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We investigated whether the threshold coneentration for
polychlorinated biphenyl (PCB) dechlorination may be
lower in biosurfactant-amended sediments compared with
biosurfactant-free samples. At PCB concentrations of 40,
60, and 120 ppm, the surfactant amendment enhanced the
PCB dechlorination rate at all concentrations and the rate
was also faster at higher concentrations. On a congener
group basis, dechlorination proceeded largely with group
A (congeners with low threshold) in both surfactant-free
and -amended sediments, accumulating mainly group C
(residual products of dechlorination) congeners, and
surfactant enhanced the dechlorination rate of group A
congeners. Since the PCB threshold concentration for the
inoculum in the experiment was lower than 40 ppm, we
carried out another experiment using sediments with lower
PCB concentrations, 10, 20, and 30 ppm. Sediments with
100 ppm were also performed to measure dechlorination
at a PCB saturation concentration. Comparison between
the plateaus exhibited that the extent of dechlorination below
40 ppm PCBs was much lower than that at a saturation
concentration of 100 ppm. There was no significant difference
in the extent of dechlorination between surfactant-free and
-amended sediments. Moreover, surfactant did not change
the congener specificity or broaden the congener spectrum
for dechlorination at PCB concentrations below 40 ppm.
Taken together, it seems that at a given PCB concentration,
dechlorination characteristics of dechlorinating populations
may be determined by not enly the congener specificity of
the microorganisms but also the affinity of dechlorinating
enzyme(s) to individual PCB congeners.
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Environmental concerns over organic pollutants at low
chemical concentrations have fostered interest in the
biodegradation processes affecting trace concentrations of
organic chemicals. As the interest grew, it became apparent
that there exists a threshold, or more specifically, a concentration
of a nutrient source below which microorganisms cannot
grow [1]. A significant factor contributing to apparent
threshold concentrations in soils, aquifer materials, and
sediments may be the mass transfer of the compound to the
organisms.

Earlier studies of dechlorination kinetics of polychlorinated
biphenyls (PCBs) have also indicated that there is a threshold
concentration below which no dechlorination takes place
[5, 15, 16]. In the dechlorination of Aroclor 1248 by sediment
microorganisms from the St. Lawrence River, which was
contaminated by this Aroclor, the lowest concentration at
which dechlorination occurred was 45 g of Aroclor 1248/g
sediment (ppm), and no dechlorination was observed below
35 ppm, indicating that the PCB threshold concentration
existed between these two concentrations {5, 16].

The microbial degradation of hydrophobic compounds
is often limited by the transfer of such compounds from the
environment surrounding the microorganisms to the cell surface.
Because of their amphiphatic nature, surfactants increase
the apparent solubility and bioavailability of hydrophobic
compounds including PCBs. Some microorganisms excrete
products that facilitate pseudosolubilization by converting
hydrophobic compounds into droplets with sizes smaller
than 1 um, and these droplets are then assimilated by the
microorganisms [1, 11, 14]. For environmental applications,
chemical surfactants are generally toxic to microorganisms
at the effective concentration for solubilization [7, 13].
Microbial surfactants, on the other hand, are generally less
toxic and more biodegradable than synthetic ones, and
some of them are beneficial at concentrations even below
the critical micelle concentration [2, 7, 9-11, 14].



The previous investigation showed that addition of the
rhamnolipid biosurfactant to PCB-contaminated sediments
increased the rate of dechlorination, but had little effect on
overall dechlorination. However, the PCB concentration in
the study was 300 ppm, a saturation level for dechlorination
[4]. Therefore, it remains to be answered whether the surfactant
promotes dechlorination at subsaturation concentrations
where the bioavailability of PCBs is likely a limiting factor.
In the present study, we investigated whether the PCB
threshold concentration for dechlorination [5, 16] may be
lower in biosurfactant-amended sediments compared with
biosurfactant-free sediments.

