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Abstract

The antimicrobial triclocarban (TCC) has been detected in streams and municipal biosolids
throughout the United States. In addition, TCC and potential TCC transformation products have been
detected at high levels (ppm range) in sediments near major United States cities. Previous work has
suggested that TCC is relatively stable in these environments, thereby raising concerns about the
potential for bioaccumulation in sediment-dwelling organisms. Bioaccumulation of TCC from
sediments was assessed using the freshwater oligochaete, Lumbriculus variegatus. Worms were
exposed to TCC in sediment spiked to 22.4 ppm to simulate the upper bound of environmental
concentrations. Uptake from laboratory-spiked sediment was examined over 56 days for TCC and
4.,4'dichlorocarbanilide (DCC), a chemical impurity in and potential transformation product of TCC.
The clearance of TCC from worms placed in clean sediment was also examined over 21 d after an
initial 35-d exposure to TCC in laboratory-spiked sediment. Concentrations of TCC and DCC were
monitored in the worms, sediment, and the overlying water using liquid chromatography tandem
mass spectrometry. Experimental data were fitted using a standard biodynamic model to generate
uptake and elimination rate constants for TCC in L. variegatus. These rate constants were used to
estimate steady-state lipid and organic-carbon normalized biota-sediment accumulation factors
(BSAFs) for TCC and DCC of 2.2 +£ 0.2 and 0.3 £ 0.1 goc/gjip, respectively. Alternatively, directly-
measured BSAFs for TCC and DCC after 56 days of exposure were 1.6 + 0.6 and 0.5 £ 0.2 go¢/
Jiip, respectively. Loss of TCC from pre-exposed worms followed first-order kinetics, and the fitted
elimination rate-constant was identical to that determined from the uptake portion of the present
study. Overall, study observations indicate that TCC bioaccumulates from sediments in a manner
that is consistent with the traditional hydrophobic organic contaminant paradigm.
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Introduction

The antimicrobial chemical triclocarban (TCC) has been frequently detected in various

environmental media such as water [1], sediment [2], and sewage sludge [3]. This bacteriostatic

chemical is commonly found in many household products including soaps, cosmetics, and
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deodorants [4]. When released to domestic waste streams, the vast majority of TCC (65-97%)
is removed from the aqueous phase via traditional wastewater treatment and either biodegrades
or accumulates in treated municipal sludge (biosolids) [3]. Thus, asmall but significant fraction
of the TCC entering wastewater treatment plants (WWTPS) is not removed and is subsequently
discharged into receiving water bodies. The concentration of TCC in treated effluent is
dependent on WWTP-specific loadings and removal efficiencies, resulting in TCC levels in
effluent in the 0.1 to 6 pg/L range [5]. Further removal of TCC from the water column in the
receiving water body can be expected due to TCC sorption to suspended particles and particle
sedimentation. Such processes are likely responsible for the high levels of TCC that have been
reported in sediments downstream from WWTPs. Sediment TCC concentrations of up to 25
mg/kg dry weight (ppm) have been reported in a sediment core from a New York, USA estuary,
while the sediment core concentration profile of TCC and some of its suspected transformation
products at another site suggest that some of the deposited TCC may have undergone reductive
dechlorination [2]. Given the likely co-occurrence of TCC and a similar antimicrobial
chemical, triclosan (TCS), and the widespread detection of TCS in freshwater streams and
rivers [6], itis likely that many freshwater sediments in the receiving water bodies of municipal
WWTPs contain significant concentrations of TCC and/or its transformation products.
Unfortunately, there are scant data available on the potential bioaccumulation of such
chemicals in sediment dwelling organisms. Such data are needed for a complete understanding
of the ecological risks associated with TCC releases to aquatic environments.

