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ABSTRACT

The toxicity of methyl ters-butyl ether (MTBE), tert-butyl alcohol (TBA) and formaldehyde (FA) on the indigenous
microbial community in forest soil was studied. MTBE, TBA and FA with different concentrations were added into micro-
cosms containing forest soil samples. After 10 and 30 days, total viable cell number and dehydrogenase activity in the
microcosms were evaluated. Bacterial communities in the microcosms were also analyzed using a denaturing gradient gel
electrophoresis (DGGE). Dehydrogenase activity and total viable cell number were decreased according to the increase of
MTBE, TBA and FA concentrations (P<0.05). FA toxicity was the highest, but TBA toxicity was the lowest. The results
of principal component analysis using DGGE fingerprints showed that the microbial communities contaminated MTBE,
TBA and FA were grouped by exposure time not exposure concentration. Dominant species in the microcosms were as
follows: Photobacterium damselae sub sp. and Bacillus sp. KAR28 for MTBE; Mycobacterium sp. and Uncultured
Clostridium sp. for TBA; and Uncultured Paenibacillaceae bacterium and Anxynobacillus, Flavithermus for FA.

Keywords: Fuel additives, forest soil, methyl zert-butyl ether (MTBE), tert-butyl alcohol (TBA) and formaldehyde

(FA), microbial activity and structure
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Table 1. Characteristics of soil samples

pH 7.1£06

Moisture Contents (%) 35.0+0.2
Organic matter Contents (%) 12.2+0.3
CFU (CFU-g-dry soil™) 1.3x10°+210°
DHA (pg-g-soil'-day™) 630+89
Clay (0~2 pm) (%) 8

Silt (2~50 pm) (%) 14

Sand (50~2000 pm) (%) 78

Soil texture(USDA) LS

LS: loamy sand

B

&7 - 3187 EAS Table 19] YeERHUT H#3
200 ml ol NE 35 ¢ AT 25 me ¥
3 MTBE, TBA, FAZ F¢ 3 & 4Fn|F UPHE
937 parafilm® 2 ©s] WEsic) S4EH] =

Z7AL FY FE 7]1¥& MTBE= 0, 50, 100, 250,
500, 750 mg/LE 3.2, TBAE 0, 5,000, 15,000,
20,000, 25,000 mg/L, FAE 0, 03, 06, 09, 12,
1.5 mg/LZ ST BE AL 3 yHEo 2 £
o o] WS HEA slellA] 16A17F, d27 slolA
A7k & ale] AL (2582°C)004 W] §F & 10, 30

SRR w@%}
FE A A ol

3. SAIXNE|

RE 242 ke et Hax] jhe AL
At} ®3k, MTBE, TBA ¥ FA ¢ F%¢ 7
microcost] EOkg,] %ﬂ . ﬂs} . }\g L;G _E_/H 7}9,]
FARAE ZARP] f18te] o H B gAA S (divariate
correlation coefficient) F4]2 4331t} SPSS FA
package(ver 12.0)8 ©]&3ll Pearson's “JTHATE 3}

AL, FolA AL ST

-

—

4. DGGE2 0|38 =& 24

Z}7He] EYRAE 1 g& AF st EY A58 DNA

ZFZ Kit(Q-Biogene, Carlsbad, CA, USAE °]&3l4
genomic DNAE FZ3%t & o] DNAE templateZ 3}
o PCR(PCR system 2700, Applied biosystem, USA)
< Y3t oju] A8t primeres eubacterial 16S
tDNAgene primers= 341fGC(5-CCT ACG GGA GGC
AGC AG-3)92} 518t(5-ATT ACC GCG GCT GCT
GG-3"°|t}? PCRAAS 3 SFF genomic DNATH
-5 DGGE(Denaturing  gradient gel elecrophoresis) =
EAE . Aol ou|A]E gel Comper T(Applied
Maths, Version 3.5)5 ©]8-3}%] band matchingS 3}
quantity 72 7+ = ATk DGGE gel “dell et
E0]4<2] bandE :'—1’/} sequencing3} <] the National
Center for Biotechnology Information(NCBI) website2]
Basic Local Alignment Search Tool(BLAST) algorithm
< 53}°] GenBank database®} B3} T
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Table 2. Comparison of Shannon diversity index (H')

