investigate kinetics and mechanisms of the
echlorination reaction. Treatment of real aquatic sediments con-
aminated with PCBs using such reactive metals has been rarely
eported most probably because PCBs in sediments would be much
ess available for the reaction at metal surface. PCBs are strongly
ound to sediment solids, particularly organic components, and
hus they are hard to desorb into water [13].

In order to facilitate desorption of PCBs in sediments to water
nd then reaction of the desorbed PCBs onto metal surface, the
oncept of reactive activated carbon (RAC) has been proposed,
here the porous structure of granular activated carbon (GAC) is

mpregnated with palladized ZVI nanoparticles [14]. RAC was able
o promptly adsorb PCBs available in water, effectively dechlorinate
hem to eventually BP, and completely sequester PCBs and reac-
ion intermediates [15–17]. The RAC strategy or similar approaches
eemed to work synergistically for removal of many organic and
norganic chemicals and metals, while taking advantages of the two
emediation approaches, physical adsorption and chemical dechlo-
ination [18–22]. As one of the most highly contaminated sites with
CBs, Waukegan Harbor sediment (WHS), IL has attracted signifi-
ant attention [23,24]. Eventually, treatment of WHS  by using the
AC strategy was recently reported [25]. The study experimen-
ally revealed desorption of PCBs from WHS, their adsorption and
ubsequent dechlorination onto RAC, and ensuing partitioning of
CBs and intermediates into water, WHS, and RAC. Although the
resence of RAC facilitated PCBs desorption from WHS, the slow
esorption of PCBs limited overall performance, resulting in five-
rder of magnitude lower dechlorination when compared with
reatment of aqueous PCBs [16,25].

In order to find scientific reasons for the slow desorption pro-
ess and thus low dechlorination yield for WHS  and presumably for
any other aquatic sediments potentially under remediation with

uch reactive media, this current study investigated the role of var-
ous solid sediment components (herein, sediment or component)
n adsorbing and desorbing PCBs in the presence of RAC. Consider-
ng sediments are a heterogeneous mixture of various solid organic
nd inorganic components, kaolin, montmorillonite (MMT), coal,
raphite, GAC, and even their mixture were selected as sediment
omponents, spiked with 2-chlorinated biphenyl (2-ClBP), and
reated using RAC. A systematic lab-scale test was designed in man-
er of direct mixing and compartment configuration to reveal the

ate and transport of 2-ClBP in the treatment environment [25].
ventually, the capability of sediment components to adsorb and
old 2-ClBP during spiking process was correlated with the desorp-
ion trend of 2-ClBP to water and RAC and with its dechlorination
nto RAC.

. Experimental

.1. RAC synthesis
Detailed synthesis procedure of RAC was reported previously
14]. Briefly, 2–3 mm size mesoporous GAC (HD3000, Norit Ameri-
as Inc.) was used as base material for RAC. The surface area of GAC
t 574 m2/g was  significantly decreased to 358 m2/g after in-situ
aterials 347 (2018) 1–7

placement of ZVI/Pd particles via incipient wetness impregnation.
The porous structure of GAC was well occupied with Fe at around
14.4% and Pd at around 0.7%. Synthesis and handling of RAC was
performed in anaerobic glove box (oxygen < 0.05 mg/L and hydro-
gen at 3.5%).

2.2. Sediment components and PCB spiking

Initially four different solid components were selected; two
inorganic components (kaolin and MMT)  and two organic compo-
nents (coal and graphite). GAC used as base material for RAC was
also chosen as organic component because it might be interest-
ing to investigate partitioning behavior of 2-ClBP spiked to GAC
in the presence of RAC. Such organic components are known to
exhibit stronger chemical affinity for PCBs than inorganic compo-
nents [13]. Lastly, mixture of the sediment components was also
prepared. As a result, total 6 individual components were tested
in this study. Among the components, mixture was the closest to
actual sediments. Kaolin (Sigma-Aldrich), MMT  (Sigma-Aldrich),
coal (BCR reference, CRM 460), graphite (EC100, Graphite Sales,
Inc.) and GAC (HD3000, Norit America, Inc.) were further purified
with deionized water several times to remove any impurities. Their
properties were characterized including surface area using Tris-
tar 3000 porosimetry analyzer (Micromeritics) and organic carbon
content using TOC analyzer with SSM-5000A solid module (Shi-
madzu).