MATERIALS AND METHODS

Sediment Slurry Preparation

All experiments were carried out using stringent anaerobic techniques.
For sediment slurry preparation, clean sediments collected from the
Grasse River, a tributary of the St. Lawrence River (NY, US.A),
were air-dried, sifted through a sieve with a 150-pm opening, and
analyzed to confirm the absence of PCBs contamination. Two
separate expetimental set-ups were performed with different PCBs
concentration ranges. Individual batches of the sediments were
spiked with Aroclor 1248 in hexane to yield 40, 60, and 120 pg/g
sediment on a dry weight basis for one experimental set-up, and 10,
20, 30, and 100 pg/g sediment for the other. The sediments were
then made into slurries by adding reduced synthetic mineral medium
[3]- The sediment shurries contained 2.5% (w/v) sediment on a dry
weight basis. Aliquots (10 ml) of each slurry were dispensed into
20-ml serum vials in an anaerobic chamber (Coy Laboratory
Products, Ann Arbor, MI, U.S.A.) with an atmosphere of N,:H,:CO,
(85:10:5). The vials were then capped with Teflon-coated rubber
stoppers and aluminum crimp seals and autoclaved for 40 min on
three successive days. Half of the sediment vials were amended
with filter-sterilized biosurfactant using a sterile syringe to yield a
final concentration of 50 pg biosurfactant/g sediment. The rhamnolipid
biosurfactant used in this study was prepared from cultures of
Pseudomonas aeruginosa American Type Culture Collection (ATCC)
9027 according to the procedures described previously [4]. The vials
were then inoculated with microorganisms eluted from the St.
Lawrence River sediment, which was contaminated mostly by
Aroclor 1248 [17]. The inocula were separately prepared for the two
experimental set-ups by mixing an aliquot of the St. Lawrence River
sediments with reduced mineral medium. After inoculation, the vials
were incubated statically at room temperature up to 36 weeks for the
first and 50 weeks for the second experimental set-ups. Autoclaved
sediments with or without biosurfactant served as the control.
Duplicate samples were taken regularly for PCB analysis.

PCB Extraction and Analysis

Sediment extraction and congener-specific analysis of PCBs were
performed as described previously {15, 17]. Briefly, sediments were
extracted using an Accelerated Solvent Extractor system (Dionex,
Sunnyvale, CA, U.S.A.) according to US Environmental Protection
Agency Method 3545. After removal of sulfur by treating with a
tetrabutylammoniumhydrogen sulfite reagent, the hexane extracts
were cleaned up on a Florisil column. Congener-specific analysis
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was carried out on a Hewlett-Packard 5890 II gas chromatograph
(Hewlett-Packard, Avondale, PA, U.S.A.) equipped with a “’Ni electron
capture detector, an autosampler, a splitless injector, an Rtx-5
capillary column (Restek, Bellefonte, PA, U.S.A.), and a computerized
data acquisition system (ChromPerfect, Justice [nnovations, Mountain
View, CA, US.A). The gas chromatography conditions were as
previously described [15). The PCB congeners were identified and
quantitated using a calibration standard containing a 1:1:1:1 mixture
of Aroclors 1016, 1221, 1254, and 1260 (0.2 ug/ml of each in
hexane). Peaks were identified and calibrated according to response
factors [8, 15]. The number of chlorine molecules per biphenyl
and the mol% of PCB congeners were calculated based on the
concentration of each congener. Co-eluting congeners were assumed
to be present in equal proportions for the calculations [17].

Paired ¢ test was used to determine differences in dechlorination
rates between surfactant-free and surfactant-amended sediments and
between sediments with various Aroclor 1248 concentrations for the
first experimental set-up. Paired ¢ test was also used to determine
differences in dechlorination at plateau levels of 4 sampling time
points between surfactant-free and surfactant-amended sediments
and between sediments with various Aroclor 1248 concentrations
for the second experimental set-up. The PCB congener numbering
system in the text uses a slash to represent the separation of rings to
permit an easier visualization of the chlorination substitution pattern
(e.g., 2,4,54-chlorobiphenyl (CBP) will appear as 245/4-CBP), and
co-eluting congeners were connected with “+”.