To date, few studies have examined TCC bioaccumulation in aquatic species. Triclocarban has
been shown to bioaccumulate in algae collected downstream from a WWTP in Texas [7]. Wet-
weight TCC concentrations in algae ranged from 0.219 to 0.401 pg/g, with wet weight
bioaccumulation factors (BAFs) of 1600 to 2700. Similarly, TCC was also found to
bioaccumulate in snails exposed to effluent in the same stream, with concentration reaching
0.299 + 0.09 pg/g on a wet weight basis and a wet weight BAF of 1600 [8]. In both studies,
the TCC BAFs and concentrations were higher than those for both TCS and its methylated
transformation product (MeTCS), suggesting that TCC may be more problematic with respect
to bioaccumulation than TCS. Unfortunately, little is known about the potential adverse effects
of TCC on aquatic organisms. Agueous no-observed-effect concentrations (NOECSs) of 1.46
ug/L and 5 ug/L have been reported for Ceriodaphnia sp. and the fish species Pimephales
promelas [9], and a median lethal concentration (LC50) of 30 ug/L has been reported for larvae
of the shellfish Mercenaria mercenaria [10]. At high doses in rats, TCC was observed to
amplify testosterone-induced androgen receptor-mediated transcriptional activity, suggesting
TCC may act as an endocrine disrupting compound [11].

Though there may be concerns about the impacts of TCC itself on aquatic ecosystems,
additional potential concerns are evident if TCC transformation products are also included. A
schematic illustrating the various suspected TCC biotransformation pathways is provided in
Figure 1. The pathways illustrated reflect metabolic transformations in humans (Path A) [12],
transformation during wastewater treatment (Path B) [13] and likely microbial transformation
in anaerobic sediments (Path C) [2]. Some of these pathways presumably lead to less toxic
chemicals (e.g., Path A), whereas the toxicity of other suspected transformation products such
as dichlorocarbanilide (DCC) are unknown (Path C). Yet another pathway (Path B) leads to
chemicals for which substantial toxicity data exist (e.g., dichloroaniline). In fact, TCC has been
identified as a potential source of dichloroaniline in some aquatic environments [14]. Thus,
understanding the bioaccumulation of TCC is important not only with respect to the toxicity
of TCC itself, but also the toxicity of its potential transformation products.

The objective of the present study was to determine the extent to which TCC bioaccumulates
from sediments into sediment-dwelling organisms. The freshwater oligochaete, Lumbriculus
variegatus, was chosen as a model organism because of its ease of culture and its direct
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ingestion of sediment. In addition, L. variegatus is recommended by the U.S. Environmental
Protection Agency for assessing bioaccumulation in freshwater sediments [15]. Due to likely
reductive dechlorination of the spiked TCC to DCC prior to worm exposure, the
bioaccumulation potential of DCC was also assessed. The uptake and elimination kinetics of
TCC and DCC in L. variegatus were modeled with a standard biokinetic model, and this model
was then used to estimate steady-state biota sediment accumulation factors (BSAFs). BSAFs
were also calculated directly from the worm and sediment concentrations measured on Day 56
of the study.

Materials and Methods

Chemicals and Sediment

Organisms

Triclocarban (99%), DCC (99%), 13Cs-TCC, and d;-TCC were obtained from Aldrich
(Milwaukee, W1, USA), Oakwood Products (West Columbia, SC, USA), and Cambridge
Isotope Laboratories (Andover, MA, USA), respectively. Standard synthetic freshwater was
prepared from MilliQ™ water. All other chemicals and solvents were purchased from Sigma-
Aldrich (Milwaukee, WI, USA). Pristine lake sediment obtained from Agvise Laboratories
(Northwood, ND, USA) with nondetectable levels of TCC was utilized. Upon receipt in the
laboratory, the sediment was wet-sieved (2 mm) and stored at 4°C until spiking. The fraction
of organic carbon (f,c) of the sediment, as determined by a commercial laboratory using the
Walkley-Black method, was 3.3%. For the TCC-spiked sediment, a small aliquot of a stock
standard solution of TCC in methanol/acetone (50:50) was added to sediment-water mixture
to obtain a nominal concentration of 50 ppm TCC (dry wt basis). Preliminary 10-d acute
toxicity experiments indicated no mortality of L. variegatus due to TCC exposure at sediment
concentrations of up to 100 ppm (dry wt basis; data not shown). Sediment-water mixtures were
equilibrated on an orbital shaker for two weeks. The solvent control and depuration sediment
(no TCC added) was equilibrated in an identical fashion.

