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Isolation and Charactenrization of Enterobacter hormerchei

JH removing hydrogen sulfide

Sung-Hyun Kim

Department of Microbiology, Graduate School,

Pukyong National University

Abstract

In an effort to discover sulphur-oxidizing microorganisms, a new bacterium was
screened from barnyard manure. The conventional biochemical" tests were
performed using the Vitek. And its 16S rRNA gene sequence analyzed. This strain
had highest similarity to Enterobacter hormaechei, 99%. The selected strain was
named Enterobacter hormaechei JH. The selected strain was an aerobic gram
negative rod-shaped bacterium. The pH range for E. hormaechei JH growth was
2.0-9.0, and the optimal ‘pH was. determined as pH 7.0. The optimal temperature
for growth was 30C.

I compared the growth of this strain with Thiobacillus delicates(KCTC 2851),
which is a well known thiosulfate oxidaizing microorganism. E. hormaechei JH
presented greater growth than 7. delicates(KCTC 2851). The strain converted
from thiosulfate to sulfate at 0.16 M. highest. This strain very well utilized

galactose and yeast extract for carbon and nitrogen source individually. E.



hormaechei JH shown more effective growth compared with 7. delicates(KCTC
2851).

In a batch test, E. hormaechei JH , Enterobacter hormaechei(ATCC 49162;
CIP 103441) and T delicates(KCTC 2851) represented their H,S removing
properties after 20hrs. E. hormaechei JH reduced H,S 36.5 ppm, 25.7 ppm, 8.5
ppm and 3.0 ppm in 0.5, 1.0, 2.0 and 5.0 ml incubation volumes. E. hormaechei
(ATCC 49162; CIP 103441) detected H>S 108.4 ppm, 102.3 ppm, 98.7 ppm and
98.5 ppm in 0.5, 1.0, 2.0 and 5.0 ml incubation volumes. and 7. delicates(KCTC
2851) have 33.2 ppm, 22.4 ppm, 18.0 ppm and 3.1 ppm in 0.5, 1.0, 2.0 and 5.0
ml incubation volumes. In a bench-scale biotrickling filter, E. hormaechei JH
remove over 95% of H,S under EBRT(Empty Bed Retention. Time) 1min, at a
H,S concentration 500 ppmv. Various tests have been conducted to. evaluate the
effect of H,S inlet concentration and' EBRT on H,S elimination. On EBRT 1 min,
removal efficiency decreased from 95% to 60% at H>S concentration 500 to 2000
ppmv. After that removal efficiendy increased as increasing EBRT. On EBRT 3
min, it showed almost 100% removal of H;S. Maximum elimination capacity
represented 118 g/m’hr.

From this study, the biotrickling filter have a excellent-ability to removal
efficiency of H,S and would be successfully useful in a commercial plant process.
I suggest that this strain will be a good candidate for maintaining high H,S

removability in biological deodorizing systems.

- Vil -
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Table 1. The physicochemical properties of odorous compounds
(Weast, 1976, Ramel and Nomine, 2000)

compound Formula MW Sg?:gigf MP (CT) BP (C) Solubility”
Ammonia NH;3 17.03 - —=77.7 —-33.4 89.9¢g
Methyl mercaptan CHsSH 48.11 0.896 —-121 6 sl.s
Hydrogen sulfide H.S 34.08 - —-82.9 —-60.4 437cc
Dimethyl sulfide (CH3)2S 62.14 0.845 —83.2 37.5 1.
Dimethyl disulfide CH3SSCH3 92.14 1.057 Liquid 116 i
Trimethylamine (CH3)sN 59.11 0.662 —124 3 v.sl.s
Acetaldehyde CH3;CHO 44.05 0.784 —123.3 20.8 00
Propionaldehyde CH3CH2CHO 58.08 0.8058 —80.05 47.93 16.5g
n-butyraldehyde CH3(CH2)2:CHO 7 2N 0.8049 -99 75.7 3.7g
i-butyraldehyde (CH3)2CHCHO 72.11 0.7904 6540 64.2 8.8g
n-valeraldehyde CH3s(CHz)3CHO 86.14 0.8105 =Q175, 102.5 sl.s
i-valeraldehyde (CH3):CHCH.CHO 86.14 0.8004 Liquid 92.5 sl.s
losbutanol (CH3)2:CHCH20H 74.12 0.8018 —108 108 9.5g
Ethyl acetate CH3CO,CoH5 88.11 0.9005 WeE.6 76.82 7.87g
Methyl isobutyl ketone CH3COCH.CH(CHs): 100.16  0.7960 —84.7 115.9 1.7¢
Toluene CeH5CHj3 92.14 0.8716 -95 110.8 1.
styrene CsHsCH=CH. 104.15 0.907 31 145.8 v.sl.s
Xylene CeHi(CHs)3 106.17 0.861 —4%4 138.4 i
Propanoic acid CH3CH2COOH 74.08 0.999 —22 141 S
n-butyric acid CH3(CH>).COOH 88.11 0.959 —=5.7 163.5 ©o
n-valeric acid CH3(CHz)3COOH 102.14 0.939 —34.5 187.0 3.7g
i-valeric acid (CH3)2CHCH2COOH  102.14 0.928 —37.6 176.5 4.2g

# Solubility is given in parts by weight per 100parts by weight of the water.

(v. sl. v: very slightly soluble, sl. s: slightly soluble, i.:

insoluble)
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Y Y =alog{ + b
X (ppmv, %) —
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Fig. 1. Weber-Fechner’s law (A) and (B).



Table 2.