RESULTS

Effect of Biosurfactant on Dechlorination Rate

In the first experiment, we investigated the effect of the
rhamnolipid biosurfactant at PCB concentrations of 40, 60,
and 120 ppm. Sediments spiked with Aroclor 1248 at these
concentrations were inoculated with microorganisms eluted
from PCB-contaminated St. Lawrence River sediments
with or without surfactant amendment. No dechlorination
was evident in autoclaved controls up to 36 weeks of
incubations, either with or without biosurfactant (Fig. 1).
The extent of dechlorination, expressed as the total number
of chlorine molecules per biphenyl, was examined with the
time course of incubations. We found that the surfactant
amendment enhanced the rate of dechlorination at all
concentrations and the rate was also faster at higher
concentrations (Fig. 1). Analysis after 36 weeks showed
that the number of chlorines per biphenyl was not different
between surfactant-free and surfactant-amended at 120 ppm
sediments, reduced from 3.95 to 3.24 and 3.22 (18.0% and
18.6%), respectively. At 60 ppm, dechlorination was less in
the surfactant-free sediments than in the surfactant-amended,
removing 16.3% in contrast to 18.5% under surfactant
amendment. Similarly, dechlorination was also less in
surfactant-free sediments at 40 ppm (13.1% removal vs.
16.3%). However, the time course of dechlorination at the
two lower concentrations (Fig. 1) indicates that dechlorination
may not have reached a plateau. Therefore, it is not clear
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Fig. 1. Overall dechlorination of Aroclor 1248, expressed as
total chlorine molecules per biphenyl, at 40, 60, and 120 ppm
with and without biosurfactant amendment,

whether the differences between surfactant-free and -amended
conditions represent an overall increase in dechlorination
with the amendment.

In earlier studies, the congeners of Aroclor 1248 were
divided into three groups based on the threshold level of
dechlorination {5]. The first group (group A) consisted of
congeners with low threshold concentrations for dechlorination
to occur and the second group (group B) comprised those
requiring high threshold concentrations. The third group
(group C) consisted of the residual products of dechlorination.
When the time course of Aroclor 1248 dechlorination was
examined on a congener group basis, it proceeded primarily
with group A in both surfactant-free and -amended sediments,
accumulating mainly group C congeners (Fig. 2). By 36
weeks, group A congeners in 120 ppm sediments were
reduced to 9.5 mol% in surfactant-free and 8.9 mol% in
surfactant-amended sediments from the initial concentration
of 46.3 mol%, as a reduction of 79.5% and 80.7%,
respectively (Fig. 2A). At 60 ppm, group A concentrations
were reduced by 73.1% without and 77.2% with surfactant.
In 40 ppm sediments, dechlorination decreased group A by
58.5% without and 67.9% with surfactant on a mol% basis.

In contrast to group A, the concentration of group B
exhibited a net increase (Fig. 2B). Initially, surfactant-
amended sediments showed greater increase. At the end of
36 weeks incubations, however, the accumulation was
greater in surfactant-free sediments with the increases ranging
from 28.5 to 30.7 mol% compared with 25.9 to 28.5 mol%
increases in surfactant-amended sediments (Fig. 2B).
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Fig, 2. Dechlorination of Aroclor 1248 congener group A (A),
and concentrations of group B (B) and group C (C) at 40, 60, and
120 ppm with and without biosurfactant amendment.

The concentration of group C increased in a reversed
pattern of the decrease in group A in both surfactant-free
and -amended sediments. After 36 weeks, the concentration
was the highest at 58.7 mol% (an increase of 209.2%) in
surfactant-amended 120 ppm sediments and the lowest at
45.9mol% (an increase of 141.8%) in surfactant-free
40 ppm (Fig. 2C).

Congeners, which were not included in groups A, B, or
C, accounted for approximately 11 mol% in autoclaved
controls. Although they were also dechlorinated, it was
difficult to accurately quantify their changes because of
their low concentrations.

Biosurfactant Effects on Individual Congeners
Regardless of PCB concentrations, surfactant enhanced
the dechlorination rate in most of the group A congeners



(Figs. 3A and 3B). Surfactant-enhanced rate of dechlorination
was observed in congeners such as 23/4- (chromatographic
peak #23), 234/2-+236/4- (#34), 245/4- (#38), 25/34-+245/
26- (#39), 24/34-+245/26- (#40), 23/34-+234/4-+235/25-
(#42), 245/25-+235/24-+234/26- (#44), 245/24- (#45),
234/26- (#52), 245/34- (#57), and 234/34-CBPs (#64)
(Figs. 3A and 3B). In contrast, concentrations of 236/24-
(#41) and 236/23-CBPs (#43) did not change in all
sediments.