A culture of L. variegatus was purchased from a local aquatic pet supply store approximately
two weeks prior to the start of the experiment and was maintained (unfed) in an aerated
aquarium with 1 to 2 cm of solvent-washed sand. Immediately prior to the start of the
experiment, 200 to 250 mg (wet wt) aliquots of worms were removed via disposable
polypropylene pipet and placed into polystyrene weigh boats. Intact adult worms 2 to 3 cm in
length were chosen to minimize effects of growth and reproduction.

Experimental Setup

Semi-static bioaccumulation experiments were conducted in 150 ml glass beakers. After
spiking, TCC-spiked or solvent-control sediment was added to each glass beaker (~ 40 g dry
wt sediment per beaker) and allowed to settle for 4 d prior to worm addition. This mass of
TCC-spiked sediment corresponded to a target mass of TCC per beaker of approximately 2
mg. At the start of the uptake experiment, two large-volume (3 L) glass beakers were also
prepared in a similar manner and a correspondingly larger mass of worms added. On day 35,
worms added to these beakers were removed from the TCC-spiked sediment and placed in 150
ml glass beakers containing settled clean sediment for the elimination experiment. As per U.S.
Environmental Protection Agency recommendations, the ratio of sediment organic carbon to
worm mass (dry wt) was at least 50:1 for all experiments [15]. The beakers were maintained
in aquaria in a temperature-monitored water bath with a 16:8 photoperiod. Over the course of
the experiments, the water bath temperature was 23 + 2 °C. The depth of the overlying water
(OLW) was maintained at approximately 2 cm to ensure adequate dissolved oxygen levels.
Starting on the day prior to worm addition, the OLW was removed from each beaker and
replaced with clean synthetic freshwater at a rate of approximately 20 ml every other day. The
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OLW that was removed was pooled for each week of exposure and frozen for TCC analysis.
The OLW pH and total ammonia were monitored weekly with commercially available kits and
were found to be relatively constant over the course of the experiment. Triplicate beakers were
prepared and terminated at each time point, which were days 0, 1, 3, 7, 10. 14, 21, 28, 35, 42,
49, and 56 for the uptake experiment and days 35 (Down day 0), 36, 38, 40, 42, 45, 49, and 56
for the elimination experiment. Triplicate beakers of control sediment were prepared anal
terminated on days 28 and 56.

Worm, sediment, and water analysis

At each time point, worms were removed from the sediment by sieving, transferred to
polystyrene weigh boats, and allowed to depurate in clean synthetic freshwater for 6 h. After
6 h, the worms were transferred to clean weigh boats, thoroughly rinsed, and the rinse water
removed. The worms were then transferred by dental pick to pre-weighed glass vials, and a
wet weight was obtained. One worm from each beaker was also transferred to a second pre-
weighed glass vial and frozen (-20 °C) for lipid analysis using a method previously described
[16]. The remaining worms were frozen and stored at -20 °C until extraction. After worm
removal, the sediment from each time point was pooled, allowed to settle, and then a subsample
was removed and frozen (-20°C) until extraction.

Immediately prior to extraction, 100 to 500 ng of 13C4-TCC was added to each sediment and
worm sample to determine TCC recoveries. For extraction of TCC from worm tissues, 5 ml
of acetonitrile was added to each glass vial and the vial placed on an orbital shaker for 1 h.
After settling, the supernatant was removed via glass pipet, transferred to a 20 ml glass vial,
and the procedure repeated twice. For each sample, all three extracts were combined and
evaporated to dryness under low heat and gentle nitrogen. The extract was reconstituted in 1
ml of a 70:30 methanol:water mixture and transferred to a 2 ml microcentrifuge tube. The tube
was spun at 18,000 RCF for 30 min before an aliquot was removed and diluted as appropriate
for TCC analysis via LC-MS/MS. Sediments were extracted in a similar manner with a mixture
of 50:50 methanol/acetone. All sediment extracts were reconstituted in methanol, centrifuged,
and diluted with MilliQ™ water to obtain a final extract in 70% methanol. Water samples were
extracted via solid phase extraction (SPE) as described previously [1] with all methanol extracts
diluted with MilliQ™ water to obtain a final extract in 70:30 methanol:water. For all samples,
500 pl of extract was transferred to a 2 ml autosampler vial, 50 pl of the internal standard dy-
TCC was added, and the extract analyzed by LC-MS/MS. The limits of quantitation (LOQs)
were matrix and run-dependent, but were approximately 0.03 ug/g)jp for worms, 2 ug/gq for
sediment, and 10 ng/L for water for both TCC and DCC.

