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Abstract

Project Code: RMU5080012
Project Title: Reductive Dechlorination of Hazardous Chlorinated Organic Compounds in
Sediment
Investigator: Assoc. Prof. Dr. Jin Anotai
Dept. of Environmental Engineering, King Mongkut’s U. of Tech. Thonburi
E-mail Address: jin.ano@kmutt.ac.th
Project Period: December 1, 2006 to November 30, 2009

This research project studied the biodegradability of hexachlorobenzene and
polychlorinated biphenyls, both of which have been classified as the persistent organic
pollutants (POPs) in the Stockholm Convention, under anaerobic condition in the stream
sediments. Twenty eight sediment and water samples from 10 streams were collected
and used in the study in three medium forms, i.e., filtered sediment slurry, non-filtered
sediment slurry, and sediment layer to simulate actual condition of the stream sediment.
Hexachlorobenzene could be dechlorinated effectively in all three media tested under all
conditions via the major pathway to pentachlorobenzene, 1,2,3,5-tetrachlorobenzene,
and 1,3,5-trichlorobenzene, respectively. Minor pathway to pentachlorobenzene, 1,2,4,5-
tetrachlorobenzene, 1,2,4-trichlorobenzene, and 1,4-dichlorobenzene, respectively, was
also detected in some cases. The most important factor was temperature. Within the

studied range of 15 to 45°C, the optimum temperature were found in between 30 and

40°C, very close to the typical temperature in Thailand. This was significantly different
from most developed countries, where the hexachlorobenzene was found to be very
persistent in the environment, that have very fluctuated temperature. As a result from
temperature variation, the indigenous microbes in the stream sediments in Thailand
were more diverse than those in developed countries. Hence, hexachlorobenzene could
be effectively degraded and, thus, should not be considered as a persistent organic
pollutant in Thailand. Hexachlorobenzene dechlorinators were methanogens and gram-
positive bacteria which could resist to vancomycin. The dechlorination kinetics followed
the Michaelis-Menten equation with the apparent maximum dechlorination rate constant
and the half-saturation constant of hexachlorobenzene were 0.45-0.73 mg/(l.day) and
3.2-17.2 mg/l, respectively. Dechlorination of polychlorinated biphenyls, however, was
unimpressive as compared to hexachlorobenzene. Of all 21 congeners being tested,
only 2,3,4-trichlorobiphenyl could be dechlorinated in all scenarios but took much longer
time than hexachlorobenzene. The 2,4,4’-, 3,4,5-trichlorobiphenyls, 2,4,2’,5-, 2,3,2’,5'-
and 2,3,4,4’-tetrachlorobiphenyls could be merely degraded under certain conditions
whereas the remaining congeners could not be dechlorinated by any means. These
results indicate that polychlorinated biphenyls are highly resisted to biodegradation and
become the persistent organic pollutants in Thailand.
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