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Abstract

The effectiveness of activated carbon (AC) in reducing the bioavailability of 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD) was examined from the context of using in-situ sorbent
amendments to remediate soils/sediments contaminated with polychlorinated dibenzo-p-dioxins/
dibenzofurans (PCDDI/Fs). This technology has gained rapid acceptance based on observations
that AC amendments predictably lower PCDD/F concentrations in water and bioaccumulation by
simple aquatic organisms and earthworms; it has been assumed that bioavailability to mammals is
similarly reduced, although this has been disproven for other sorbent materials. In this study
TCDD was absorbed to a microporous AC using the incipient wetness method (TCDD-AC). An
aqueous suspension of TCDD-AC, and an equivalent dosage of TCDD in corn oil, were
administered by oral gavage to B6C3F1 mice. The relative bioavailability of TCDD-AC was
determined by quantifying and comparing the hepatic induction of cyplAl (mMRNA) and
suppression of the IgM antibody forming cell cell (AFC) immune response, by the two forms of
TCDD. A concentration-dependent response was observed for both assays when TCDD in corn oil
was administered to mice. However, when equivalent masses of TCDD were administered as
TCDD-AC, no induction of cyp1Al or suppression of the IgM AFC response was observed. The
absence of these two sensitive AHR-mediated responses in mice provides the first direct evidence
that AC can sequester TCDD in a form that eliminates its bioavailability to mammals. These
results support the premise that AC can be used to reduce the bioeffective dose of TCDD delivered
to mammals, and that AC amendments may provide a low cost alternative to traditional
remediation technologies.
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Introduction

Polychlorinated dibenzo-p-dioxins and furans (PCDD/Fs) are a group of persistent organic
pollutants widely distributed in soils and sediments, frequently found at Superfund sites, and
regulated at very low levels due to their potency as toxicants. These compounds are formed
as unintended byproducts of anthropogenic activities including waste incineration, industrial
production of herbicides and wood preservatives, and historically in chlor-alkali processes.
Natural formation occurs via microbial biosynthesis, volcanic activity, forest fires, and in
some clay deposits [1-3]. Significant improvements in emission controls coupled with more
stringent regulations have contributed to an estimated 90% decrease in the annual release of
dioxins into the environment between 1987 and 2000 [4]. Despite these reductions, soils and
sediments remain contaminated at levels of concern due to the persistence of PCDD/Fs in
natural environments [5]. This persistence is due to many factors including their structural
resistance to microbial metabolism or other environmentally significant transformation
processes, as well as limited conditions where biodegradation is naturally feasible, and their
very low water solubilities and vapor pressures [6-8].

Polychlorinated dibenzo-p-dioxins and furans are regulated in units of toxic equivalents
(TEQs). These compounds are commonly found in the environment as mixtures composed
of congeners having different numbers of Cl substituents located at different positions on the
two phenyl rings. The toxicity of PCDD/Fs is mediated in part through the aryl hydrocarbon
receptor (AhR) and has been associated with immune suppression, chloracne, abnormal
endocrine and nervous system function in humans, as well as liver and other organ cancers
in animals [9]. The AhR-mediated toxicity of PCDD/Fs is known to be congener specific.
The most toxic, with the correspondingly highest affinity for the AhR, is 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD), which has been assigned a toxic equivalency factor
(TEF) of 1.0. Other congeners are given a TEF value (from zero to one) based on their
potency relative to TCDD. The toxic equivalents (TEQ) of a particular PCDD/F mixture is
the sum of each congener concentration multiplied by its specific TEF. This method is used
for regulatory purposes and takes into account the cumulative toxicity and concentration of
all dioxin congeners comprising the mixture based on the assumption of additive effects on
AhR activity [10].