Analysis via LC-MS/MS was conducted under conditions similar to those previously reported
[3]. Chromatography was performed using an agueous ammonium acetate (2 mM) and
methanol gradient delivered at a flow rate of 200 pl/min by a Waters 2795 LC system (Milford,
MA, USA). Samples and standards were injected (50 ul) onto a Ultra IBD C18 column (5 um
particle size, 150mm x 2.1mm; Restek Corporation, Bellefonte, PA, USA). Initial eluent
conditions were 70% methanol. The percent methanol was increased to 100% at 5 min, held
100% for 3 min, decreased to 70% over 2 min, and held at 70% for the remaining 5 min. A
Waters Quattro Micro triple quadrupole mass spectrometer operating in negative electrospray
ionization multiple reaction monitoring (MRM) mode was employed for sample analysis. For
all analytes, the cone voltage was 30 V and the collision energy was 13 eV. The MRM
transitions monitored for each analyte, surrogate, and internal standard are listed in Table 1. A
dwell time of 100 ms was used for each transition. Nitrogen was provided by a Parker-Balston
N2-14 generator (Haverhill, MA, USA). Quantitation was performed using Waters
QuanLynx™, with all calibration curves having r? values greater than 0.99 and the accuracy
of each calibration point within 30% of its expected value. All values reported are corrected
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for recovery of the 13Cg-TCC surrogate standard, which was generally greater than 75% for
all samples in all matrices.

Data Analysis

Modeling of worm accumulation was performed using Origin 8 (Northampton, MA, USA).
Bioaccumulation data were fitted using non-linear regression to a first-order kinetic model
[17]:

(ksCoed0) [ 1kt
Corg:ch (e —€ )

where Corg is the lipid-normalized concentration of TCC in the worm (ug/gjip), Csed,o is the
initial organic-carbon normalized concentration of TCC in the sediment (ug/goc), Ks is the
uptake rate constant (goc/giiph), ke is first-order elimination rate constant (h'1), and 1 is a rate
constant (h1) that allows for decreasing levels of contaminant and/or decreasing contaminant
bioavailability over the course of the experiment [17]. For the depuration phase, data were
fitted using a simple first-order decay:

=0 —at
Corg=Coro€

org

where Cf,TgO is the lipid-normalized concentration of TCC in the worm at the start of the
depuration phase of the experiment (ug/gjip) and a is first-order elimination rate constant
(h'1). Estimation of the steady-state biota-sediment accumulation factor (BSAFss; Joc/Glip) Was
performed by relating the uptake (ks) and elimination (k) rate constants according to the
following:

BSAF%:%

e

In addition, BSAFgg values were calculated directly from the lipid-normalized worm
concentrations and organic-carbon normalized sediment concentrations on day 56 of the study
using the equation:

Results and Discussion

Levels of TCC and DCC in Sediment and Water

As determined by analytical measurements, the concentration of TCC in the laboratory-spiked
sediment was 22.4 + 7.6 ug/ggry wt Or 652 + 230 pug/go. (Mmean + standard deviation), and was
constant over the course of the experiment. A production impurity and transformation product
of TCC also was detected in the laboratory-spiked sediment: the concentration of DCC
averaged 0.7 + 0.2 ug/ggry wt Or 21 7 ug/goc and also remained constant over the course of
the experiment. This level corresponds to approximately 3% (by mass) of the TCC present in
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the sediment. Since the DCC mass exceeded the fraction of impurities (1%) contained in the
analytical-grade TCC used to spike the sediment, at least a fraction of the observed DCC was
likely generated in situ during the sediment equilibration procedure. The biological generation
of DCC from TCC presumably is an anaerobic reductive dechlorination process that is likely
mediated by sediment-dwelling anaerobic bacteria. While the redox conditions during
sediment equilibration were not directly monitored, the production of volatile sulfides was
observed at the end of the equilibration phase, suggesting that highly anaerobic conditions were
evident (data not shown). Observation of DCC formation in the present study is consistent with
prior reports of evidence for reductive dechlorination of TCC in field sediments [2]. Currently
available data on potential transformation pathways for TCC are summarized in Figure 1. The
analytical methodology chosen here did not lend itself to the analysis of the mono- and
dichlorinated anilines shown in Path B of Figure 1.