To spike sediment components with 2-ClBP, 500 mg/L of 2-ClBP
solution in acetone (Sigma-Aldrich) was  prepared and then 2.4 mL
of 2-ClBP solution was  transferred to 12 g of each sediment com-
ponent or 2.5 mL  of 2-ClBP solution was  transferred to 12.5 g of
mixture (2.5 g of each component). Then, 40 mL of acetone was
additionally added to mix  sediment component and 2-ClBP under
rigorous tumbling at 30 rpm for 15 h. After spiking, slurry was dried
in an oven at 58 ◦C for 6 h to remove acetone. Theoretical solid
phase concentration of 2-ClBP was  100 mg/kg as target concentra-
tion, assuming all 2-ClPB added was  left on sediment component
without loss. It should be noted that 2-ClBP was transformed only
to BP by dechlorination reaction on RAC, which makes it easy to
interpret experimental result.

2.3. Sacrificial batch test

Most of experimental procedures, from sample preparation
to sample analysis, were done in anaerobic glove box or within
air-tight bottles. All experiments were based on sacrificial batch.
Experimental set up to determine fate and transport of spiked 2-
ClBP was  categorized into control, direct mixing, and compartment
configuration, as precisely described elsewhere [25]. To investigate
desorption of spiked 2-ClBP from sediment component to water
in the absence of RAC, 0.9 g of sediment component was  directly
mixed with 22 mL  of water (control). Batch reactors were disturbed
at 150 rpm in rotary shaker. 2-ClBP would partition into water and
sediment component. Additional set was built with RAC, where
0.6 g of RAC was  directly mixed with the aqueous sediment com-
ponent (direct mixing).

Separation of RAC from sediment component, which is not
feasible in direct mixing configuration, is essential for under-
standing partitioning behavior of spiked 2-ClBP between the two
heterogeneous materials. To address the need, RAC was  physically
separated from sediment component (compartment configura-
tion). RAC compartment made of 2 ml vial (Supelco) was filled with
0.6 g of RAC followed by water, and capped with filter paper (What-

man). RAC vial was then inserted to main reactor containing water
and sediment component. The filter allows 2-ClBP and BP to move
freely between the two  compartments but it prevents sediment
component and RAC from mixing. As a result, it was possible to
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Fig. 1. Desorption of 2-ClBP spiked to sediment components into water in the
absence of RAC (control): (a) inorganic components: kaolin and MMT  and (b) organic
H. Choi / Journal of Hazar

easure 2-ClBP desorbed in water, 2-ClBP left in sediment compo-
ent, and 2-ClBP transported to RAC. Compartment configuration

ndirectly mimics concept of reactive cap/barrier.

.4. Extraction and analysis of PCBs

At a given time schedule of 1, 7, 30, and 90 d, one batch reactor
as sacrificially taken for analyzing 2-ClBP and BP and determining

heir partitioning in water, sediment component, and RAC. Water
as separated from solids (i.e., RAC and sediment component). In

 mL  extraction vial, 0.5 mL  of water sample was mixed with 1.5 mL
exane (Fisher). To extract 2-ClBP and BP in solid samples, auto-
ated Soxhlet showing high extraction efficiency was adopted.

 detailed description for extraction (hexane extraction for liquid
nd automated Soxhlet for solid, EPA Method 3541) and measure-
ent (HP 6890 gas chromatograph/HP 5973 mass spectrometer,

PA Method 8082) of PCBs was reported elsewhere [15,17].