Measurable levels of PCDD/Fs are present in nearly all soils in the U.S. Background
concentrations in urban/suburban soils are greater and more variable than those found in
rural soil samples, viz. 7-186 ng/kg and 2-23 ng/kg TEQ, respectively [11]. The widespread
PCDD/F contamination results from a variety of factors including their formation both
naturally [12, 13] and during anthropogenic activities, and their ability to partition between
gas and particulate phases subjecting them to long-range atmospheric transport [14].
Atmospheric deposition, direct discharge, erosion and flooding events transport PCDD/Fs to
surface waters. Aquatic sediments, in particular, represent an important sink for hydrophobic
organic contaminants like PCDD/Fs [15]. The contaminated sediments act as a continual
PCDD/F source, creating a concentration gradient from sediment pore water to the overlying
water column [16].
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Traditional remediation methods for soils and sediments at sites contaminated with toxic
recalcitrant contaminants such as PCDD/Fs typically involves either removal of the
contaminated material via dredging or excavation followed by disposal in a hazardous waste
landfill, or hydraulic isolation using clay slurry walls and caps. The high costs, adverse
ancillary environmental impacts, and long-term ineffectiveness of these techniques have
motivated the development of new remediation approaches [17]. One promising technology
involves the use of in-situ sorbent amendments to sequester PCDD/Fs in forms with reduced
bioavailability and hence less potential for exposure; activated carbon (AC), organoclay, and
apatite have been identified as the most promising additives [18]. The use of AC has been
widely investigated due to its traditional role in water and wastewater treatment, and because
similarly high surface area carbonaceous materials are components, albeit at low levels, of
soils and sediments comprising approximately 4% to 9%, respectively, of the total organic
carbon content that is naturally present [19, 20]. Furthermore, the ecological effects of AC
amendments are thought to be minimal and likely short-term [21, 22], and implementing this
technology is minimally invasive which reduces habitat destruction.

Recently, a number of studies have investigated the efficacy of in-situ AC sorbent
amendments as a remediation alternative in soils and sediments contaminated with
hydrophobic organic contaminants (HOCs). These studies have documented predictable
reductions in pore water HOC concentrations and lowered bioaccumulation by simple
aquatic organisms or earthworms. For instance, laboratory studies have shown that a 1-5%
AC amendment to sediments manifested a 70-99% reduction of aqueous phase PCDDs as
well as a corresponding 70-90% reduction in bioaccumulation by benthic organisms [15]. A
limited number of field-scale studies have similarly shown reductions in HOC porewater
concentrations and/or bioaccumulation in sediments amended with AC; increasing
effectiveness over time was observed and attributed to progressive mass transfer [15, 23-26].
Thin-layer capping using a mixture of an inert material and AC resulted in a nearly 90%
reduction of fluxes into the water column and the resulting bioaccumulation of PCDD/Fs by
two aquatic invertebrates [27]. Similar studies reported that AC amendments to PCDD
contaminated soils decreased porewater concentrations by as much as 99%, and TEQs in
earthworms decreased concomitantly by 78-99% depending on soil characteristics [28].
Greater reduction efficiencies were achieved using sorbent particles of smaller size [29, 30].
These reductions in aqueous concentrations are largely predictable as ACs represent high
surface area absorbents with a porous structure that is intrinsically suitable for sorption of
nonpolar aromatic compounds [31]. Over 90% of porosity of the AC used in this study is
from micropores, which are pores less than 2 nm in diameter (Table 1). The surfaces of these
exceptionally small pores have a high affinity for planar hydrophobic compounds.
Furthermore, the small diameter of the pores limits diffusion/release of the sorbed
contaminants out of the material.