Unlike group A, certain congeners in group B revealed
a net increase in concentrations rather than a decrease;
a significant accumulation was found in 25/2- (#11), 25/
25- (#26), and 24/25-+235/2-CBPs (#27) in all sediments
(Figs. 3C and 3D). Dechlorination in this group was
observed in a limited number of peaks, 23/3-+25/26-+2/
34- (#21), 23/25- (#31), and 236/3-+23/24-434/4-CBPs

BIOSURFACTANT EFFECT ON PCB DECHLORINATION 1567
(#32). These congeners were decreased with or without
surfactant amendment, and surfactant-enhanced dechlorination
was also found only in these peaks.

Regardless of PCB concentrations, group C congeners
such as 2/2-+26- (#5), 2/3- (#7), 2/4-+23- (#8), 24/2-+4/4-
(#12), 23/2-+26/4- (#14), 25/3- (#17), 24/3- (#18), 25/4-
(#19), 24/4- (#20), and 24/24-+246/4-CBPs (#28) accumulated
faster in sediments with surfactant than without surfactant
(Figs. 3E and 3F). By 36 weeks, the accumulation of para-
substituted congeners (#12, #20, and #28) was especially
pronounced in the presence of surfactant. On the other hand,
the concentration of peak #17 was higher in surfactant-free
than surfactant-amended sediments after 36 weeks. In the
cases of other group C congeners such as 24-+25- (#6) and
24/26-CBPs (#22), their concentrations were not increased
above the control level in all sediments.
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Fig. 3. Mole percent changes of group A (A, B), group B (C, D), and
and 120 ppm with and without biosurfactant amendment.

group C (E, F) congeners after 36 weeks of incubation at 40, 60,
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Possible Pattern of Dechlorination

To reveal the dechlorination pattern by the inoculum, we
traced possible parent congeners for major group C peaks
(Fig. 3). The potential sources of 24/2-+4/4-CBPs (#12)
accumulation include 234/2- (in #34), 245/25- (in #44),
245/24- (in #45), and 23/24-CBPs (in #32) for 24/2-CBP, and
34/4-CBPs (in #32) for 4/4-CBP. The para dechlorination
of 24/24-CBP (in #28) to 24/2- and 2/2-CBPs was excluded
since the congener was also accumulated in all sediments.
The peak #19 (25/4-CBP) could be produced from the
dechlorination of #38 (245/4-CBP) at the para position on
the first ring, 25/34-CBP (in #39) at the meta position on
the second ring, and #57 (245/34-CBP) at the para and the
meta positions on the first and second rings, respectively.
These congeners showed a surfactant-enhanced rate of
dechlorination as well. The potential sources of #20
accumulation include 245/4-(in #38), 24/34- (in #40),
234/4- (in #42), and 234/34-CBPs (in #64), since meta
dechlorination may produce the 24/4-CBP. These data
indicate that the inoculum primarily has dechlorination
specificity to PCB congeners with mefa-substituted flanked
chlorines, and their dechlorination is faster and more
complete in the presence of surfactant.

Overall Dechlorination at Concentrations Below 40 ppm
It appears that the threshold concentration for the inoculum
in the above experiment was lower than 40 ppm, the
level found in our previous investigations [16], because
dechlorination was still evident at 40 ppm regardless of the
treatment. Therefore, we carried out another experiment
using sediments with lower PCB concentrations, 10, 20,
and 30 ppm. Sediments with 100 ppm were also set up
to measure dechlorination at a saturation concentration.
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Fig. 4. The extent of Aroclor 1248 dechlorination, expressed as
total chlorine molecules per biphenyl, at the plateau in sediments
below 40 ppm with and without biosurfactant amendment.

These sediments were inoculated with microorganisms
eluted from the St. Lawrence River sediments.

The first sampling took place after 20 weeks of incubation.
The congener pattern at this point showed that dechlorination
apparently reached a plateau in all sediments, because no
further changes were observed up to 50 weeks (data not
shown). For data analysis, therefore, the values of the two
time points (one single and three duplicate samples) were
averaged as plateau levels of dechlorination.

At 100 ppm, the number of chlorines per biphenyl
was reduced by 37.0% and 32.4% in surfactant-free and
-amended sediments, respectively (Fig. 4). Dechlorination
at the three concentrations below 40 ppm was much
lower than that at a saturation concentration of 100 ppm;
the sediment microorganisms removed 14.4% to 18.6%
of chlorines in surfactant-free and 17.3% to 19.7% of
chlorines in surfactant-amended sediments at subsaturation
concentrations (Fig. 4). The difference between with and
without surfactant was not statistically significant in
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sediments below 40 ppm. On a congener group basis, the
effect of surfactant showed no difference between surfactant-
free and -amended sediments (Fig. 5). Accordingly, surfactant
amendment did not enhance overall dechlorination at
concentrations below 40 ppm.