. Results and discussion

.1. Properties of sediment components and their 2-ClBP
oncentration

Table 1 summarizes the properties of sediment components
ested in this study and their 2-ClBP concentration after spiking.
norganic components such as kaolin and MMT  contained negligi-
le amount of organic carbon while organic components such as
oal, graphite, and GAC contained significant amount of organic
arbon. Graphite was purely composed of organic carbon. They
xhibited crystal or amorphous structure and some of them, includ-
ng kaolin and GAC, showed porous structure. GAC had highest
urface area at 474 m2/g and pore volume at 0.543 cm3/g which
ight act as effective adsorption sites for PCBs. Kaolin also had

elatively high surface area at 18.7 m2/g.
Solid phase 2-ClBP concentration in sediment component after

piking is interesting. Considering that target 2-ClBP concentration
s 100 mg/kg when all spiked 2-ClBP is left on sediment compo-
ent, only 59.6 and 50.9% of 2-ClBP was actually spiked into kaolin
nd MMT, respectively. Since such inorganic components do not
how strong chemical affinity for PCBs, significant portion of spiked
-ClBP seemed to be lost during solvent drying process [26]. Mean-
hile, organic components had much higher 2-ClBP concentration.

t is known that organic carbon content in sediment components is
ne of the most important parameters for determining PCBs hold-

ng capability of sediment components [13]. 2-ClBP concentration
as in order of GAC > mixture > coal > graphite > kaolin > MMT.  This

rend is supported by a previous study on kinetics and mechanisms
f PCB congener sorption to carbonaceous sediment components
27]. Especially GAC, which was proven to exhibit high affinity for
CBs, showed the highest 2-ClBP concentration, equivalent to 92.7%
f added 2-ClBP [13,27]. It is believed that GAC adsorbed and held
-ClBP more effectively and tightly during 2-ClBP spiking process
nd thus less amount of 2-ClBP was lost during solvent drying pro-
ess. Mixture of five sediment components exhibited intermediate
roperties. Even the small amount of GAC in mixture was  able to
trongly hold 2-ClBP at 81.2%.

.2. Desorption of 2-ClBP in control

Desorption of 2-ClBP spiked to sediment components was mon-
tored in the absence of RAC (control), as shown in Fig. 1. In

ases of inorganic components, 2-ClBP spiked to sediment com-
onent was effectively desorbed. Kaolin and MMT  showed 16%
nd 18% of 2-ClBP desorption, respectively. Meanwhile, organic
omponents exhibited very low 2-ClBP desorption. Graphite
components: coal, graphite, GAC, and mixture. Desorption% was calculated based
on  the total amount of 2-ClBP desorbed into water out of the total amount of 2-ClBP
initially available in sediment component.

showed highest desorption only at 1.5%, while 2-ClBP des-
orption from coal, GAC, and mixture was negligible at less
than 0.1%. Interestingly, order of 2-ClBP desorption, following
GAC < mixture < coal < graphite < kaolin < MMT,  was in agreement
with order of the amount of 2-ClBP spiked to sediment component,
following GAC > mixture > coal > graphite > kaolin > MMT.

Desorption results deliver important messages. First, sediment
components showing strong adsorption capability towards 2-ClBP
desorbed less amount of 2-ClBP into water. As discussed previously,
more 2-ClBP was  actually spiked to organic components which can
strongly hold 2-ClBP. There might be two types of 2-ClBP avail-
able on sediment component: one strongly adsorbed or attached
onto solid surface during 2-ClBP spiking process and one necessar-
ily simply left over onto solid surface during solvent drying process.
Even if sediment components do not have any chemical affinity for
PCBs, the second type of 2-ClBP always exists and thus such 2-ClBP
might be more subject to immediate desorption. Low desorption of
2-ClBP from organic components can be explained by the first type
of 2-ClBP dominant in organic components while the second type
of 2-ClBP might be significant in cases of inorganic components and
thus desorption of 2-ClBP was high.

Second, in spite of slight difference in 2-ClBP spiking% between
inorganic and organic components, i.e., 50.9–59.6% for inorganic
and 74.8–92.7 for organic, desorption% showed huge difference,
i.e., 16–18% for inorganic and only 1.5% or less than 0.1% for organic.
The result implies that organic carbon in sediment components was
able to strongly hold spiked 2-ClBP and thus 2-ClBP stayed prefer-
entially in sediment components rather than being desorbed into
water. Third, components such as kaolin and MMT  released 2-ClBP
significantly from the beginning of desorption process and then
slowly and continuously released 2-ClBP over 90 d while compo-
nents such as coal and GAC did not release 2-ClBP continuously
over time. Difference in the desorption behaviors might be associ-
ated with the types of 2-ClBP available in sediment components as
discussed above. Kaolin and MMT  could immediately release 2-ClBP
simply left over onto their surface and then slowly released 2-
ClBP attached onto their surface. Fourth, although inorganic kaolin
exhibited significantly high surface area at 18.7 m2/g, its surface
was not so effective enough to strongly adsorb 2-ClBP, compared
to organic coal and graphite with low surface areas only at 2.89
and 2.79 m2/g, respectively. Fifth, the behavior of mixture, which
partly represents actual sediments, was  very similar to that of GAC,