MTBE Shannon - Weaver TBA Shannon - Weaver FA Shannon - Weaver
(mg/L) Index (H') (mg/L) Index (H') (mg/L) Index (H')
0 1.74 0 2.89 0 2.87
50 1.90 5,000 2.75 0.3 3.21
100 1.87 10,000 2.23 0.6 3.13
250 1.90 15,000 2.71 0.9 245
500 2.44 20,000 2.94 1.2 2.62
750 2.31 25,000 2.14 1.5 2.32
5. 0/d4E Cidd 24 7 1500
Z} AlEe] DGGE fingerprints 7k fFAMIS o] 2 L0L® (@MIBE o 10day
7}817] 9151 DGGE 7t band intensity 7S 2E T o e, 0
DGGE band®] intensity 302 Uie e o] 83}, e ! ‘HT:nH
/3352 (Principal component analysis, PCA)S 4~ ?'3 600 I~ /" :"11;Q_'- ~~——_5
SSIATHSPSS ver. 12.0).Y S wor LI T~
=3k, 7} DGGE band®] intensityS %E band] = it L
0 200 400 600 R00

intensity FHOE UiE 7S o] 83l thee e
E3&}ed Shannon-Weaver A|<=(H)S AAFsIITHY

H' =->pilnp;

o714 H'= Shnnon T4 A4, pE DGGE
band;®] intensityS ®E band intensity O E LHE
e onsi,

L. 23 % oF
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Fig. 12 MTBE®} Z tiAbEo] 4+ mAl&Ee] &
FhEA B0 MRE dFS AR Aot 2]
2 B Ul g4aas 448 630 g g-dry soil -

] 3242 H (P>0.05), 30
d F ABdME FUERE 71wt geaas &
g0 A23SATHP<0.05). TBASH FA ¢ 2719 4
10, 304 733 F Y w2 FTIE AZe] Bl
el Eeafa @4o] Aasiglon] A 24 A3
FolAQl ae ERITHP<0.05). SAEE te =
= 10, 309 44 ¥, A4 S4=E A7 w= 37
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Fig. 1. Effect of MTBE, TBA and FA concentrations on
dehydrogenases activities in the microcosms after 10
days and 30 days.
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Fig. 22 MTBE, TBA, FA°] k% A7l 20X
10, 304 A & EG W T Aldre] dskEs veRd
Aolth,

MTBE % 108 ¥ ¥, A% 271100 mg/L)
dMe rdE 7t S7kke AEE UERiev F4
B2 Axl §9314] 2%OH (P>0.05), 30d I A8
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Fig. 2. Effect of MTBE, TBA and FA concentrations on viable
cell numbers in the microcosms after 10 days and 30
days.
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N bandE ZE 971 MEES £4]3te] BLAST
algorithms £3}o] GenBank database$} ¥lx, 5743}
o] AZYEE BAE Fig 490 TN

MTBEY] =ZA|71 7%-(Fig. 3(a)), M-1 band®] 73-$-
uncultured bacterium(EF430467)3} 93%, M-2, M-4,
M-5, M-6, M-8 band®] 74-% uncultured bacterium
(AJ749800)3} 99%, M-3 band®] 7d-%- volatile fungi-
static compoundE AAske B Ao 27 Felgh
Basillus sp. MHS-022(EU558534)¢} 99%2] FAMIS
B3t M7 band®] 739 WAl @A AHFoA e
TFZ uncultured soil bacterium(AY254985)3%} 100%
o FAMSS YERATH

TBAY =Z¥ 7%-(Fig. 3(b)), T-1, T-10, T-12 band
9] 739 21E0] 25E A HolM WAEE Photobacterium
demselae sub sp.(EU887216)2} 100%, T-2 band<]
739 Bacillus(EU571204)2} 99%, T-3, T-4, T-6, T-7,
T-9, T-10 band®] 7%, E-2A|oX ZAEE uncultured
bacterium(AJ749800)2F 100%2] FAM3S YERATH
T-5 band®| A9 wetgMFe] 54& 7HHeH
uncultured bacteriodetes bacterium(EU300485)3} 98%
o FAMIS vEl o™, T-8 band?] 7% 3718 =4
olxe] Ak EoA YERd= crystalline iron At} A
TALE EAS 7 uncultured Firmicutes bacterium
(EF643623)7} 95%°] frAMd-S YERTE T-11 band®
7%~ uncultured bacterium(DQ829107)3} 93%, T-13
band®] 73~ nitrate, sulfate, ferric ionS A A)7]=
HNFEE LA uncultured Clostridium sp(DQ168157)
I 96%°] FAMSS JERRSM, T-14 band®] 75
PAHZ 2949 HEGNA £ Mycobacterium
sp. FI-03019(AY907840)2} 100%2] -AMIS LERATE