Relationship

between

(Nagata and Takeuchi, 1990)

odor

intensity

and

concentration

Materials

formula*

Odor Intensity

(=) and concentration (ppmv)

1 2 3 4 5
Threshold Moderate Strong Very strong Over strong
Hydrogen sulfide y=0.950logx+4.14 5.0x107" 5.6x10" 6.3x10" 7.2x107 8.1
Methyl mercaptane y=1.25l0gx+5.99 1.2x107 6.5x10  4.1x107° 2.6x1072 1.6x107
ethyl mercaptane y=0.808logx+4.86 1.7x107° 2.9x107 5.0x107° 8.6x107° 1.5
Dimethyl sulfide y=0.784logx+4.06 1.2x107 2.3x107°  4.4x107 8.3x10™' 16
Diethyl sulfide y=1.08logx+4.69 3.9x10*  3.3x10°  2.8x10°  2.3x10” 2
Dimethyl disulfide(1) y=1.05logx+4.45 52x10™  4.6x10°  4.2x107 3.7x10™" 3.4
Dimethy! disulfide(2) y=0.985logx+4.51 2.8x10™ 2.9x107° 3.0x107 3.1x10”" 3.2
Formaldehyde y=1.53logx+1.59 4.1x107" 1.9 8.4 38 170
Acetaldehyde y=1.01l0gx+3.85 1.5x107° 1.5x107? 1.5x107" 1.4 14
Acrolein y=1.51logx+3.30 3x107? 1.4x107" 3.3x107" 2.9 13
Propionaldehyde y=1.01logx+3.86 1.5x107° 1.5x107 1.4x107" 1.4 13
n—Butylaldehyde(1) y=0.900l0gx+4.18 29x10™*  3.8x10°  4.9x10%  6.3x10” 8.1
n—-Butylaldehyde(2) y=1.03logx+4.61 3.2x10*  2.9x107° 2.7x107° 2.5x10" 2.3
i-Butylaldehyde y=1.06logx+4.23 9x10™ 7.9x107° 6.9x107° 6.1x10™ 5.3
n-ValerButylaldehyde y=1.36l0gx+5.28 7.1x10*  3.8x107° 21x107? 1.1x10™" 6.2x10™"
i-ValerButylaldehyde y=1.35l0gx+6.01 1.9x107 1.1x10°  5.9x10°  3.2x1072 1.8x10™
Acetone y=1.79logx-1.64 30 110 400 1400 5200
Methyl ethyl ketone y=1.85logx+0.149 2.9 10 35 120 410
Methyl isobutyl ketone  y=1.65logx+2.27 1.7x107 6.8x10"" 2.8 1 45
Methyl acetate y=2.17logx-0.864 3 21 61 180 510
ethyl acetate y=1.36logx+1.82 2.5x107" 1.4 7.4 40 220
Methy! acryrate y=1:30l0gx+4.30 2.9x107 1.7x107° 1.0x10" 5.9x107" 35
ethyl acryrate y=1.26logx+5.65 2x107™* 18107 8.0x107°  5.0x107%  3.1x10”"
Methyl methacryrate y=2.05logx+2.68 1.5x10™" 4.7x107" 1.4 4.4 14
n-Butyl acetate y=1.14logx+2.34 6.6x10°  5.0x10™" 3.8 2.9 220
n-Butyl acryrate y=1.00logx+4.56 28x107*  2.7x10°  2.7x102  2.7x107 2.7
Propionic acid(1) y=1.46l0gx+5.03 1.7x107° 8.4x10°  4.1x10°° 2.0x10™" 9.7x10™"
Propionic acid(2) y=1.88logx+4.60 2.4x107° 1.8x1072 6.9x107° 3.7x10™" 1.9
n-Butyric acid(1) y=1.16l00x+5.66 9.6x10° | 7.0x10°*  5.1x10°  3.7x10° 2.7x10”
n-Butyric acid(2) y=1.29l0gx+6.37 6.8x10° | 4.1x10*  2.4x10° 1.5x107 8.7x1072
I-Butyric acid y=1.43logx+5.08 1.4x107° 7.0x107° 3.5x1072 1.8x10™" 8.8x10™"
n-Valeric acid y=1.58logx+7.29 1x107™* 4.5x107 1.9x107° 8.2x107° 3.5x107
i-Valeric acid y=1.09l0gx+5.65 5.3x107° 4.4x107 3.7x1072 3.0x1072 2.5x107"
Methanol y=1:84logx-2i23 57 200 700 2500 8600
ethanol y=0.318logx+1.36 3.6x10"" 6.1 100 1700 28000
i-Butanol y=0.790l00%+2.53 fiex1072 - 2.2x10! 4 74 1400
Phenol y=1.42l0gx+3.74 12x102 5.9x1028,0x10™ 15 7.7
0-Cresol y=0.826l0gx+3.83 3.8x107" 6.4%x107° 9.9x107° 1.6 26
m-Cresol y=0.792l0gx+4.08 1.3x10°*  2.4x107° 4.4x107° 8.1x10™ 15
p-Cresol y=0.604l0gx+3.64 4.2x107° 1.9x107° 8.6x107° 3.9 180
Ammonia y=1.67logx+2.38 1.5x107 5.9x10"" 2.3 9.2 37
Methylamine y=1.03logx+4.10 9.5x10™*  8.9x10°  8.4x1072 7.9x107" 7.4
Ethylamine y=0.811l0gx+3.52 7.7x107 1.3x107 2.3x10™" 3.9 66
Trimethylamine y=0.901logx+4.56 1.1x107 1.4x107° 1.9x107° 2.4x10™ 3
Diethylamine y=1.00logx+2.52 3x107? 3.0x10™" 3 30 300
Toluene y=1.40logx+1.05 9.2x10™" 4.8 25 130 660
Styrene y=1.42l0gx+3.10 3.3x1072 1.7x107 8.4x10"" 4.3 22
Xylene(o:m:p=1:2:1) y=1.53logx+2.44 1.1x107? 5.2x10”" 2.3 10 47
i-Propylbenzene y=1.16logx+3.12 1.5x107" 1.1x10™" 7.9x107" 5.7 42
1,2,4-Trimethylbenze y=1.18logx+2.75 2.8x107 2.2x107" 1.7 13 98
1.3,5-Trimethylbenze y=1.11l0gx+2.60 3.6x107° 2.9x10™" 2.3 18 150