Although the studies described above suggest that AC amendments could reduce the
potential for exposure of aquatic invertebrates and earthworms to HOCs, there is a paucity of
direct evidence showing that sequestration of HOCs by AC reduces bioavailability to
mammals [32], and none that measure an appropriate bioresponse. Studies documenting
reduced bioavailability and exposure of higher order organisms to AC-sequestered HOCs are
essential prior to the widespread adoption of this new remediation technology. In fact, the
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importance of evaluating the bioavailability of sorbed contaminants to an appropriate
mammalian model was highlighted in two recent studies which clearly showed that even
when bound to silica or intercalation between the individual sheets of montmorillonite clay,
the bioavailability of sorbed TCDD to mice, as evidenced by suppression of immune
function and induction of ¢ypZal mRNA, were not reduced compared to that observed when
TCDD was administration in corn oil [33, 34]. Suppression of humoral immunity and
induction of cypZal mRNA in mice were specifically selected as these are widely
established and arguably two of the most sensitive biomarkers of TCDD exposure [33, 34].
A study of PCDD/F-contaminated soils and sediments by Budinsky et al. [35] suggested the
beneficial impacts of carbonaceous materials in soils and sediments on reduction of oral
bioavailability of PCDD/Fs. Furthermore, oral ingestion of ball clays contaminated naturally
with PCDDs and used as feed additives has been a major PCDD exposure route in livestock
leading to their entry into the human food chain [36]. Whether PCDDs contained in ball
clays were bound predominately to clay components or particulate organic constituents is
unclear, but at least a fraction remained bioavailable. Also, young children are known to
inadvertently ingest a significant amount (ca. 100-200 mg/day) of soil relative to their body
mass [37, 38].

The use of sorbent amendments, mostly involving AC, has been rapidly accepted in
remediation based on the premise that AC will sequester organic contaminants in a form
which substantially reduces their bioavailability and hence exposure potential, especially for
humans. The arguably premature acceptance of this new strategy in the management of
contaminated sediments and soils rests almost entirely on studies showing that AC
predictably reduces aqueous phase concentrations and hence (bio)accumulation by passive
samplers, simple aquatic organisms and earthworms. One prior study indicated loss of
TCDD accumulation in rat livers when TCDD was administered after sorption by AC [32].
Surprisingly, this single study used a mammalian model to provide evidence for the efficacy
of AC in reducing PCDD/F bioavailability to mammals and hence human exposure
potential, though this contention forms the basis of using AC amendments in remediation
aimed at protecting human health. The goal of the present work is to address this critical
knowledge gap. Worldwide remediation efforts for soils and sediments contaminated with
PCDD/Fs have already begun incorporating AC amendments [20, 39]. Remarkably, the
selection of this remedy has occurred with very limited data from one study [32] indicating
that AC can reduce the bioavailability of TCDD in mammals and by inference humans. Our
results show for the first time that AC can sequester TCDD in a form that eliminates its
bioavailability to an appropriate mammalian (mouse) model using signature TCDD-induced
biomarkers, namely suppression of immune function and induction of cyplal. These results
provide the best direct evidence to support the feasibility of activated charcoal as a potential
remediation technology for reducing human exposure from dioxin-contaminated soils and
sediments and an alternative to capping and dredging.
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Materials and Methods

Selection and Characterization of activated Carbon

Five activated carbons were characterized for possible use in this study (Table I). Surface
area and pore size analyses were determined from measurements of nitrogen absorption at
77°K (LabQMC, Boynton Beach, FL, USA). Three criteria were used for the selection of an
appropriate AC for the mice exposures: 1) Compatibility with water, i.e. the ability of AC to
stay in suspension so that reproducible aliquots could be withdrawn and administered by
oral gavage; 2) The physical ability of AC particles to pass through the oral gavage needle;
3) A preponderance of micropore volume to maximize sequestration of TCDD as indicated
by thermogravimetric analysis (TGA) and pyrolysis mass spectrometry (described below).

Loading of AC with TCDD

Animals

The extremely low water solubility of 2,3,7,8-TCDD, 19.3 parts per trillion [35], made
impractical the use of aqueous solutions to load AC with the quantities of TCDD necessary
for oral administration to mice, our chosen mammalian model. Therefore, TCDD was loaded
into the pore structure of WPC AC using the incipient wetness method as described in our
previous work with silica [34] and montmorillonite clay [33]. The method involves the
addition TCDD dissolved in a volume of dimethyl sulfoxide (DMSO) (Sigma-Aldrich, St.
Louis, MO, USA) equal to the specific pore volume of a known mass of AC. The DMSO is
removed at 200°C under vacuum leaving TCDD within the pore structure of AC, referred to
hereafter as TCDD-AC. Thermogravimetric analysis was used to quantify any mass loss
during heating.