FAd| =%% 7Z-$(Fig. 3(c)), F-1 band®] 7% uncul-
tured Flavobacteria bacterium(EU861969)3 99%, F-2
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Fig. 3. DGGE fingerprints of the forest soil samples contaminated with MTBE (a), TBA (b), and FA (c) after 10 days and 30 days.
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soil bacterium(EU359939)3} 98%, F-11 band®] 73-%-
= 299 A9dA E2l3t uncultured Desulfito-
bacterium sp.(DQ117470)9]- 93%2] A YERATH
TS ke HES 43 43HFg. 4), gamma-
proteobacteria, delta-proteobacteria, Chloroflexi, Actino-
bacteria, Clostridia, Bacilliz. A X 2152 ol
o 2] EF AlFAM U #42 =2 uncultured
bacteriume] F2 o] FZFUTE 53], Clostridium
sp., Phylobacteriaceae bacterium, firmicutes®l] <38F=
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T-11, EUS8"213,050, ]
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T-14. EUSB™215,.08%
'Mycobacterua sp., F1.0,109, AY907540 -
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AE3. F-6, EUSS™21", 100%
‘Bacillus sp. KARZE, EUSS85M
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EUSTI204
T-3, EUS8™120, 00%,
Bacrlfus sp. G2DM-33, D4 16793
F-2, EU887220,04%
Uncultured Poesibacifiacasebacterivm, EV044428
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F-15, EUSS™232.80%
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T-8. EUSS™221. 054,
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H
a0z
Fig. 4. Phylogenic tree illustrating the relationship of the clones from the tidal mud samples contaminated with MTBE (M-1~M-8),
TBA (T-1~T-14), and FA (F-1~F-19).

&2 Clostridia, Bacillius= DNEEE THIYFOR W QA4S ow|3ity. MTBE, TBA 2 FA 24 7
ol #E2 TS g0 EEske ZloE dEA A o H7F =, AR AR AVIE B B W 2 8
T} 22 3k TBA =& Al UERd Mycobacterium sp. A5 oJ5) AEEC] o' FAAAE 7HA=A A
9] 739 actinobacteria®ll &3h= 452 FFEoIY Hodth 1 A3}, MTBES} TBA & Z7dA e v
F2 d® A9 EFA tirt ez w9 4L e 28 Il 7 I25eR s A= s
el 7FsAde] de dFE g4 JrkiP #F & F AR (10247 30Y) FA =5 Z00A

Fig. 55 MTBE, TBA % FAS #7lslo] ¢l9jdo= = 2ush FA 9t o= MTBESH TBA: Y
30¢ & LEAIZI AE AlE2] DGGE fingerprintsE gaglo g BE3go| o] 8E oL, FAY 749 5ol 9
F/d+ 4] (principal component analysis, PCA)H 2 3l FAOl =22 7S e g2 SRy I1A
Foltt. AlE7F PC13t PC29Y w2k 15317} o] o] o7 s o Qle) R wiolM= Al A
© AL AEE 7 AHEATE 95 ov]Eed, 3 He seg JehEnh® ek, o AEHe] FH)
o714 PCl¥ PC2E A& Zhztel] 283k 48 =4 FY =7 vAE ol G PHANE = A
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Fig. 5. Principal component analysis of MTBE, TBA and FA

concentrate after 10 days (open symbols)and 30
days(closed symbols) in the microcosms.
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= s eotth mAE ) S o)A

B>

.
ge e 57 47] 09 B4 49 A AR 2
el Aol7k A2l YASE 2 crude oilel 2.3

H]odd xojo] 2 mAE 3 WIS AR 43}
L9 sited] MAE 2FC] F7F 13013 A silen
T. officinales} A. australis®} 7+ U35l 53315
o E5Ags o] ST B STh
S nAE 27 A Qo] 712l 7P Fastt
I BT sigjen s 2 AT Fxol HIE
Sl B3 SN e o YEHo] gAhYdeg
2 gy} pAENA F83 gagdo® olgHrhH 1
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T ORRE e F BRAES BYY F AT
MTBE, TBA 2 FA ¥%7} 37} 952 702819
ThP<0.05). AY EF PR o) Al B4
FAS] 54o] 714 Z13L TBAZE 713 Aot 7t A&
o] DGGE fingerprints 2345 Fw24S & 44
nAE +FHS MTBE, TBA ¥ FAS| & Hue &
SAIZM el RIeAl d3E EEs & 5 ATk
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