* y=odor 1ntensity, x=concentration
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Fig. 3. Thresholds of aliphatic alcohols between isomers

(Leonardos et al., 1969).
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B 5o A v e ARGABERS A, o e FEA

oFHE =7AStY] B oF7|sHAl k. oYl s ToAME 3

B H

e

%9} dimethyl sulfide, dimethyl disulfide, methyl mercaptane 3%+=3}
oAl oAl tFeRE rAE] vk 1 T Fsgae A5 0.00041
ppmve] ofF v HAZAFEFS JHAH EAEFo] oA & - 5484

o FAFAels R A7t o Heh

3. 4H AYrle

ZbeetA Rt A B P Wol 53 AAdo] "olXith= dHe THAAL 9

o, shebd e AR Babsa oluA] ARS} ol il ssiopES

(Ottengraf and van den Oewver, 1983; Ottengraf, 1986, Shareefdeen et al.,
1993; Zilli et al., 1993; Mpanias- and Baltzis, 19987Zilli and Converti, 1999).

D 29, 33 A4
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Zol A ARAA AA
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o2 HEF 800 ~ 900Ce i
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1

gl

=
=

7} AR HETH(Cheng et al, 2002; Ruddy and Carrol, 1993).
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=
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=
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ATHChu et al, 2001; Padillaret al, 11999; Chu and Horng, 1998;

Everaert and Baeyens, 2004).
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1993; Khan and Ghoshal, 2000; Ruddy and Carrol, 1993).
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olo

ot A7

°o]-&7}

otH 7k A2l

A=Nye)
o

7FA1 2 A tH(Bloemen and Burn,

A 2] & of

122

o g9

1993; Khan and Ghoshal, 2000; Ruddy and Carrol, 1993).

~
.HO

)

7k Aol 4
A7t stk B e A gl

ki3

ol 75

shAe] o7 3}

b %

S

o A&

Rl

Ruddy and

Khan and Ghoshal, 2000;

1993;

t}(Bloemen and Burn,

Carrol, 1993).

glol A~

21 tH(Bloemen and

Burn, 1993; Khan and Ghoshal, 2000; Ruddy and Carrol, 1993).

2

ol
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i)
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"
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21 T} (Bloemen

and Burn, 1993; Khan and Ghoshal, 2000; Ruddy and Carrol, 1993).
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el R gde] A7 FAET = doH(Bloemen and Burn, 1993;

Khan and Ghoshal, 2000; Ruddy and Carrol, 1993).

2) AE8H A=Y

=]
=

BEEE APt VARS o g3tel 7] o FhH Ax 4T Fel
A2 olustgas B Fe Fa® AR A®AsE el

(Pomeroy, 1963; Pomeroy, 1982; Leson and Winer, 1991). A &84 &&=

HES-7Iu e mAlE B fhek A WA we}l biofilter, biotrickling

filter 2¥] 31 bioscrubber S2.& = 7A ozt

@ Biofilter

Biofilter= &4 A2 Wy T 7 EAe 2L97tAE AA
3t7] 98te] kw2t (van Groenestijin-and Hesselink, 1995). ©] &4
& 997} A7) compost, peats el Hltlol(media) =& =3l A W tlol
el wAEel RbskRkgd oS Agduk FH e FAL AA load
equalizer, &% A A% X]; humidifier, biofilter ¥ A, ARE FTF4x 5o
2 A (Swanson et al, 1997) el wEhAl 719E (open biofilter)
I HE (closed bilfilter) 2.2 UFo] X A d3He EAEZE Fig. 59
el ok g8 A9E AL Axuz, ded e Agggdez
¢l&to] F Lo Wo] o] g%l 9l oW (Devinny et al, 1999) ® t]ol= soil,
peat, compost, wood chip, bark 53 #Z& f714 ddgolrl =2 ALEH

T}, biofiltere] A& Aol ©A %71 Table 37 7+t
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(A)

Waste Air
Discontinuous
Water Addition
Nutrients, Buffer
(Discontinuous) i
Biofliter
Water Influen
ater Influent Reactor
Humidifier ,_
X{?Ste Particulate, Clean A."
Temp., and Blower
— o Leachate
Load Control . .
_
Nutrients, Buffer
(Diseontinuous)
Water Influent l

Humidifier

Particulate, [

Temp., and

Load Control -

Clean Air

7/

er Reactor

/

Fig. 5. Schematic diagram of above-ground -closed biofilter (A)

below-ground open biofilter (B)(Swanson et al, 1999).
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Table 3. Typical biofilter

treatment(Devinny et al, 1999)

operating

conditions for waste

air

Parameter

Typical value

Biofilter layer height

Biofilter area

Waste air flow

Biofilter surface loading

Biofilter volumetric loading

Bed void volume

Mean effective gas residence time

Pressure drop per meter of bed height

Inlet pollutant and/or odor concentration

Operating temperature

Inlet air relative humidity

Water content of the support material

pH of the support material

Typical removal efficiencies

1-1.5m
1-3000m*
50-300,000 m°h""’
5-500m°m~*h”"
5-500m°’m~°h”"
50%

15-60sec

0.2-1.0 cm water gauge
(max. 10 cm)

