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Introduction

Dioxins emitted from indnerators penetrate into the environment by (1) uncontrolled legkage from the
fadlity, (2) ash drifting through the ar and sail, (3) burnt ash buried in the ground into seepage water and
theriver ssdiment.

Dueto the Dioxin Control Act enacted in January 15, 1999, dioxin emissons dueto (1) and (2) aboveae
being reduced in Japan”.  However, most of the dioxins previoudy emitted have still been accumulated in
high concentrationsin il and theriver sediment.  Dioxinsaccumulatein human organsby food chain &
about 2.1 pg-TEQ per day, and the hdlf life of the excretion outside of thebody issevenyears”. - Wehave
to establish a systematic remediation technology againgt dioxins contaminated in water and soil as soon as
posshle

Bioremediaion involves acomplex enzymdtic reection pathway.  Though there are examples of whiterot
fungus? and the CA10 sirain®, which reguires a long time duration to destroy dioxin®. Mogt of the
microorganiams usad in the resserch remain inart and ineffectivee, because they logt their ability to degrade
23,78 TCDD, due to a geric hindrance of the Sructure of the chlorinated dioxins.  This paper covers
biodegradation of polychlorinated dioxin and shows utility of the thermophilic Badillus midousji
(SH2B-12) drain, which is currently predicted a destruction effect.  This SH2B-X2 srain weas discovered
by Hoshing®? in a.compost from the tree lining the roadsiin the dity of Osska. This organism is aerabic
with optimd growth temperature of 65C. Mutations are d 0 easily proneto occur in thisbecteria, and after
the lag phase has continued for gppropriate time, suddenly, it starts to grow during the log phase, with a
meen generation timeis 7 to 8 minutes

This paper describesthat the SH2B-I2 drain hasthe capebility to deave the oxygen link or ether linkageto
bregk down dioxins Thispeper further evd uatesthe characteridtics of abioreactor and growth conditionsin
degradation sysemswith becterid, which isverified to act on dioxins

Methodsand Reults

1. Condition of dioxin degradation of SH2B-J2 drain, and breskdoan mechanism

A fluorescence substrate” (synthesized from chlorinated monobenzene and esculetin was used in atest to
verify paformance in bresking down dioxins, in which a high luminance fluoresoent light is observed
when the dioxin oxygen link or ether linkage is opened. This test paformed a 65C for 18 hours, the
fluoresoence assay subgrate was broken down by the SH2B-2 drain when cultivated with 1 g/L of fly esh
of dioxins  Cleavage reaction was detected in the oxygen link or ether linkege of the dioxin to obsarve an
eculdin oot formation on TLC plaie  The location of this enzyme generated by this induction was
confirmed in the cdl membrane fraction by the fluorescence assay on TLC plate dso (65C, 18 hours). An
enzyme in this cdl membrane was showen to bresk down the 2,3 7-trichlorodibenzo-p-dioxin (2,3,7
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-TCDD) under the 65C, 18 hours growth conditions by enzymelinked immunasorbent assay do.
Membrane fraction was prepared by an ultra centrifugation (50,000xG) of sonicated P2 cdls by fresh
culture induced by fly ash. Vigorous sheking culture was performed for 3 hoursin Tripticase Soy Broth
(BBL) with Y eest Extract (DIFCO).

Bath thefluorescence assay and braking 2,3,7—TCDD by ELISA using the membrane fraction suggest the
enzymewithin the membrane broke down thedioxin.

On the other hand, when fly ash added with dioxin contaminated water was cultivated in a seded
Erlenmeye’s flask with SH2B-I2 drain for 24 hours a 65C, polychlorinated dioxins were broken down
and thedioxinstoxic equivalency quantity basewas confirmed to be degraded by approximately 34 %.

Also, in the 48 hour aultivation & 65C parformed, which was utilized as 0.01 m bioreactor, TEQ

degradation level was confirmed by approximatdy 70 percert.
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Figurel: A spot of decompastion product from fluoresoence assay subgirate
which issgparated by Thin Layer Chromatography
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Polychloro-dioxins

Figure 2 Each concentration on palychlorinated dioxins in the bioreactor and biodegradation
rateby SH2B-J2 grain

2. Egablishing technology for planning and implementing dioxin degradation

Research focused on technicd condition for degradation of dioxin-contaminated water and soil leed to the
following resuits

(1) A bioreactor for the dioxin-contaminated water and soil with SH2B-22 drain wias designed and built.
Thisbioreactor consisted of abetch type bioreactor onascdeof 001 n,

(2) To sudy growth factorsfor SH2B-2 reector, kingtic equation was cdibrated. A dynamic characteristic
andyss of growth wes monitored from a sugar degraddtion of this bioreactor and confirmed that
exparimentd results with bacteria concentration, axygen potentid and substrate concentration metched to
the kinetic equation”. It was found that the oxygen consumption rate is amgjor factor on growth of the
SH2B-2 srain . In the post-log phase, the andyticd code was used to determine that the overdl
volumetric coefficient reguired for maintaining oxygen potential of gpproximetely 1 ppmor moreis20H,
(3) The actud design spedfications for the baich type bioreactor determined ar parmeshility by this
expaimentd eguiation.

(4) Oxygen potentid isthe primary dement essentid to growth of the SH2B-I2 strain. The additives were
d andyzed to determine the optimd concentration of medium , cacum ions, dimethylsulfoxide
(DMS0) and zedlite tone. Mainly, the minimum amounts required were determined for each additive
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(exogpt DMSO) from the point of the operation codis It was LEs0g —oth capacity of Sti2s
found thet there is threshold on DM SO concantration which g
if it is exceaded DM SO interfered with the culture growth.
These reaulits will give a besic data for future evauaion of

£
actudl operation ofculture method. §1E+08 :
Discusson % i
The breskdown of the dioxin and fluorescence assay with ] Initial strain
the SH2B-2 dran indicated thet the extremdy minute 1E+07 Bt QM -t
decompogdtion product was a ocompound of a 1 10 100 1000
nephthalene-like sulfete group with amoleculer weight neer DMSO [mi/L (aq)]

420, This product suggests a meabdite with i

glutathione Stranderase or aylauforanderase sbdituted ~ FiGUre 3 Growth of SH2B-J2
into the sulfite-group after deavage of a hydroxyl-group. drain after 65C, 12h on
With the emission of dioxin reduced, the amournt of dioxins various added DMSO
entering the environment decreased.  However, there is concentration.

dill no technology for degradetion of dioxin effectivdy and economicdly in the environment in the pedt.
The sudy performed here for biodegradation of dioxins will surdy prove a dgnificant Sep towards a
practical and low-cogt technology.
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