For this study, DMSO spiking solutions of TCDD were prepared at four concentrations (0, 1,
10, and 100 pg/mL) using a stock solution of TCDD (100 ug/mL) obtained from
AccuStandard Inc (New Haven, CT). The WPC AC was weighed (500 mg) into screw-top
Corex glass centrifuge tubes (30 mL) then 160 pL of the TCDD-DMSO solutions at each
concentration were applied directly on the AC creating a slightly wetted powder. The
centrifuge tubes were closed with polytetrafluoroethylene (PTFE) lined screw caps and the
whole was vortex mixed for approximately 20 min. until the AC returned to a free-flowing
powder. The mixtures were then allowed to equilibrate for 24 hours prior to isothermal
removal of DMSO at 200°C under vacuum. This procedure resulted in final TCDD
concentrations of ca. 0, 0.32, 3.2, and 32 pg/Kg of AC. Finally, 156.25 mg of each TCDD-
AC dose were weighed into 20 mL glass scintillation vials then mixed with 5 mL deionized
water to form aqueous suspensions. Four 5 mL aliquots of corn oil were prepared by spiking
50 pL of the 0, 1.0, 10, or 100 pg/mL TCDD in DMSO into 4.95 mL of corn oil. This
resulted in 5 mL corn oil or aqueous AC suspensions with TCDD concentrations of 0, 0.01,
0.1, and 1.0 pg/mL. All mice received 200 L of the solution corresponding to their
respective treatment group.

Five to eight-week old pathogen-free B6C3F1 female mice were purchased from Charles
River Breeding Laboratories (Portage, MI, USA). Upon arrival, 45 mice were randomized
and transferred into 9 plastic cages (five animals per cage) containing sawdust bedding; each
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cage containing five mice comprised a different treatment group. Mice were acclimated for
one week, during which food (Purina Certified Laboratory Chow) and water were provided
ad libitum until body weights of 17-20 g were reached. Animal holding rooms were
maintained on a 12:12 hour light:dark cycle at a temperature of 21 to 24 °C and a relative
humidity of 40 to 60%. All procedures involving mice were in accordance with the
Michigan State University Institutional Animal Care and Use Committee.

In-Vivo antibody-forming cell response

The experimental matrix consisted of nine different treatment groups as summarized in
Table I1. Six of the nine treatment groups (each comprised of five mice) were administered
TCDD, either freely dissolved in corn oil or as TCDD-AC suspensions in water, at doses of
0.1, 1.0, and 10 pg TCDD/kg body weight/day (Table 1) based on an average mouse weight
of 20 g. One other group was kept naive (no oral exposures) and the two remaining
treatment groups received only vehicle (i.e. corn oil or AC suspension) with no TCDD. Mice
were dosed by oral gavage (200 pL) once per day for four consecutive days. The WPC AC
and the TCDD-AC samples were delivered as aqueous suspensions by removing 200 L
from the 5 mL suspensions contained in glass scintillation vials. Care was taken by regularly
mixing suspensions between deliveries to mice to eliminate settling of the suspension. After
three consecutive days of administration by oral gavage, each treatment group (except the
naive control) received 5 x 108 sheep red blood cells (SRBC) (Colorado Serum Company,
Denver, CO, USA) by intraperitoneal injection to initiate a humoral immune response. Four
days post sSRBC sensitization (day 7), mice were sacrificed via dislocation of the neck and
total body, liver, and spleen weights were recorded. The timeline for the various treatments
is summarized in Table II.