0.01-5 gm®,
500-50,0000Um™®

15-30C
>98 %

60 % by mass
pH 6-8

60-100 %
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©@ Biotrickling filter

Biotrickling filteri= biofilter®} fFAtsty A4, 2, 7197 5 "AE
Aol a7EE dEFEs AFAA vidol ¥ Add AEHE 74
Al she] STARIILd=dE A @ Biofilterol A oF o] A
AR ALH oz F3EE 9S04
o]& 4 2tHvan Groenstijin and Hesselink
1995). Biotrickling filter®] = 2]%+ Fig. 63 #Zom wH otz = clay,
stoneware ring, sintered glass raschig ring, activated carbon pellets &
o] Bol] AH&HM, HTol= EdtaY, dAEtolo], FAEA T UFE dH
of Wigolrt Al=sar vk 1 9o FEI dFE Tl wmE A=
WG AR e clogging S WY1 A H2ols A
T4 =gl disl we A3 AeEa gl

=

® Bioscrubber

Bioscrubber®] %] %+ Rig. 73 #Z 2™ bioscrubber Fx2o #4448 =
Al scrubbin ¥h-&-7]¢} bioreactor®] F FhaEOSE L}FolA ATk Scrubbin
W7ol = H S E3HEO] AU EEES A RS AAE WF

FRAZ EASLY 3RV OGEZA Y A E HEAA FEARIL
FEAE TN - A0 FE AU FALAELS G &
A AEvo] 1A F bioreactor= °]%Fale Earf dojrfar, HA=
thAl A <grE o] EAFE tH(van Groenestijin and Hesselink., 1995). Z& 1}
de SHEE A E AUAARTILAELDY Ay F AFUAEE 873

Al HEE scrubbing WHE719] A7 7F AXA Avh I B =Zo] &
kAl ¥ o] bioreactore] FEE AXA @}t wElaA] AR AR

=8 e AH oz ARgHET

_19_



Waste Air

Recycled
Water
Water
Nutrients ———|
Buffer Biotrickling
Water Influent Filter Reactor
Pump 9
x\ﬁasze Particulate, ]| Cleaml
> Temp., and Blower PEy TR
Load Control . Waste water Purge

i

Fig. 6. Schematic diagram of biological trickling filter

(van Groenstijin and Hesselink, 1995).
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- Clean Air

| Recycled
Water

Pump

A

Scrubber | T Aeration
T 0 Mixer
React
eactor Weter
Nutrients
Waste ) Buffer
Air Particulate,
; Temp., and Blower
Load Contral .- -
[ "\ g

i

Fig. 7. Schematic diagram of bioscrubber

(van Groenestijin and Hesselink. 1995).
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A2 7)<

1,000 ~ 50,000 m*/hr, &

2t A7)zl

o] A4 x]o] Fth(Lim, 2000).
biofilter7} 7} A4 o &2

FA ol AAH o7

S Table 4

%

}

ol

3l o] th(Kok, 1992).
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all
TR

wet

i Al

)

o

e]
A%
=
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Table 4. Emission control technologies for VOCs and odors

Wet

Adsorpti - corrousti - Biofiltrati

Compounds Formula sorubber Ozone on on on
Ammonia NHs O O O O O
Mercaptan, methyl CHsSH O O O O O
Hydrogen sulfide HeS O O O O O
Sulfide, methyl (CHa)2S O O O O O
Disulfide, methy! CH3SSCH; O O O O O
Trimethylamine (CHa)sN O O O O O
Acetaldehyde CHsCHO O O O O O
Propionaldehyde CHsCH2CHO x VAN O O O
n—Butylaldehyde CHa(CH2)sCHO X A ) O O
Iso—Butylaldehyde (CH3)2CHCHO < A O @ O
n-Valericaldehyde CHs(CH2)sCHO X A O ! O
iso—Valericaldehyde | (CHas):CHCH2CHO X A O © O
iso—Buthanol (CH3)2CHCH:0H X A O @ O
Acetic acid, ethyl CH3CO,C2Hs X A O O O
Ketone, iso—bythyl methyl|,, CHsCOCH>CH(CHs)» X A O © A
Toluene CeHsCHa X O O O A
Styrene CsHsCH=CH X . (2 O A
Xylene CesH4(CHa)2 X O O O A
Propionic acid CH3CH.COOH O O O O O
n-Butyl acid CHs(CH2)2.COOH O O O O O
n-Valeric acid CHs(CHz)sCOOH O O O O O
Iso—valeric acid (CH3)2CHCH2COOH| O O O O O
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Table 5. Comparison of waste gas control

technologies(Lim, 2000)

Control
technologies

Advantage

Disadvantage

Low operating and capital costs
Effective removal of compounds

Large footprint requirement
= Medium deterioration will occur
Less suitable for high

Biofilter .

