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A Study on the TCE/PCE Removal Using Biofiltration and
the Microbial Communities Variation Using DGGE Method

Eung-In Kim - Ok-Hyun Park’ - In-Gyung Jung*

Department of Environmental Engineering, Pusan National University
*Pohang Eco Industrial Park, Research institute of industrial Science & Technology

ABSTRACT : The removals of TCE and PCE vapor with or without a supply of toluene as a primary substrate were compared in a
biofiltration process, and the variations of microbial communities associated with the removal were also investigated. As a result of in-
vestigations on the removals of TCE/PCE in a biofilter B within which TCE/PCE-acclimated sludge was attached on the surface of media
without a supply of primary substrate, and those in another biofilter A where toluene-acclimated sludge was attached with a supply of
toluene as a primary substrate, followings were found: (i) parts of microbes responsible to the decomposition of toluene vapor partici-
pate in the removal of chlorinated VOCs such as TCE and PCE, and (ii) effective biological removals of TCE and PCE vapor do not
necessarily need cometabolism. Sequencing of 16S rDNA obtained from the band profile of DGGE (Denaturating Gradient Gel Electro-
phoresis), it was confirmed that: (i) uncultured alpha proteobacterium, uncultured Desulfitobacterium, uncultured Rhodobacteraceae bac-
terium, Cupriavidus necator, and Pseudomonas putida were found to be toluene-decomposing microbes, (ii) alpha proteobacterium HTCC396
is a TCE-removing microbe, (iii) Desulfitobacterium sp. is a PCE-decomposing microbe, and (iv) particularly, uncultured Desulfitobacterium
sp. is probably a microbe decomposable not only toluene but also various chlorinated VOC vapor including TCE and PCE.
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Fig. 1. Procedures of experiments.
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Fig. 3. Procedures of a biofilter system for treatment of TCE, PCE and
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Table 1. Characteristics of media

Dimension (mm) 12x12x12
Material poly-Urethane
Porosity (%) 99
Density (g/m3) 0.035
Surface area (m2/g) 5.82
Expansion rae (%) 290
Type Cubic
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DNA 2 uL, Tap(or hot tap) DNA polymerase (Solgent
LTD. Co, Korea) 0.125 pL& #7135t &= BdFE
A7}kl & 237} 25 uL7t HEE PCR BRELAS A
Zot 2 Aol AREE AE=E - Table 294 2T
Toluene, TCE % PCE<2] 16S ribosomal deoxyribonucleic
acid (tDNA)E Z33}17] H8iA WA A A1t (eubacteria)
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% EUB 1400RS ©]-83&t] 12t TFAEL oﬂ;ﬂﬂk—a— Els
%, EUB 340F - EUB 518R& ©]83t 22 T¢aa <
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Table 2. PCR primers used in this study

Table 3. PCR conditions used in this study

Primer PCR Conditions

EUB 10F - EUB 1400R 9 min at 95C, followed by 35 cycles of 60s
at95°C, 60s at 65.5°C, and 2 min at 72°C,
EUB 340F - EUB 518R  followed by 10 min final extension at 72 C

9 min at 95 C, followed by 30 cycles of 60s
EUB 340F GC - EUB 518R at 95C, 60s at 65.5C, and 2 min at 72C,
followed by 10 min final extension at 72 C

Primer Sequence Target  Reference
EUB10F  AGAATT TGATCM TGG CTC AG Eubacteria ~ 13)
EUB 1400R  ACG GGC GGT GTG TAC AAG ~ Eubacteria ~ 14)

EUB 340F CCT ACG GGAGGC AGCAG  Eubacteria
EUB 518 R ATT ACC GCG GCT TCT GG Eubacteria  15)
EUB 340F-GC"  CCT ACG GGA GGC AGC AG  Eubacteria

* The GC clamp added to primer for DGGE-PCR: 5-CGC CGC GCG
GCG GGC GGG GCG GGG GC-3'
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7} e gele AxsIATE DGGEAES 93] PCRAME
30 pLoll Y58 10 uLE st geloll A2 H, 60T,
70 VoA 15412 &t A719Ee AAEAT A719E
3l gel ethidium bromideE 1087+ A & UV
transilluminator (Uvitec Cambridge, UK)E A}&-3t] HI=E
2}915}9 3L Fingerprinting TT Informatix ' ZEI1%-g o] &
sto] WAE R0 WEE ARt

M=ol & QA= DNAZF ¥3% DGGE W=eo F
A5 E@ve 22 Zded F 15 mL FEO| &7]3 TE
(Tris EDTA)$HS 30 uLes #H7KsE & -70TColA 153,
60TAIA 15824 %712 % 38 whste] Astdch Gel
X DNAE FE3 F FLF ALEAS o83l o
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Fig. 4. Variations in the VSS concentration in suspended
state with operation time for various substrates.
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Fig. 5. Temporal variation of TCE and PCE removal effi-
ciency in biofilter A with a supply of toluene as a
primary substrate.
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Fig. 6. Temporal variation of TCE and PCE removal effi-
ciency in biofilter B without a supply of toluene.
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Fig. 7. DGGE band profile of toluene, TCE and PCE-adapted
sludges.
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Table 4. Sequences of extracted DGGE band profiles

DGGE band Accession No. Most closely related strain Sequence identity (%) Reference
@ AB286393 uncultured bacterium 94 % 18)
Sludge ® AF001368 marine psychrophile SW17 86 % 19)
(0 day) © AY491598 uncultured bacterium 88 % 20)
@ AB196048 uncultured bacterium 98 % 21)
T(lc(f;:;f ® X81032 Desulfitobacterium sp. 100 % 2)
Toluene ® DQ297953 uncultured soil bacterium 94 %
(10 days) ® AM399025 uncultured Desulfitobacterium sp. 100 % 23)
(2213:;:) ® AF027407 Cupriavidus necator 88 % 24)
@ EU266790 uncultured Rhodobacteraceae bacterium 96 % 25)
) @ DQ848968 uncultured alpha proteobacterium 95 % 26)
B(;"Sﬁgyrs? ® AY429892 alpha proteobacterium HTCC396 94 % 27)
@ AY 892041 uncultured Dechloromonas sp. 91 %
@ DQ103762 Psedomonas putida 90 %
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