Dechlorination of Individual Congeners at Concentrations
Below 40 ppm
Regardless of PCB concentrations, biosurfactant had no
effect on the pattern of group A dechlorination (Figs. 6A
and 6B). Whereas all group A congeners were dechlorinated
at 100 ppm Aroclor 1248, dechlorination of 236/24- (#41)
and 236/23-CBPs (#43) was not evident in sediments of
10, 20, and 30 ppm Aroclor 1248.

Unlike the pattern observed in group A, the dechlorination
activity of group B was different depending on PCB
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concentrations (Figs. 6C and 6D). At 100 ppm, all group B
congeners were dechlorinated, with little difference between
surfactant-free and surfactant-amended sediments. On the
other hand, congeners such as 25/2- (#11), 25/25- (#26),
and 24/25-+235/2-CBPs (#27) were not dechlorinated but
accumulated in 10 ppm sediments. At 20 and 30 ppm, the
average plateau levels of individual group B congeners,
especially 25/2- (#11), 25/25- (#26), and 23/25-CBPs
(#31), showed larger standard deviations compared with
those in 10 and 100 ppm sediments.

When the plateau levels of individual group C congeners
were compared between 10 and 100 ppm sediments,
concentrations of 2- (#2), 2/2-+26- (#5), 2/4-+23- (#8),
26/2- (#9), 24/2-+4/4- (#12), and 236-+26/3-CBPs (#13)
were higher at 100 ppm, whereas congeners such as 25/3-
(#17), 24/3- (#18), 25/4- (#19), 24/4- (#20), and 24/24-
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+246/4-CBPs (#28) showed higher concentrations at
10 ppm (Figs. 6E and 6F). At 20 and 30 ppm, the plateau
level concentrations of 2/2-+26- (#5) and 24/2-+4/4- (#12)
had larger standard deviations compared with those of
other group C congeners.

Inoculum and Concentration Effects on Dechlorination
Although the same procedure was applied for inoculum
preparation, the two inocula of the first and second
experiments showed differences in their dechlorination
characteristics at saturation Aroclor 1248 concentrations
(Figs. 2 and 5). The concentrations of group A congeners were
reduced to 4.0 and 4.6 mol% in surfactant-free and -amended
sediments, respectively, from the initial concentration of
46.3 mol%, at 100 ppm in the second experiment (Fig. SA).
Group B congeners were also reduced from 23.3 mol% to
3.7 mol% without surfactant and 5.4 mol% with surfactant
(Fig. 5B). On the other hand, the sediment microorganisms
in the first experiment did not decrease, but increased the
concentrations of group B (Fig. 2).

In the second experiment, the overall dechlorination
was qualitatively different between the saturation and
subsaturation Aroclor 1248 concentrations (Fig. 5). At
100 ppm, congeners in both groups A and B were
dechlorinated and reduced in concentration, whereas those
in group C increased. On the other hand, at concentrations
below 40 ppm, no apparent decreases in group B congeners
were found; indeed the congeners accumulated above the
control level (Fig. 5). To determine whether the absence of
group B dechlorination at these three low concentrations
was caused by the inability of certain dechlorinating
microorganisms to grow below the threshold value,
the sediment microorganisms at each concentration were
transferred into 300 ppm Aroclor 1248 sediment vials
after 50 weeks. When the sediments were analyzed for
dechlorination after 30 weeks, the inocula from the
100 ppm vials were able to dechlorinate both group A and
group B congeners. In contrast, the inocula from the three
low concentrations failed to dechlorinate group B congeners
even at this high saturation concentration. In this regard,
the specific dechlorinating microorganisms for group B
congeners may die out or be inactivated at the low PCB
concentrations, and the biosurfactant did not lower the
threshold levels enough for the specific dechlorinators to
maintain growth at the low PCB concentrations.