= No further waste streams concentrations

produced = Moisture and pH difficult to
control

= Medium operating and capital . .
Costs = Clogging by biomass
o)

Biotrickling = More complex to construct and

filter

Effective removal of compounds
Treats acid—-producing
contaminants

operate
= Further waste streams produced

Bioscrubber

Low capital costs

Effective removal of odors

No medium disposal required
Can handle -high flow rates
Can operate with a moist gas
Stream

Ability, to handle variable loads

= High-operating costs

*Need for complex chemical feed
system

* Does not remove all VOCs

often

= 1 Nozzle maintenance

required

Effective removal of compounds

* High operating costs
* Moderate capital costs

Carbon = Shortretention time/small unit ; .
. . = Carbon life reduced by moist
adsorption | = Suitable for low/moderate loads
; i v gas
» Consistent, reliable operation
stream
. = High operating. and capital
= Effective removal of. compounds
o costs
= System is simple X .
. = High~ flow/low concentrations
. . = Small area required
Incineration not

Suitable for very high loads
Performance is uniform and
reliable

cost effective
= (Creates a secondary waste
stream
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Gas Flow (m? /h)

1,000,000
100,000 Biofiltration

Bioscrubbing Incineration
10,000 Trickling Filters

Regenerative | Scrubbing Condensation

1,000 adsorption -
100 Cryo—-condensation

B

Non-regenerative
6 adsorption

-
1 10 100

Goncentration (g/mé)

Fig. 8. Applicability of various air pollution control technologies based on

air flow rates and concentrations to be treated(Devinny et al,

1999).

_25_



100

80

40

Relative costs

20

0
0.001 0.01 0.1 1 10
Inlet gas concentration [GC/m?]

Fig. 9. Comparison of relativer costs of several waste ‘gas purification
technologies: gas flow 40,000 m’/hr. A) thermal incineration (incl.
heat recovery); B) catalytic incineration (incl. heat recovery); C)
activated carbon adsorption (no regeneration); D) activated carbon
adsorption (incl. regeneration); E) adsorption with thermal carbon
incineration, F) ‘adsorptionin water; ()" chemical oxidation; H)

bioscrubber; I) compost biofilter(Don and Feenstra, 1984).
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Table 6. Applications of biofilteration

VOC and HAP

control Odor control

Industry

O

Chemical manufacturing O
Coating operations

Film coating

Adhesive production

Waste oil recycling

Investment Foundries

Iron Foundries

Printing operations
Wastewater Treatment plants
Composting facilities

Landfill gas extraction

Soil venting extraction

Coffee and cocoa roasting
Fish drying and rendering
Flavors and fragances industry
Food industry

Flour mills

Cattle feeding and fish meal. factories

O

Yeast and alcohol factories
Breweries and gin distilleries
Cocoa and chocolate factories
Pet food manufacturing
Slaughter houses

Tobacco processing

O O O O 0 Q®’o e oOfO O O O O OO O 0 o O

Textile industry
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Smith, 1990; Seo et al., 2003; Shukla, 1991: Smet et al, 1998). 33}2¢]
g = 87 FAAE EHE 71E0] 5 ~ 6 ppmol®, o} U@ 3
84 0005 ppmoz WP voh webd WE 5§ FE olsE FBFLE

He 54
ol go] ol Mz WAMAE Lol AFF Aot
R ugRe Barae] B4 R 282 (sulfide)d FElE AHH

o7 o]gslE= AHo] Byt v, AFo FAA Thiobacillus sp. & 34
AE ARsIAZI o] & AFstAlTS o] &3 B =T3 ©3 (biodeodorization)
of dial gtst AFrF M i (Sublette and Sylvester, 1987,

d Mikami, 1989; Zhang, 1991; Shoda, 1991; Cho et al., 1992).
Aw7tA dA7d g3t FRE AASH] g AdEREE 53 99T

T4 o Gt (heterotroph)o] ©]&F o] Alal Ut )& FA 4
A =l o ok (ebligate chemolithotroph) 2. &

o] Az oUAS O HE Brgow CORE o &3t o Foi

_\7:1

(autotroph)
o7 EF3t

5
i
3
>
2
Lo
O
)

ol

Chlorobium  sp., | Chloromatium sp., Ectothiorhodospira sp. @ —L&]il
Rhodobacter sp.& X3k 3 5§ it (photoautotroph) o] 231 3 7] 4
eEfol A 334 S elemental sulfur® M EEch(Kusai and Yamanaka,
1973; Fukumori and Yamanaka,.1979; Cork et al., 1983; Then and Truper,
1983). 23y o] mAEL dFHe= ojFsrd= gy =13 F oY
A7F Hast, F5 o Ft(heterotroph) Bt AAEC] dASHA Hojnt

=
(Cho et al, 1992). =4, &4 33 =9H Ft(facultative

b

SHIGFeR Aga frlwol fle XedMde FFH e Ay, 4§

R

)

o= &4 % (mixtroph) &2 AL F A Thiobacillus sp.5©)

ol 7)ol &g}, AA, g8t dAd FE5 9 &t (chemolithoheterotroph) &= o] 4}



SIEEAE o] 83lAY HHAIGeZ AF 4 gloy ddE 3 gES Abstsh
o F83 NUA YL AF3cHCambell, 1978; Cork, 1982; Pfennig and
Triper, 1992). Thiotrix sp., Beggitatoa  sp.(Nishihara, 1982)<}

rjg

=] — O

Hyphomicrobium sp.7} ©lol &3tH, o5 33l4+4AE elemental sulfur®
el o] AL AE o AAate] sulfate(SO )& U] Absheith 1 A}
Fobrh FEe GobAARE A3t Ho] mAdE A dEdE yEdy
(Nelson, 1990). Pseudumonas aeruginosa, Bacillus brevis, Streptomyces sp.,
Xanthomonas sp., Micrococcus sp.2} Arthrobacter sp. 7} ©] &l &3k}

(Waninwright, 1984).