The Jerne plaque assay was performed for the enumeration of anti-sRBC IgM antibody-
forming cells (AFCs) [41]. Briefly, 100 pL aliquots of the recovered splenocytes were
combined with 0.5% melted agar (Difco/BD), guinea pig complement (Gibco/Invirtogen),
and sSRBC. The mixture was vortex mixed and poured on to a Petri dish, overlaid with a 24 x
50 mm glass microscope coverslip and incubated for 3 h at 37°C. The AFCs, each of which
is an antibody secreting plasma cell, were enumerated using a Bellco (Vineland, NJ, USA)
plague viewer at 6.5x magnifications. Cells were enumerated with ZI Coulter particle
counter (Beckman Coulter, Pasadena, CA, USA). Data are presented as anti-sRBC IgM
AFC/1x106 spleen cells in culture.

Real time polymerase chain reaction

Mouse livers were placed in TRI Reagent (Sigma-Aldrich) and stored at =70°C. On the day
of RNA extraction, homogenized livers were phase separated with bromochlorophenol, and
RNA was precipitated from the aqueous phase by adding isopropanol. A Promega SV total
RNA isolation system was employed for the remaining extraction, purification, and DNase
treatment. Reverse transcription of total RNA using random primers was carried out with a
high capacity cDNA reverse transcription kit (Applied Biosystems, Foster City, CA, USA).
The cDNA was amplified with a Tagman primer/probe set for mouse cyplal (Applied
Biosystems) and analyzed using a 7900 HT fast real-time polymerase chain reaction (PCR)
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system (Applied Biosystems). Fold change values were calculated using the AACt method
[42].

Statistical Analysis

Differences between means of treatment groups were determined with a parametric analysis
of variance. Statistically significant differences between treatment groups and their controls
were determined using Dunnett’s two tailed #test. Statistical analyses for real-time PCR
were performed on the ACy values using Prism version 4.0a (Graphpad, La Jolla, CA, USA).

Results and Discussion

TCDD adsorption to WPC-activated carbon by incipient wetness

The black carbonaceous materials used as sorbents in this study strongly absorb incident
radiation in both visible (Raman) and mid-infrared (FTIR) regions, hence these
spectroscopic methods could not be used to assess TCDD-sorbent interactions. Additionally,
established reference extraction methods used in the analysis of highly hydrophobic organic
contaminants by high-resolution gas chromatography mass spectrometry (GC/MS) have
been shown to be ineffective (i.e. low and variable recoveries) in quantifying PCDD/Fs and
PCBs bound to porous graphitic carbonaceous materials like ACs [43-46]. Alternative
methods were developed to help evaluate the physicochemical state of TCDD in the TCDD-
AC samples and to validate dosage. Thermogravimetric analysis (TGA) of WPC AC, which
had been subjected to the incipient wetness method utilizing dibenzo-p-dioxin (DD), showed
that >90% of DMSO was removed by isothermal heating at 200°C for 2 h. Significant tailing
observed in the TGA scan at 200°C indicating the continued gradual loss of small amounts
of DMSO consistent with its presence in the micropores; similar tailing was not observed for
a predominantly mesoporous AC (results not shown). Some minor additional DMSO loss
occurred when the temperature was raised from 200 to 400°C Pyrolysis gas chromatography
coupled mass spectrometry (GC/MS) was also used to characterize the WPC AC loaded with
DD in DMSO via incipient wetness. Pyrolysis at 250°C and 350°C showed only the loss of
DMSO (79 m/z) but not DD. Loss of DD (184 m/z) was only observed directly at
temperatures of 550°C and above as shown in Figure 1. The pyrolysis GC/MS results using
DD as a conservative surrogate for PCDD/Fs strongly support the conclusion that addition of
TCDD dissolved in DMSO directly to the AC powder via the incipient wetness method, and
the subsequent removal of DMSO at temperatures up to 250°C with isothermal treatment,
would not result in the loss of TCDD. Furthermore, the high temperature required to desorb
DD (melting point = 122°C, boiling point = 283.5°C) from the AC sample suggests that DD,
and by inference the even more thermally stable TCDD (melting point = 305°C, boiling
point = 500°C), is unaffected by the 200°C used to remove the DMSO and therefore left to
reside within the micropores of WPC. This method of dosing was used in two prior studies
with no loss of TCDD [33, 34].