implying even the small amount of GAC used in mixture (presum-
ably present in actual sediment) was  enough to strongly adsorb and
hold spiked 2-ClBP.
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Table 1
Physicochemical properties of sediment components and their solid phase 2-ClBP concentration after spiking.

Component Physicochemical Properties 2-ClBP (mg/Kg)g

fOC
a Crystalb Porousc SBET

d (m2/g) VPore
e (cm3/g) PSf (nm)

Kaolin ∼0 Crystal Meso 18.7 0.114 21.9 59.6
MMT  ∼0 Crystal Non 5.26 0.018 15.3 50.9
Coal  0.69 Amorphous Non 2.89 0.011 >15 77.0
Graphite 1.00 Crystal Non 2.79 0.011 >10 74.8
GAC  0.84 Amorphous Mes  + Micro 474 0.543 <6, 8-40 92.7
Mixture 0.51 – – 100.7 0.139 – 81.2

a fOC: organic carbon fraction.
b Even amorphous components have crystallinity at some extent.
c Porous structure (micro: microporous, meso: mesoporous, and non: nonporous).
d BET surface area.
e Pore volume.
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f Average pore size.
g Actual solid phase 2-ClBP concentration after spiking and drying (target concen

ime  since 2-ClBP is transformed only to BP by dechlorination reaction on RAC.

.3. Partitioning and dechlorination in direct mixing

Since 2-ClBP is transformed to only BP by dechlorination reac-
ion at RAC, the initial amount of spiked 2-ClPB to sediment
omponent should always be the same as sum of 2-ClBP and BP in
ll phases at any time. This makes it easy to interpret and explain
artitioning and fraction data. Desorption of spiked 2-ClBP from
ediment component, overall dechlorination of 2-ClBP to BP, and
ventual partitioning of 2-ClBP and BP in the presence of RAC (direct
ixing) were traced, as shown in Fig. 2. Desorption% is shown in

ig. 2(a), which can be used as a general indicator to show how
uch of 2-ClBP and BP was available and partitioned into water

ventually at a given time, but not as a quantitative indicator to
how how much of 2-ClBP was totally desorbed from sediment
omponent (because 2-ClBP desorbed and then transported to RAC
s unknown). Regardless of sediment components, much less than
.1% of 2-ClBP and BP was available in water, meaning that most of
-ClBP and BP stayed adsorbed in sediment component and RAC. In
articular, considering that inorganic components released 2-ClBP
ignificantly from the beginning of reaction in the previous con-
rol test, it is believed that 2-ClBP, once desorbed and available in
ater, was immediately adsorbed onto RAC showing high affinity

or 2-ClBP (note the raw material for RAC is GAC).
2-ClBP and BP partitioning between sediment component and

AC was not clear in this experimental configuration because the
wo solid materials were mixed. It is difficult to quantify how

uch of 2-ClBP was actually desorbed from sediment component

o water and transported to RAC, and how much of BP stayed on
AC after dechlorination reaction at RAC and left to sediment com-
onent. Overall dechlorination based on 2-ClBP and BP available

n water and extracted from mixed solids is shown in Fig. 2(b).
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ig. 2. Desorption and dechlorination of 2-ClBP spiked to sediment components in the p
ater  and (b) overall dechlorination of 2-ClBP to BP. Note different scales in Y axis. Along 

hase  of mixed sediment component and RAC. Overall dechlorination is determined base
 was 100 mg/Kg), which is equal to sum of 2-ClBP and BP found in all phases at any