AAN Qe AF AGFAA BARE A 2gk B Y Wle] B

o Gl SAAA uigh &N L] HEF Dolv. wrepA o

z
A4 Faga A WHo 2 biofiltration W o] o]EEHI lom FZ o
&5 = "AES Thiobacills sp.©] B.-Biofiltration -2 71 o] &1 A&
FgAolal, 1 o] &n A& T4 ool Stk wEkA FHTole o3 el
B4 AATe HAd AEE PAES &5 28, dF wdste] Ae &8
= st st WHEEe] Bol dAyE Jdow, o nas =3 vA
2 FzbEa vk whebA EE] Aol A
ARE AHAS] wll Al At dAFHEo] Vet MR AE A
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thiosulfate 2FstsS 73 wHAES #Elste] o] ol u
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o7
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0. As 2 #=

O~
i)

woAgel AR EPARE P G mAlsE Hul gl A 259
CERETCE BRRE 21 A AsE 20054
gelol ARG en, ARG ARE 180T 243 ALWFd BrPe] wal

WA Aol Abgshact.

AC)
oh
oy
>,
x
M
5
o
ol
[
v

Eav)

L BAEES MY TF9 £

1) A8 o5 #H A

J
oAgel Ak

B
M

Tr2s dskgkE AHAA FATF
Thiobacillus delicates(KCTC 2851)¢} & A elA &8s 9 T
2 Enterobacter hormaechei( ATCC 49162; CIP 103441)& A&t ol
T 47 Ayt A AR (Korean  Collection  for  Type
Cultures; KCTC)#}, w524 2230 (American Type Culture Collection;
ATCC) o 25 B &4fwrel Zhd Aol dlxv o2 AR 5ESIT.

2 AR g3gE GHAA LSS EAS] SgE 718 wiA =
thiosulfate WiX| & A}g3atdon] 1 248 Table 73 #u}h vz =4
NaxS:03 - SH:0= @l EhAste] a2oA sierz o3 did F
thiosulfate ®j %ol % 7}sbe] A3} T}

2) s E MR #F9 £

i
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59 ®8 = thiosulfate A #1# 100 m7F Eo1YE= 300 ml A2 =

20 g¥ A7 2 23%35ke] 30T, 250 rpm

ezie] AAANRE 4%
oA 48N7F QG WS olee WHow 33 A WL WEI

o] wjF 20 wlE thiosulfate FIhul]X|of] T3} o]
ik, BASEAT o] & thiosulfate

brotholl FE3le] 30Ce] 24A17F w3 3 thiosulfateZ} AF3}E o] AAlH

colonyS thiosulfate A} vl =] o]

*& =AHsto] Aol 73 colonyE 1FS Aol E 2

sulfate Y= 5

gol AHgshel o

3) #F3s 43

s AY2 Kelly 59 wHoz FA89tH(Kelly et

2 2o gFe) Fuss A

al., 1971; Cha et al,

= AUt Alm5F AAE sulfate’} BaClel wEE-3ho] Al =

>

&3 % 460 nm UV/VIS  spectrophotometer(Mecasys, Korea)S A&

1) eg3, B34 &4
EalE Mo JeE #Es 7] 6 W2l S nutrient agar AFA 8] A

o|N
1>
ol
EY

HEste] 0TAN 48N Fok WFTH

broth7} 20 m¢ %%
incubator(30C)oll 4 200 rpm o2 24A] 7k
S Microbiological Applications(Benson, 1990)¢] #

=

H
et dEE e e

1994) A M2 AlE 1.0 meel 5%-BaCl; H.O. 1.0 me

il
2l
o
o

off
ol
£

o

| 7S thiosulfate

=
100 me A2 Zg~ad HE39 3, shaking

ol

WS o] 83l Gram

st om AR A v] 7 (scanning  electron

staining(Zeiss Co. RMS 16)& 332

RS [}

microscope; SEM, Hitachi, S-2400)%
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Table 7. The composition of thiosulfate-oxidizing medium(Cho et al., 1991)

Contents Concentrations (g/ ¢ )

Yeast extract 2.0
KH>PO,4 4.0
NH,CI 04
FeSO, - 7TH,O 0.01
K>HPO, 2.0
MgCl; - 6H,0 0.2
NazS203 + 5H20 8.0
Final pH 7.0
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wE el A3t SEAS golr7y] 9% 23S Vitek® Gram-negative
identification card(GNI+ software, ver. R09.01)¢} API 20E kitE ©| &3}
L ) 5= o

2) 16S rRNA gene sequencing %4
w8 T Bu AHed sA4S flete] AEE 759 16S rRNA gene

sequencing A& T3t (Moyer et al., 1994).

® AEZ%H total genomic DNA

™ Genomic DNA extraction kit(Bioneer)E& A}-83}4 total

AccuPrep
genomic DNAE FZ39th &, 2o d 15 ml tubeo] ¥lE] 1 mle] A
BE ¥ 14000 rpmol A 23t A4 ske] A v, pelletS
F3ske] 200 o] lysis buffers # 71kt o] 71l 20 ple] proteinase K
£ Hrtste &/ &S 5, 56€CAA 1ARE wES A Z Tt Cello] 9+ 3]
lysis¥ 22 Y &4 spin-down?t %, 200 wl2] Binding bufferE A] &l
Y 60CelA . 107F BES-AIZ

g

HE-S-o] v+ tubeo] 100 ul9]
isopropanolS ¥ i 5% AE 7FHA vortexste] Ao+ S 102 A=
spin downs}lHE. Al2E 2 ml collection tubeo] Z3AIZl binding
columnel] &7 %,.8000-rpmol A 187+ 44 Eo)sdck 500 109
Washing buffer 1% ¥ 318,000 spmell A 18%E 412 ska o 719 500
w2 Washing buffer 25 tubeo] Y3l 8000 rpmollA 1% &<k U4 #