The levels of TCC and DCC in the overlying water (OLW) also suggested TCC transformation.
Contaminant concentrations in the composite OLW samples were determined beginning with
week 2, when 430 ng/L of DCC was measured. Throughout the remainder of the experiment
(week 3-8), the observed average OLW concentration of DCC was 22 + 4 ng/L. In contrast,
the concentration of TCC in the OLW was constant at 820 + 220 ng/L throughout the course
of the experiment.

These data suggest an initial rapid flux of DCC from the sediment to the OLW during the first
two weeks of the experiment, followed by a steady-state release of both TCC and DCC into
the OLW (which was renewed every other day) throughout the remainder of the experiment.
However, as noted above, no temporal trends were apparent in sediment concentrations of
either DCC or TCC. Indeed, using the average sediment and OLW levels of TCC and DCC
over the course of the experiment, flux losses from the sediment of < 0.1% for TCC and <
0.5% for DCC were calculated, even after accounting for the higher initial levels of DCC in
the OLW. As will be discussed, these data suggest that the decreased bioaccumulation of TCC
over time was likely due to a decrease in TCC bioavailability in the sediment as opposed to a
flux of TCC out of the sediment.

Measures of Oligochaete Health

No acute mortality of worms due to TCC exposure was apparent. The wet weight of worms
collected from both TCC-exposed and control worms decreased over time until reaching
approximately 60% of the initial worm mass on day 35 and then remained constant until the
end of the experiment. A similar weight loss was previously observed for worms exposed to
sediment from the same site [18]. To account for this weight loss for the purposes of the
biodynamic modeling, all worm wet weights were normalized to the initial mass of worms
added to each beaker. Alternatively, BSAFsg values were calculated using the actual worm
masses measured on day 56 of the study (i.e., not corrected for weight loss). Though the worms
did lose weight over the course of the experiment, at 3.2 + 1.0%, worm lipid content (as a
percentage of measured wet weight) did not vary over the course of the experiment. Thus, all
tissue concentrations were normalized to the average lipid content for all worms over the course
of the experiment.

Accumulation of TCC and DCC in L. variegatus

As is clear from Figure 2, both TCC and DCC rapidly accumulated in L. variegatus over the
course of the experiment. However, substantial differences were apparent in the biokinetic
profiles of TCC and DCC. As shown in Figure 2A, the maximum body burden of TCC was
observed on day 5, with an observed concentration of 1310 + 60 pg/gip (42 + 2 ug/gwet wts
mean * standard deviation). After day 5, body burdens of TCC in L. variegatus declined over
the course of the experiment. In contrast, the maximum DCC body burden of 7.85 + 0.29 ug/
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Jiip (0.250 % 0.009 pg/gwet wt) Was observed on day 56. These clear differences in
bioaccumulation kinetics between TCC and DCC may be due to differences in bioavailability
and/or the potential transformation of TCC to DCC within L. variegatus. While the latter is
certainly a possibility (particularly if the transformation is due to gut microflora), the metabolic
capability of L. variegatus has been characterized as fairly limited [19,20].

The generic biokinetic model provided an excellent fit to the data, though the fit was much
better for TCC than DCC. The fitted model parameters are provided in Table 2. In particular,
the TCC data were best fit if A, the fitting parameter meant to account for changes in
bioavailability, was 6.7 + 0.3 (x 10#; h"1), while the best fit for DCC was obtained with X set
to zero. This implies that the bioavailability of TCC decreased over the course of the experiment
while the bioavailability of DCC did not decrease. As the measured TCC sediment
concentration did not decrease over time, this suggests an actual decrease in the bioavailable
fraction of TCC in the sediment over time as opposed to a declining total sediment
concentration. Similar decreases in bioavailability over time in laboratory-spiked systems have
been observed [17]. As noted above, no significant flux of TCC out of the sediment was
observed, and thus the decrease in TCC bioavailability may have been due to the slow diffusion
of TCC into the sediment particles where it is rendered less bioavailable to the worms.

