Degradation of dioxin-like compounds
by microorganisms
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Chemical structures of Polychlorinated Dibenzo-p-dioxins (PCDD), and related compounds
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Removal of Dioxins

1. Catalytic destruction --- TiO,, V,0,, Pt, Pd
2. Chemical --- Metal Na, Active carbon

3. Physico-Chemical —- SWO & Hot electron

4. Thermo destruction --- Incineration (>800°C)
5. Photo destruction -——- UV (250-340 nm)
6. Ozone destruction — O,, H,0,

7. Biological treatment — Fungi, Bacteria



Factors most likely responsible for the environmental persistence

The organisms may lack the enzymatic or biological potential to
degrade the compound.

The compound may unable to penetrate the cell.

The concentration or the physical nature of the compound may
be inhibitory to organisms to their enzymes.

The steric configuration of the compound, including the position
and degree of substitution, may prevent or hinder enzymatic attack.

The environment may be toxic or deficient in some factor essential to
support the growth of degradative organisms.



History
The first investigation : Kearny et .al (1972)

-Persistence and metabolism of chlorodioxins in soils.
-ES & T 6:1010-1017.

Active research after explosion in chemical plant

belonging to the ICMESA firm near Seveso,
Northern Italy (July, 10" 1976)
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Fungi VS Bacteria

Advantages of fungal metabolism

1. No adaptation to specific chemicals.
2. Acting on whole compound classes.

Disadvantages of fungal metabolism

Complex nutritional requirement.
Low specificity (Low yield).
High oxygen demand.

Difficult industrial application.

Ay DT



) . : L
4/ Aerobic microorganisms able to degrade dioxins
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Strain

Bacillus megaterium
Escherichia coli
Pseudomonas cepacia
P. cruciviae

P. delafieldii

P. pseudoalcaligens
P.sp.

Sphingomonas sp.
Staphylococcus auriculans
Terrabacter sp.

White Rot Fungus.

Substrate

TCDD (?)
4-nitro-DE
DE
DE
3-POB,4-POB
3-POB,4-POB
DD.DF
DD.DF
DD
DF
TCDD



Non-Chloro

Dibenzo-p-dioxin Dibenzofuran
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Mono, di, tri-Chloro

Dibenzo-p-dioxin Dibenzofuran
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Mono-oxygenation
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Dead end product
(Pseudomonas and Fungi) l oH

By S.auriculans DBF63



Observed not explained

1,2,3,6,7,8-hexaCDD
1,2,3,4,6,7,8-heptaCDD == 1,2,3,47,8-hexaCDD === 1,2,3,7,8-pentaCDD

et

octaCDD 1,2,3,4,6,7-hexaCDD 2,3,7,8-TCDD

1,2,3949698'hexaCDD \
Mono-

> / =1

1,2,3,4,6,7,9-heptaCDD = 1,2,4,6,7,9—hexaCDD _ NOH-2,3,7,8
pentaCDD

Branched pathway of PCDD microbial dechlorination
* Reproduced from : AEM, 1996, 4556-4562
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Conclusion and prospects

The attack by bacterial angular dioxygenase seems to be restricted to
all mono- and some di or tri chlorinated DD and DF.

Extension of the substrate range of DD- and DF- mineralization has to be achieved.

A process based on anaerobic dehalogenation of PCDD/F and subsequent
degradation of less halogenated products in aerobic should be recommended.

Provided that biodegradation rates can be increased significantly
by the use of (bio-) emulsifiers.
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I Biosorption vs. Biodegradation
( for the treatment of inert organic compounds)

Biosorption Biodegradation
1. Nontoxic byproducts 1. Ultimate goal
Advantage 2. Rapid 2. No secondary treatment

1. Slow

1. Secondary treatment ; .
2. Toxic byproducts in some cases

required

Disadvantage




A. Bio-degradation

Isolation of Microorganisms
1. Nutrient broth (180 colonies from soil, waste drain and hood )
2. Minimal salts Medium with 1,2,3,4-TCDD/F or 2,3,7,8-PCDDs (9 strains)

Analysis
1. GC analysis
2. GC-MS analysis

Dibenzofuran 1,2,3,4-TCDD/F 2,3,7,8-PCDD/Fs

1 strain 6 strains 2 strains



B 3 BiO ads 0 rp tiO n Results of Protein Molecular Modeling

- Protein Sequence
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NAETDCETFETQ-c
From Bacillus Pumilus PH-01

5
Adsorption of another dioxin 1somers



sorption

radation

Research on going

Complete structure

determination . e

Kinetic Study

Mass production through
molecular biology

Development of field situation

applicable Microorganisms

—
Development of

Hybrid system
—




Bio-transformation of PCP by mixed culture
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CHOIS Al 2R SIS 26 24 Y= 3J148 MRS 271 84,018, BS 1B
Nz W k=% JE(S3S712)

Acinetobacter sp. PE7 N.D 4-2=2 2-DE

Alcaligens Jbl N.D 2-2=22-DD

Bacillus denitrificans (ATCC 13368) N.D TCDD

Beiferinckia sp. B8/B6 Cl= Al HILEA DF,DD

DP0220 DF 4,4a-C| = Al A LEA DF

Erwinia (mutated) CU3614 N.D 4-LIE2-DE

E.coldM107i N.D 4-L|E2-DE

P.cepacia N.D DE

P.cruciviae 593B1 N.D DE

P. delafieldii ET1 N.D 3,4-POB

P. Pseudoalcaligens POB310 POB 1,2- CI= Al HILIAI 3,4-POB

P. B13-D5 POB 1,2- C| = Al AHILHA 3,4-POB

P. B13-D5C POB 1,2- CI = Al HI LA 3,4-POB

P. HL7B N.D DF

P. N.C.I.B 9816 CI= AIAHILEA DD

P.NSS2 POB 1,2- CI = Al HI LA 3-POB, 4-POB

P. pBS3 N.D DF

Rhodococcus sp. HH19K N.D DF

S. HH19K DF 4,4a-C|= Al Al LEA DF

S. HH69 DF 4,4a-C| = Al A LEA DF

S. RW1 DF 4,4a-CI= Al I LEA DD,DF

5988 DE 1,2-CIS Al HILEXI DE

S SS31 DE 1,2-CI= Al AILFHI DE

SFSS38 DE 1,2-CI= Al HILEA DE

Staphylococcus auriculans BDF63 DF 4,4a-CI = Al AILEA DF

Terrabacter sp. DPO360 DF 4,4a-C| = Al AILEA DF

Terrabacter sp. DPO1361 DF 4,4a-CI= Al AILEA DF

D B O 82| % 2000.12
ot of

N.D : Not Detected
P : Pseudomonas

DE: CIHE0HZ
S: Sphingomonas

DD: C+Ol 8l Z=-p-

DF: 0| #ll ==

gt POB : = Al QFAISEA