@]

g9 th. Binding columng 15 mé collection tubedl &%l ¥ 70
water batholl 4] m]g] ©]& elution buffer 200 WZ Y 587 Ao H
Agk 3 8000 rpmeol Al 1 &<t ¥4 88t elutionst . ol & 1%
agarose gelol 771%9%3lo] genomic DNAE 2183, PCR W39
TP ow AFEEFAT
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@ Primers &4

16S rRNA Fdz2te] F%S fste] AME¥ primer’¥2 Moyer &
(1994)0l 93] ete AS AMESEATE. olE primer’¥2 eubacteria®
16S rRNA fFHd=fell A 2 ®BEH FE9 HA7|E=ZA  Escherichia coli

16S rRNA<°] 49-68, 1510-1492 ¢ *]° 313 % = degenerate primers =

1

=0l H k. F71E forward primere] 57 o= A a2 EcoRle <14
= H7}EA AL, reverse primere] 57 ol BamHI9 212 H-9= #H7)st

Atk B Aol A AFE-3F oligonucleotide® o}z oF T},

Forward primer
57 AGAATTCTNANACATGCAAGTCGAICG 3’ (27-mer)
Reverse primer

5’ GTGGATCCGGYTACCTTGTTACGACTT = 3/ (27-mer)

N : degenerate including 4 nucleotides,

Y : degenerate including pyrimidines

® PCR #H$&-

PCR ®E$2 AccuPower PCR: Premix(Bioneer)S Abg-sto] A&+
t}. PCR WFS-E9o AL 10 pmol forward primer 3 w0, 10 pmol
reverse primer 3 g, template DNA 3 w0, 32} " SHF 41 wE A
7ksted 50 peo] WS EdES wEo Z Edete] whES A AT
PCR €32 Minicycler(M] Research, U.S.A)ol A AA st 25 94T
o /] 533 WAAIZL & 94TAA 30%, 62ToA 30%, 72TCoA 1+

353] HHi-3slo] DNAS FZ A7) 3, npAwr o g 72T A 7E7F extention
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timeS 9] PCR W82 FTZAAZTE ol5 1% agarose geldl 719

sto] DNAES &<lsk3ith

@ DNA 2 A A (Elution)

PCR ®$-E% 1% agarose gel, 0.5xTBE buffer(0.045 M Tris-borate,
0.001 M EDTA)elA 7195 3t] bands 213 §, &4 bands 2
Zhio] 15 ml microcentrifuge tubeo] Y ATh oI7]o] 6 M Nal(6 M

sodium Iodine) 600 W= 2L 50CoNA 5E7F gelS ATl gelo] &%

8 %

AL el 3 glass milk 8 WS il rotatoroll A 20&7+ Wb

e}
rlo
Jas)

SN o]= thA] 14,000 rpmol A 5% 7t centrifugedt il pelletS F 3f
St Washing solution(l M NaCl 40 m¢, 1 M Tris-Cl 4 m¢, 05 M
EDTA 2 ml, 32} =75 54 mb) 500 = Il pipetting® = A i, 5x7F
centrifugedto] pellets FHelFom Aol H78S 23] st Holad
t alcohols F&W g7 98] wvacuumolAl. 5-10%7 WAttt ol &
ThA] 45C ol A3 WA 3kaL LA 32 ST E 20 WE Bil HoF
% 14,000 rpmol A 1%7k centrifugeste] A5 HS FHEAh A5 1

S FH 3ol 1% agarose gelel A 7] E5Fe] band= &H<l35t 3t}

® Ligation
AAE 16S rDNAS PCR Hb§=S pGEM-T wector(Promega)ol] <172
3t DNA 3 i, T vector 1 ul, ligase 1 wl, buffer(2X) 5 wlS A&
3ol volumed 10 w2 9 ol Ao 24 7F vk A AT

® Competent bacterial cell®] H]

LB agar Ao 71 E. coli XL-1 BlueE 3 mle] LB A u x|
Z3lo] 37CAA s AEujkslar, o]= thA] 10 m¢ coning tubedl] 4
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me] LB AAuf=|e] A HEste] 37TCAA it wigstd o ke
o] 1 mE #H3ka 5000 rpmoll A 553t centrifugedte] A5 dS W

AAE AEXES 4TE Y29 800 o CaCl(c0 mM)E ¥ il iceol 1
20%7F resuspension s+ th o] E thA] 5000 rpmell A 3%t centrifuge
st As S v ar, 200 el CaCl(50 mM)E ¥ il resuspensiond}o]

ALg-3h gt

@ Transformation

10 wte] ligation WH-g&<5 w8 4] 200 e XL1-blue competent
cell?} &3tste] iceol 303t ®A$ 3 42TCeo|A 90%7+ heat shockE
FaL A qcedl A 5E3F WAIESIH ©] & LB #iA 800 mE 7tk
37Tl A 453 &< &k oo ol& TAl 5000 rpmell Al 31t
centrifugeste] A5 4S W LB ¥lA 200 S % o resuspension 3}
At o]E AmpZF H7}¥ Mackonkey agar Wi Aol =Esle] 37C Hl Y
7]l 18A17F v &gt ths, 4T Fo] M Zo] st s x| H white, colony Tt
S AeEste] LB(Amp+) brothol F<E3le] plasmid= mini-prep s} th.

d

l

Plasmid DNA mini-prep

Plasmid DNA¥ alkaline lysis~mini—prep™ ¥ (Sambrook, 1989)0. &2
gt AFEALZ FEoAdE DNA HAAS ~gRlssin. gdd
plasmidi= RNaseE A 238}3L phenol : chloroform A A A4S A
ODgooll A s=5 FAT tha A7IAE T4 AREsaith 249 165
rRNA sequence= NCBI Gen-Bank®] data base(http://www.nchi.nlm.
nih.gov/)oll Al HlaLEd o™ K, valueE 739 evolutionary distances
AXSEA T o]& Hl¥ S 2 the neighbor-joining method® phylogenetic
trees TAS o™, CLUSTAL W program= ©|-&3}31t}.
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4.