Inorganic components exhibited high dechlorination at 74–80% and
even organic components also demonstrated significant dechlori-
nation at up to 18%. The result is interesting because desorption of
2-ClBP shown in Fig. 1 was  relatively not significant (e.g., 2-ClBP
desorption from graphite and coal was  at 1.5% and 0.1%, respec-
tively). Considering that dechlorination reaction should occur only
at RAC, it can be concluded that the presence of RAC apparently
facilitated 2-ClBP desorption from sediment component to water
followed by its transport to RAC. After dechlorination of 2-ClBP,
BP also stayed at RAC. The result also implies that the presence
of highly adsorptive sediment components such as GAC strongly
adsorbed PCBs, held them firmly, and thus inhibited their dechlo-
rination onto RAC, resulting in very low dechlorination of 2-ClBP
at less than 1% for GAC. It was reported that chemical treatment
of PCBs-contaminated sites should be integrated with enhanced
desorption process as a prerequisite [28].

3.4. Partitioning and dechlorination in compartment
configuration

Compartment configuration was  set up to distinguish fraction
of 2-ClBP and BP transported to RAC from fraction of 2-ClBP and BP
remaining in sediment component and thus to measure total des-
orption of 2-ClBP and BP from sediment component to water and
RAC. Fig. 3 shows partitioning of 2-ClBP and BP to water, sediment
component, and RAC. Regardless of sediment components used,
2-ClBP and BP were negligible in water even in this compartment

configuration, implying that they either stayed in sediment compo-
nent or immediately adsorbed onto RAC once desorbed. Compared
to the result in Fig. 1 showing desorption of 2-ClBP in the absence
of RAC, significant amounts of 2-ClBP and BP were available in RAC.
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resence of RAC under direct mixing: (a) 2-ClBP and BP partitioning (desorption) to
with 2-ClBP and BP partitioned to water, 2-ClBP and BP are also present in the solid
d on 2-ClBP and BP available in water and extracted from the mixed solid.
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Fig. 3. Partitioning of 2-ClBP and BP to water, sediment component, and RAC in the presence of RAC under compartment configuration: (a) kaolin, (b) MMT,  (c) coal, (d)
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raphite, (e) GAC, and (f) mixture. (Des.) stands for overall desorption, which is tota
est  accommodate data comparison. Since 2-ClBP is transformed to only BP, total a

nterpret and explain partitioning and fraction data.

or kaolin, 16% of 2-ClBP was desorbed in the absence of RAC while
lmost 50% of 2-ClBP (and BP) was desorbed in the presence of RAC
nd thus available mostly in RAC and negligibly in water. Reason
or putting BP into parentheses above (i.e., (and BP)) is that the
mount of BP actually found in RAC is the same as the amount of
-ClBP transported to and dechlorinated at RAC. As a result, 2-ClBP
not dechlorinated yet) and BP (already dechlorinated) found in
AC can be interpreted as total 2-ClBP transported to RAC. Similar
esult is also shown for MMT.  Even for organic components, des-
rbed 2-ClBP (and BP) to RAC and water was not negligible. As a
esult, the presence of RAC even in this compartment configura-
ion significantly facilitated desorption of 2-ClBP and sequestered
-ClBP and BP by adsorbing them onto RAC.

However, sediment components such as GAC still strongly held
piked 2-ClBP and thus total desorption was very low at 0.40%
ven in the presence of RAC (but higher than 0.10% in the absence
f RAC). In comparison between direct mixing and compartment
onfiguration, the amount of 2-ClBP (and BP) available in RAC for
echlorination reaction is believed to be much less in compartment
onfiguration than direct mixing because of slow mass transport
f 2-ClBP in compartment configuration which requires multiple
teps composed of desorption of 2-ClBP from sediment component
o water, transport of the desorbed 2-ClBP to RAC compartment
hrough filter paper, and then its eventual adsorption to RAC.