DISCUSSION

Although the same procedure was applied for inoculum
preparation, the inocula used in the two experimental set-
ups showed differential dechlorination activities. In one
experiment with 40, 60, and 120 ppm Aroclor 1248, the
sediment microorganisms dechlorinated most group A

congeners, and dechlorination of these congeners was faster
in the presence of biosurfactant. The surfactant might
stimulate the growth of dechlorinating populations by
enhancing the bioavailability of these congeners through
dissolution or pseudosolubilization. However, the enhanced
rate of dechlorination may not be related to the reduced
threshold levels of the congeners, since the group A
congeners have a relatively lower threshold compared with
group B. Surfactant did not change the congener specificity
or broaden the congener spectrum for dechlorination of the
inoculum. At a given PCB concentration, the dechlorination
characteristics of dechlorinating populations may be
determined by not only the congener specificity of the
microorganisms but also the affinity of dechlorinating
enzyme(s) to individual congeners.

In the second experimental set-up of 10, 20, 30, and
100 ppm Aroclor 1248, the maximum level of dechlorination
was not increased by the surfactant amendment, as in the
results of a previous investigation at 300 ppm [4]. The
extent of dechlorination depended on the Aroclor 1248
concentrations, showing two different plateau levels. However,
the differences between these two plateau levels were not
overcome through the surfactant amendment. In this
context, enhancing the bioavailability alone may not be
enough to support the growth of certain dechlorinating
populations at PCB concentrations below the threshold
levels. For a dechlorinating population, the threshold levels
may be mainly associated with the affinity (K,) of
dechlorinating enzyme(s) to individual congeners. Since
the K, value itself is constant regardless of bioavailability,
surfactant, which affects the equilibrium sorption reaction
between sediment particles and pore water, may have
limited effect on lowering the threshold concentrations for
the dechlorination. If the effective congener concentrations
increased by surfactant amendment were still below the
threshold levels, those congeners would not be dechlorinated
or support the growth of dechlorinating populations. Thus,
PCB concentrations may act as a selection force for
dechlorinating populations, and those with relatively high
affinity for certain congeners would be selected at low
PCB concentrations.

As previous studies indicated [16], the extent of
dechlorination depended on the initial PCB concentration.
The results of this study also indicate that there exist
at least two different PCB dechlorinating populations
in the microbial community of the St. Lawrence River
sediments. Whereas one population was excluded at low
concentrations (below 40 ppm) of Aroclor 1248, another
population could still maintain their activity at the low
concentrations. The latter population has specificity to
most group A congeners, but cannot dechlorinate such
group B congeners as 25/2-, 25/25-, and 24/25-+235/2-
CBPs, even at 300 ppm of Aroclor 1248. The addition of
biosurfactant enhanced the dechlorination rate, but did not



broaden the congener spectrum for dechlorination by
this latter population. The former population, which was
inactivated at PCB concentrations below 40 ppm, appears
to require higher concentrations for its growth and
metabolism, and addition of surfactant cannot overcome
the concentration barrier. This former population has
dechlorination specificity to most group B congeners
(e.g., 25/2-, 25/25-, and 24/25-+235/2-CBPs), and may
have dechlorination activity to group A congeners. Previous
investigations with the St. Lawrence River sediments
suggested that microorganisms dechlorinating group A
congeners were different from those involved in the
dechlorination of group B congeners [6, 12]. It is unclear
regarding the interactions of the two populations on
dechlorination characteristics at above threshold concentrations.

The previous study has demonstrated the presence of
threshold concentration for dechlorination in Aroclor 1248
by sediment microorganisms from the St. Lawrence River;
a clear threshold concentration was found between 35 and
45 ppm [5,16]. In the present study, dechlorination of
Aroclor 1248 revealed a limited dechlorination activity at
concentrations below 40 ppm, which was previously indicated
as the threshold level. It is suggested that a threshold can
be lowered if degrading bacteria have certain alternative
nutrient sources available to them [1]. Nonetheless, it
seems that this discrepancy may have stemmed from the
differential experimental conditions; in the present study,
the sediment cultures were not disturbed throughout
incubation because we sampled the whole sediment slurry
of 20-ml serum vials, whereas in the previous study, an
aliquot of sediment slurry was removed for analysis when
100-ml serum vials were opened in the anaerobic chamber
at each sampling time. Alternatively, it is possible that the
different sediment to liquid medium ratio (2.5% vs 20%,
w/v) may influence the bioavailability of PCB congeners in
pore water or particle surface, affecting the threshold level.
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