An alternative interpretation of the declining TCC body burden over time would be that TCC
was being biotransformed by L. variegatus after an initial lag period. This lag period could be
attributed to the time needed to induce the enzymes necessary for TCC biotransformation.
While this explanation has been used to explain decreasing body burdens of polycyclic musks
in midge larvae over time [21], the same study did not observe any evidence of enzyme
induction in L. variegatus. Coupled with the reported low metabolic capabilities of L.
variegatus, these data suggest that the decreasing body burden of TCC over time was likely
due to a decrease in TCC bioavailability. The lack of a decrease of DCC bioavailability may
simply be due to the fact that the DCC, which was presumably produced by microbial
transformation processes, was produced at or near the surface of the sediment particles where
it was readily taken up by the worms. Clearly, further research with field-contaminated
sediments are needed to verify that the decrease in body burden observed in L. variegatus in
these laboratory spiked systems is due to a change in bioavailability as opposed to a non-linear
metabolic response to TCC exposure.

Elimination of TCC in L. variegatus

The elimination of TCC from L. variegatus was rapid and followed simple first-order decay
kinetics (Fig. 3). After 21 d in clean sediment, the TCC body burden in L. variegatus declined
10 9.6 + 0.3 pg/gjip (0.31 £ 0.01 ng/gyet wt)- These levels were still above the trace levels of
TCC measured in the control (nonexposed) worms on day 56 (0.09 + 0.12 pg/g;ip (0.003 +
0.004 pg/gwet wt)- As is apparent in Table 2, there are no statistical differences between the
first-order elimination rate constant determined from the elimination experiment (o) when
compared to the elimination rate constant determined from the uptake experiment (kg). This
value of approximately160 (x 104 h"1) is on the lower end of the elimination rate constants in
L. variegatus observed for polybrominated diphenyl ethers (150-660) [22], and is within the
range of values observed for polychlorinated biphenyls[23].

Biota sediment accumulation factors

Using the fitted uptake and elimination rate constants, BSAFs values (goc/giip) Were calculated
for both TCC and DCC. These values were 2.2 + 0.2 and 0.3 £ 0.1 for TCC and DCC,
respectively. In addition, BSAFgg values were calculated to be 1.6 £ 0.6 and 0.5+ 0.2 for TCC
and DCC, respectively. The partitioning theory for traditional hydrophobic organic
contaminants (HOCs) predicts a theoretical organic carbon and lipid-normalized steady-state
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BSAF value of 1.6 for nonmetabolized HOCs if the log of the octanol water partition coefficient
(log Kow) is less than 6 [24]. Thus, TCC appears to bioaccumulate from sediments in a manner
that is consistent with traditional HOC partitioning theory. The slightly lower BSAFsg value
for TCC, as compared to the BSAF value, reflects the fact that the bioavailability of TCC
appeared to decrease over time. Conversely, the slightly higher BSAFsg value for DCC, as
compared to the BSAFg value, reflects the fact that the calculation of the BSAFsg value used
the actual worm weights recorded on day 56, and thus did not account for the weight loss
observed. However, for both TCC and DCC, both approaches for calculating BSAFs yielded
values that are approximately equal (i.e., within experimental error). Clearly, field-based data
on TCC bioaccumulation from sediments are needed to verify that TCC does, in fact, follow
HOC partitioning theory under field conditions. However, field-based measurements of BSAFs
for HOC:s are highly variable, and field-measured BSAF values appear to be slightly higher
than theory would predict [25]. The significantly lower BSAF for DCC is somewhat surprising.
Further research is needed to aid in determining the cause of this lower bioaccumulation.

