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Chl or oorgani c conmpounds (e. 0., Chl or ophenol s,
chl or obenzenes and chloroanilines) are widely used as
solvents, fungicides and as major internedi ates for
vari ous manufacturing processes (Pearson, 1982). These
conpounds are very toxic and their toxicity tends to
increase with their degree of chlorination (Liu et al.,
1982) . Many of these conpounds tend to persist in the
environnent and pose potential health risk.

Anaerobi ¢ dechl orination of chlorobenzenes, chlorophenols
and chloroanilines have been well docunented. For
exanple, Mkesell and Boyd (1986), Nicholson et al.
(1992) have exanmined the dechlorination of 3,4,5-TCP and
identified its netabolites and pathway of degradation.
Simlarly, Wang and Jones (1994) and Ramanand et al.
(1993) and ot hers have reported on the dechlorination of
chl orobenzenes, while Kuhn and Suflita (1989) have
reported on the transformation of chloroanilines in
sedi nents. However, in all these studies, information on
the kinetics of transformations are very linmted and very
few reports have been published on the nodeling of
dechl orinati on reactions.

Recently, Arnenante et al. (1995) have devel oped a nodel

to predict the sequential dechlorination of 2,4,6-TCP
using Mchaelis-Menten kinetics. Sinmlarly, Suflita et

al . (1983) reported the dechlorination kinetics for
chl or obenzoat es usi ng M chael i s- Ment en Ki netics.

However, the authors have not included all possible
dechl orination products in their analysis. The objective
of the present work was to nodel the sequential

dechlorination of 1,2,3-TCB, 3,4,5-TCP and 3, 4,5-TCA
using a first—order reaction kinetics. The nodel

paraneters for all possible intermediate netabolites were
obtai ned from i ndependent experinents and the results
were conpared with the nodel predictions.
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From the identified internmediate metabolites (Msunaga et
al., 1996a), the transformation of 3,4,5-TCP occurred in
the follow ng steps.

3,4,5-TCP -~ 3,4-DCP + 3,5-DCP (1)
3,4-DCP - 3-CP + 4-CP (2)
3,5~DCP - 3-CP (3)
3-CP - phenol (4)
4-CP - phenol (5)

Simlar transfornati on mechani sns were established for
1,2,3-TCB and 3,4,5-TCA based on the formation of
internediate netabolites. The nmetabolites for 1,2,3-TCB
were 1,2-DCB, 1,3-DCB and MCB, while in case of 3,4,5-
TCA, 3-CA and 3,5-DCA were identified as the mmjor
netabolites. Fromthe transfornati on pathways, the mass
bal ance equati ons for t he 3,4, 5-TCP sequenti al
dechl orination are expressed as:

dc(3,4,5-7CP) _

ar -k(3,4,5-TCP)C[3,4,5-TCP] (6)
Eflffﬁgeffl:k<3,4,5—Tcp)c[3,4,5~TCP]fk(3,4*DCP)C[3:4*DCP] (7)
f&lé%;gggfl:k(3,4,5—TcP)C[3,4,5*TCP]*k(3,5*DCP)C[3,5*DCP] (8)
dC[Z;CP] = k(3,4-DCP)C[3,4 DCP] + k(3,5-DCP)C(3,5-DCP} - (9)
k(3-CP)C[3-CP]
fﬁﬂééfﬁﬂ,: k(3,4-DCP) C[3,4-DCP] - k(4-CP) C[4-CP] (10)
ﬁElE%%ﬂEil = k(3-CP) C[3-CP] (11)
EELE%%EEiL = k(4-CP) Cl[4-CP] (12)

where, k is the rate constant of the conpound, which is
identified by the respective conpound and C is the
concentration in noles/L. The main assunptions in the
above nodel equations were: i) there were no interactions
between different intermediate netabolizes, and ii) all
the metabolites formed follow a first-order reaction
mechani sm
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However, the latter assunption is not always applicable
i n heterogeneous systens (Suflita et al., 1983). The
above nodel equations were solved sinultaneously using a
fourth—order Runge-Kutta method. Sinmilar nodel equations
were witten for 1,2,3-TCB and 3,4,5-TCA and sol ved using
the above procedure to predict the sequential
dechl ori nati on.