Effect of WPC AC on humoral immune function

Prior to TCDD animal exposures, the effects of orally administered vehicle (WPC AC in
water) on the IgM antibody response was examined in a preliminary mouse study since toxic
effects of AC exposure have been observed in benthic invertebrates [21, 22]. Mice (four per
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treatment group) received a 200 pL dose of either water or a suspension of WPC AC in
water for four consecutive days, with sensitization by injecting SRBC (i.e., antigen) on day
3. A third treatment group received the 200 pL water, but were not sensitized with sSRBC to
assess the background anti-sRBC response. The mice were sacrificed on day 7 and
enumeration of IgM AFCs was performed using the Jerne plaque assay (Figure 2) as
described above. The non-sensitized control group showed a minimal number of B cells
secreting IgM antibodies directed against SRBC. The sRBC sensitized group receiving water
showed a strong IgM response at approximately 700 IgM secreting B cells/million spleen
cells. Likewise, the group that received the AC suspension showed a similar IgM response.
These results demonstrate that WPC AC alone, at the 20 g/L suspension dosage, does not
interfere with the IgM antibody response in mice. These results allowed determination of
whether TCDD sequestered by the AC would illicit suppression of the humoral immune
response as widely established when TCDD is administered in a bioavailable form such as
dissolved in corn oil [33, 34].

Effect of TCDD adsorbed on WPC AC on humoral immune function

The effect of TCDD on immune function in mice was evaluated by quantifying the
elicitation of antigen-specific (SRBC) IgM AFCs. In agreement with previous work, TCDD
in corn oil suppressed the anti-sRBC IgM AFC response in a dose-responsive manner.
However, in direct contrast with previous work using silica and smectite clay sorbents,
exposure of TCDD sequestered (sorbed) by WPC AC did not produce suppression of the
AFC response, which was observed when TCDD was administered in corn oil (Figure 3). In
addition, a dose-dependent correlation was observed for both spleen and liver weights with
decreasing spleen mass and increasing liver mass associated with increasing exposure to
TCDD in corn oil (Figure 4). Spleen and liver masses of mice exposed to the same levels of
TCDD in the form of TCDD-AC showed no significant change compared to those of the AC
vehicle control. There was a modest increase in liver mass induced by both the corn oil and
AC vehicles compared to the naive treatment group.

To confirm the results described above, biodistribution of TCDD administered in corn oil or
in the WPC AC suspension was verified using induction of cyplalgene expression in liver, a
gene readily induced in response to TCDD treatment (Figure 5). The TCDD dissolved in
corn oil showed a dose-dependent increase in cyplal fold induction at the mRNA level. In
contrast, exposure to TCDD sequestered by AC did not induce cypZal mRNA levels, when
compared to the control. In fact, a slight reduction was observed for TCDD-AC at all three
sorbed TCDD concentrations, as compared to the control (Figure 5). These results
demonstrate that the bioavailability of TCDD when administered orally in corn oil was
blocked when TCDD was sequestered by AC. The bioactivity of TCDD when administered
in corn oil vehicle are in agreement with our previous studies [33, 34]. However, unlike
silica and saponite clay sorbents loaded with TCDD using the same incipient wetness
method, the use of WPC AC as a sorbent for TCDD was completely effective in eliminating
TCDD bioavailability in the mouse model [33, 34]. This is likely due to differences in the
mechanisms of sorption between the different sorbent materials. Unlike the formation of
complexes involving exchangeable cations shown to be key to sorption in clay materials
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[31], affinity for AC is due to hydrophobic pore-filling processes stabilized by van der Waals
attractions [47, 48].