Fig. 4 shows BP/2-ClBP ratio% in each phase of water, sediment
omponent, and RAC. The result indicates where the dechlorina-
ion reaction mostly occurred. It should be noted that the result
n Fig. 4 does not demonstrate how much of 2-ClBP, as total, was
echlorinated because the result does not incorporate quantita-
ive partitioning of 2-ClBP and BP into water, sediment component,
nd RAC. BP/2-ClBP ratio in water as well as sediment component

as almost zero regardless of sediment components while BP/2-

lBP ratio in RAC was significant at 43% for GAC and up to 82% for
MT. This simply implies dechlorination reaction occurred only

t RAC, and BP, once formed, stayed adsorbed at RAC. One thing
unt of 2-ClBP and BP in water and RAC. Note different scales and breaks in Y axis to
t of 2-ClBP and BP in all phases does not change over time, which makes it easy to

which should be investigated later in detail is that inorganic com-
ponents such as kaolin and MMT  showed slightly higher BP/2-ClBP
ratio in RAC than organic components. Interestingly, 2-ClBP trans-
ported to RAC was  effectively dechlorinated in case of MMT  and
kaolin although significant amounts of 2-ClBP were transported to
RAC. Meanwhile, in spite of small amounts of 2-ClBP transported
to RAC in cases of organic components, dechlorination of 2-ClBP in
RAC seemed to be not so effective.

Based on the amount of 2-ClBP and BP in water, sediment
component, and RAC and the ratio of BP/2-ClBP in each phase,
overall dechlorination in the presence of RAC was  determined,
as shown in Fig. 5. 2-ClBP dechlorination increased in order
of GAC < mixture < coal < graphite « kaolin < MMT, which is good
agreement with 2-ClBP desorption trend for sediment compo-
nents. Overall dechlorination in this compartment configuration
was relatively low, compared to dechlorination in direct mixing, as
expected based on slow mass transport of 2-ClBP from sediment
component to RAC. However, the dechlorination of spiked 2-ClBP
to sediment components in this study was much more significant
than the dechlorination of PCBs aged in real sediment reported
elsewhere [25]. Previously, overall dechlorination efficiency for
WHS  containing 2.85% of amorphous organic carbon and 0.34% of
soot carbon was very low only at 0.5–3.0% in direct mixing and
0.03–0.53% in compartment configuration after 30 d under simi-
lar conditions [25]. In spite of their high organic carbon contents,
2-ClBP spiked to and aged in the organic sediment components
for at most 1 d was much more mobile and easy to desorb and
dechlorinate in the presence of RAC.

4. Conclusion
This study investigated the role of various solid sediment com-
ponents in adsorbing and desorbing PCBs in order to explain the low
dechlorination of PCBs bound and aged to actual aquatic sediments
under remediation with RAC. Adsorption and holding capability of
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Fig. 5. Overall dechlorination of 2-ClBP spiked to sediment components in the pres-
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modeling of the mass transfer of polychlorinated biphenyls in sediment
nce of RAC under compartment configuration: (a) inorganic components: kaolin
nd MMT  and (b) organic components: coal, graphite, GAC, and mixture.

ediment components toward 2-ClBP strongly influenced amount
f spiked 2-ClBP, amount of desorbed 2-ClBP, overall dechlori-
ation of 2-ClBP to BP, and eventual partitioning of 2-ClBP and
P to water, sediment component, and RAC. As a result, order of
he amount of spiked 2-ClBP to sediment components after dry-
ng, following GAC > mixture > coal > graphite > kaolin > MMT,  was
n good agreements with order of the amount of 2-ClBP des-
rbed to water and RAC as well as with order of overall 2-ClBP
echlorination under direct mixing and compartment configura-
ion, following GAC < mixture < coal < graphite < kaolin < MMT.  The
resence of RAC even in compartment configuration facilitated des-
rption of 2-ClBP and contributed to complete sequestration of
-ClBP and BP. This study proved the substantial role of organic

omponents in aquatic sediments for strongly adsorbing and hold-
ng PCBs which prevent them from dechlorination on RAC as a
eterogeneous reaction medium. 2-ClBP shortly spiked to sediment

[

partment configuration: (a) kaolin, (b) MMT,  (c) coal, (d) graphite, (e) GAC, and (f)

components (even with high organic carbon contents) was much
more mobile and easy to desorb and dechlorinate than PCBs aged
in actual sediments.
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