MATERI ALS AND METHODS

The sedinent was collected from the mouth of Tsurum
river which flows into Tokyo Bay. River water above the
sampling point was also collected. The characteristics of
the sedinment are shown in Table 1.

Al chenmicals were obtained from Tokyo Kasei Kogyo Co.
Ltd. , Japan. The chemicals were of high purity and used
directly as obtained.

Table 1. Characteristics of the sedinent and details of
the experinmental runs

Interstitial water Sedinment slurry

NaCl (9% 1.7 pH 5.6
Sul fate "(mmol e/ L) 20.6 Total solids (g/kg) 272.0
Nitrate (ng/lL) ND

Ri ver water G, (unol e/ L) 4.0
Tenmperature (°C 24. Recovery (% 80- 100

4.0
NaC (% 1.5
Sul fate (nmole/L) 19.2
Nitrate (ng/L) 4.0
Oxygen (ng/L) 7.0

The sedinment and river water were nmixed to obtain a
sediment-slurry. For each test tube (total 25 for each
conmpound), 5 nL of sedinent slurry was added, which was
then spiked with 10uL of the test compound (Table 2). All
the test tubes were kept at 25 °C during the kinetic
experiments. Sanpling was done at frequent intervals till
the end of the experinent. After the conmpletion of the
experinment, the |oss of parent conpound and formation of
possible internmediate netabolites were anal yzed (Masunaga
et al., 1996a,b; Susarla et al., 1996). Al samples were
anal yzed at the end of the experinment using GO M (HP
5971 MsD) by a selected-ion-monitoring nmethod. Details of
the anal ytical procedures used were discussed in detail
el sewhere (Masunaga et al., 1996a, b)

RESULTS AND DI SCUSSI ON
From the transfornmation experinent for each conpound

studied (listed in Table 2), the anount of conpound
remaining (C) at a given tine t relative to the anpunt



initially present (C) was plotted against tine on a
sem -10og graph, the slope of the line gave the first-
order rate constant, k. Linear regression analysis was
carried out to determne the value of the rate constant,
t he nunber of data points was kept at a mninumof 8 for
all calculations. Table 2 lists the calculated k val ues
for various compounds. The k value for each compound
shown in table was obtained from an independent
experi nent. The results of t ypi cal sequenti al
dechlorination run for 1,2,3-TCB is shown in Figure 1.
1,2,3-TCB dechlorinated to 1, 2- DCB, 1,3-DCB and MCB
during the course of the experiment. Further degradation
of MCB was not observed in the incubation experinent
(Masunaga et al., 1996b).
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Figure 1. Reductive dechlorination of 1,2,3-TCB in
anaer obi ¢ estuarine sedi nent.

Table 2. First-order rate constants for chloroorganics in
anaer obi ¢ sedi nent

CcP k CB K CA k
(day™) (day™) (day™)

3-CP 0.020 MCB 0.0150 3-CA 0.001

4-CP 0.060 1,2-DCB 0.0016 3,5-DCA 0.005

3,4-DCP 0.001 1,3-DCB 0.0190 3,4,5-TCA 0.005

3,5-DCP 0.040 1,2,3-TCB 0.0300

3,4,5-TCP 0.030
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Figure 2. Conparison between experinmental data and nodel

predictions using the kinetic constants listed in Table
2. a) 3,4,5-TCP and b) 3,4,5-TCA
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To nodel the sequential dechlorination, for exanple, in
case of 3,4,5-TCP, the k values deternined for parent
conmpound and for each netabolite were used in Equations
(6-12) to obtain the nodel solution. As shown in Figure
2a, the experimental run of sequential dechlorination was
conpared with nodel predictions, in general, a good
agreenent between observed data and predicted profiles
was obtained. A sinilar analysis was carried out for
1,2,3-TCB (figure not shown) and for 3,4,5-TCA as shown
in Figure 2b. From the analysis, it is clear that the
first-order kinetic nodel satisfactorily describes the
sequential dechlorination of various chloroorganics in
the sediment.

The reductive dechlorination of priority pollutants by
anaer obi c bacteria represents an inportant step in the
detoxi fication nmechanism The sequential dechlorination
reacti on mechani sm was descri bed using a mathenmati cal
model in this work. The nodel described the experinenta
data satisfactorily using the paraneters obtained from
the kinetic experinents. The nodel is very sinple and
easy to use and the only paraneters required are the
first-order rate constants.
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