Comparison with other studies

To the best of our knowledge, this is the first study to demonstrate TCC bioaccumulation from
sediments. However, as noted above, a few studies have examined the bioaccumulation of TCC
from the aqueous phase under field conditions [7,8]. These studies have yielded wet-weight
bioaccumulation factors (BAFs) for TCC of 1600 to 2700. The BSAF value estimated for
TCC in the present study has been normalized to the lipid content of the organism and sediment
organic carbon. If the fraction of lipids (fjip) and the log Koc values are known or estimated
and an assumption of equilibrium conditions (with respect to sediment porewater) is made, the
corresponding wet weight BAF value can be estimated using the following relationship:

Corg.wcl wt CorgAlip X flip

BAF = =
et Cw Cscd.oc/Koc

=BSAFoc1ip X fiip X Ko

In the present study, the steady-state BSAF |jp was 2.2 + 0.2, the fjip was 3.2 £ 1.0% and a
log Koc of 4.5 has been reported for TCC [26], yielding a BAF et wt Of approximately 2200,
which is well within the range of BAF et wt Values reported previously [7,8] and very close to
the average algal BAF et 0f 2300 reported from three separate sites [7]. In fact, if the slighltly
lower day 56 BSAFq jip value of 1.6 + 0.6 is used, the estimated BAF et wt is ~1600, which
isat the lower end of the range of values reported previously. Given the uncertainty with respect
to both the presence of steady-state conditions in this study and the reported log Koc value for
TCC, these estimates should be viewed with caution. However, these values do suggest that
the results of this study are consistent with the few studies reporting the bioaccumulation of
TCC under field conditions.

Conclusions

The commonly-used antimicrobial chemical TCC was observed to bioaccumulate in the
sediment-dwelling organism L. variegatus. This bioaccumulation was consistent with
traditional HOC partitioning theory, and the elimination kinetics of TCC from L. variegatus
was similar to the elimination Kinetics of other persistent halogenated organic compounds.
Thus, this study demonstrated that TCC can accumulate in sediment-dwelling organisms at the
base of the food-web. Further research is needed to determine whether TCC will undergo
trophic transfer and biomagnification in (aquatic) food chains. The present study also provides
evidence suggesting that TCC may undergo dechlorination by microorganisms within
sediments to yield DCC. In turn, DCC also appears to bioaccumulate from sediments, though
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a lesser extent than TCC. Further research is needed to verify that the BSAF value measured

for TCC in this study is representative of field conditions.
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Figure 1.

Potential transformation pathways of triclocarban (TCC). Path A: Metabolic oxidation and/or
conjugation in humans [12]. Path B: microbial transformation and hydrolysis to chloroanilines
[13]. Path C: reductive dechlorination to dichlorocarbanilide (DCC) [2].
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Bioaccumulation of triclocarban (TCC; A) and dichlorocarbanilide (DCC; B) in lake sediment
spiked with TCC by Lumbriculus variegatus. Symbols denote individual jars (n = 3 for each
time point), and the dotted line denotes the model fit using parameters listed in Table 2.
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Figure 3.

Elimination of triclocarban (TCC) from Lumbriculus variegatus after 35-day exposure and
transfer to non-spiked lake sediment. Symbols denote individual jars (n = 3 for each time point),
and the dotted line denotes the fit of a first-order exponential decay model using the parameters
listed in Table 2.
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Table 1

MRM Transitions Monitored by LC-MS/MS

Chemical MRM Transitions
(m/z — mlz)

TCC 313 — 160

18cg-TCC 319 — 160

d;-TCC 322 — 1652

DCC 279 — 126

aDue to overlap from 1306—TCC transition, the 3¢ isotope transition was used for the internal standard d7-TCC
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Biokinetic Model Parameters TCC and DCC Bioaccumulation in L. variegatus

Parameter (units) Description TCC DCC (.=0)

Ks (Qoc/iiphr) * 104 Uptake Rate Constant & 364 + 18 19+3

A (hrly x 104 Rate Constant for Change in 6.7+0.3 -
Bioavailability @

ke (hr1) x 104 Elimination Rate Constant & 164 + 10 61+ 12

a (hrl) x 104 Elimination Rate Constant P 154 + 10 -

aDetermined from the 56 day uptake experiment.

bDetermined from the 21 day elimination experiment (after 35 days of exposure).
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