Implications of the bioavailability of TCDD sequestered in AC

This research is meant to contribute to a better understanding and evaluation of the impact of
sorbent amendments, specifically AC, on the bioavailability of TCDD to mammals, and by
inference protection of human health. Remediation strategies for PCDD/F contaminated
soils and sediments utilizing AC amendments have garnered rapid acceptance; they are
already being used at major sites of PCDD/F contamination throughout the world despite
limited peer-reviewed studies employing mammalian models to demonstrate reduced
bioavailability and exposure potential to humans [20,39]. In the present study, the humoral
immune response and induction of liver cypZal mRNA levels, measures of relative
bioavailability [49], were studied using mice exposed to TCDD either freely available in
corn oil or sequestered by WPC AC. Whereas prior studies have documented that AC
amendments can manifest reduction in freely available HOC concentrations and
bioaccumulation by simple aquatic invertebrates and earthworms, this study demonstrates
that when such a contaminant, i.e. TCDD, is strongly sequestered by AC, its oral
bioavailability to a mammalian (mouse) model is eliminated. This is an important new
finding, but it was not a forgone conclusion simply related to reduction in aqueous phase
concentrations. In fact, our two prior studies showed that TCDD sequestered by either silica
or by smectite clay produced an identical bioresponse (i.e. immune system suppression) in
mice as that observed when TCDD was administered, freely available, in corn oil [33, 34].
Thus reductions in aqueous phase TCDD concentrations resulting from sorbent amendments
are alone not good predictors of reduced bioavailability in mammals. The present results,
demonstrating that AC can be used to reduce or eliminate TCDD mammalian bioavailability,
supports the notion that soil and sediment amendments with carbonaceous sorbents may
provide a low-cost, ecosystem friendly alternative to traditional remediation techniques such
as dredging/excavation and landfilling. These results represent the first step in the evaluation
of AC amendments as a remediation alternative. This should serve as a proof of concept
showing the potential for AC as a material capable of eliminating mammalian bioavailability
of sequestered TCDD. In this context, regulatory criteria may need to be adjusted to reflect
this diminution of bioavailability. However, additional work is needed to characterize
different types of carbonaceous materials, with different physical properties including pore
structures and surface areas and their effectiveness as sorbent amendments in more complex
environments and with prior PCDD/F contamination.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Chromatogram and mass spectrum obtained from pyrolysis GC/MS analysis of WPC
activated carbon loaded with dibenzo-p-dioxin (DD) dissolved in dimethyl sulfoxide
(DMSO) at 550°C. Direct observation of the loss of DD was observed for the two peaks
shown in rectangular box.
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Figure 2.
Preliminary mice feeding experiment with three different treatments: NA - no antigenic

sensitization with SRBC, Water — 200 pL of water per day for 4 consecutive days then
sensitized with sSRBC, and Char — activated carbon (20 mg/mL) in 200 pL of water per day
for 4 consecutive days then sensitized with SRBC. * Denotes p < 0.05 compared to water
control group.
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Figure 3.
Tetrachlorodibenzo-p-dioxin (TCDD)-induced suppression of humoral activity observed

using corn oil vehicle and not observed in activated carbon. *Denotes p < 0.05 compared to
respective vehicle control group. Results are representative of two separate experiments.
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Figure 4.
Spleen (A) and liver (B) weight to total body weight ratio. *Denotes p < 0.05 compared to

the respective vehicle control.
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Figure5.

:0)

exposed to TCDD-AC. *Denotes p < 0.05 compared to their respective vehicle (TCDD

Effects on cyplal mRNA induction and scaled response of the fold induction in mice
control.
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Table Il

Mice treatment groups and timeline for treatments

Group* Treatment

1 Corn Oil Vehicle
2 Corn Oil + TCDD (0.1 ug/kg)

3 Corn Oil + TCDD (1 ug/kg)

4 Corn Oil + TCDD (10 ug/kg)

5 Activated Carbon

6 Activated Carbon + TCDD (0.1 ug/kg)
7 Activated Carbon + TCDD (1 ug/kg)
8 Activated Carbon + TCDD (10 ug/kg)
9

Naive

Each group consisted of n=5 mice

1 } g
2 3

Takedown
Gavage

-
o
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