5.

¥ @79 24

A

A=A

i

1) %, pHell tig ¥ F4 =2

WFd el =7 pH7E 28 w5 Aol mA= FFS detry] 96
HitE 1-N NaOH % 5-N HCIE o] &3}
Ztzk 20, 50, 707 9.0°o% xdF F
rmpe] W o= 48 A7 Fte] A4S #ESATH600 nm UV/VIS
spectrophotometer, Mecasys, Korea).

TR 2=7F 2eE v e AR vAle dFS Lot A 44
HEF2es Dydto] AFd=de vugda. 1 2=x3do=2s 25C, 3
0C, 35C 293 60C= xA3slo] 300 m¢ flaskel]l working volume 100 mf
o] thiosulfate Aol &2]l# < 5% (v/v%)2 FF8lo] 48 AlZHE<t vl g3t

AA e SAGEE600 nmollA o] F3 == v s}t

2) 2 dT AAAdY I

w8 75 AR mAE 77185 sEs dotR] 93 gahdew
glucose, fructose 1#]al galactoses, AAYUOS E = yeast extract, malt
extract Z12]3l peptones thiosulfate B Xell Zt2k 0.2% (w/v%)= #7131

A AesS #A#2sAcH250mpm, 30C, pH 7.0).

g #Fe ¥ ws 24

e

713 = ¥ & & 35
wd w5 F Astes dotry] fa FrId wjAel o3 Eitd

thiosulfate®] ¥ %=7} 0.016, 0.032, 0.064, 0.080, 0.120 123l 0.160 Mo] =]
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H

= H7bsta wjAe] pHE 7002 2dS & 72t 58 347 pH
o] WgtE #Faget. ol ERFoRE I ANEeS 7N nAgER G
T. delicates(KCTC 2851)< AF-§-3to] vl ulitA]3FS) o).

A w5 B dE dFo] WA AxsE R FAY s pH

of WstE FAs7] fla W wFAS 5 me AFH k] Sl AREsEA T

2) Batch reactor test
w2 #FFE o] 83 bench scale®] biotricking filter system # 8-S ¢ 3l

batch reactor testoll A 2] 3 3}3t&E 4FsbsS WA A Hodr 2 A

S 8 1A & FFE AFIAE T G A Y A Do wjFstaA
A5 3 3gE %S Gas Chromatography 2 #HAMsE T =, 859

=

th R 2 A AR B ES] Ahske s WAL, Brtekr] Sste] &
g w7 T4 AR P AL E.| hormaechei(ATCC 49162; CIP
103441) 9} 4345 0] FHBD T, delicates(KCTC 28515, t)Z v A2 2 A}

&3t

2 AFdA SsletEs F4317] #1et Gas Chromatography 41712
Table 8¢ #t}. Table 8 veFH vFe} o] GC-FPD(Frame Photometric
Detector, Shimadzu GC-17A)¢] ZAH -2 packed glass column(2.6 mm
ID;3 m length) 4 on-columno @ Hojglon LHtAE+= HAAELE
99.99%)E Ab&ste] 2 BEFsdt. GC-FPDY A=54L =45k
S} peak areaste] #Alol SlolM BEHFETL SUMEFF
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Headspace (220mL)

/-———-—‘-"‘\_L
Cell suspension (15mL)
y_
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Table 8. Operating conditions of GC-FPD in this study.

Parameter

Conditions

Column

Injection type
Oven Temp.
Column flow
Injector temp.
Detector temp.
Column pressure

Carrier gas

Packed glass column=*: 2.6mm ID, 3m length
On-column

85°C constant

50mé/min

200°C

200°C

220Kpa

N2 (99.999%)
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4 3+ A (exponential function)o.& F7}sl= EAS 7HA 2L 7] wiFol

(ASTM, 2003; 2005) HEFFAEA 2oz o] AL WA S8 peak area

EHsEE 474 g3 oo dEFaAds A (Kim et al, 2004;
Marsia et al, 2005, ASTM, 2003; 2005). =3+ GC-FPDS %3 313 =0
FoatA EEHEAE Zotry] fste] i, viddE4E, 333
g, olgsiMd 4%F0] £ ¥+ IS GC-FPDol =dA# #AE3
EAL 2w B gok(Fig. 11).

Fig. 12+ "AE wgo= v 2H FogEe 54 S gotstr] 98
o] GC-FPDEX AZFE s #AF34E detda dom AaA Sz A
#ol 0.9989= 4 dist dFgFgdelA dag A4S YE AdS5S &

T U

3) Bench scale biotricking filter system

S batch reactor testoll A9 A& EG|E hench scale®] biotricking
filter system< #2838 Hkoh 2 Ao A&H biotrickling filter AW &=
A biotrickling filter &3], €5 A H pHE =dst= 454A,
VOC 2GR = #4450 e, d3d4x e EAES Fig. 13°] et
AT}, biotrickling filter %+ ¥& 3 stainless steel(@40 x HI20 cm)=
AZE o, g7l st FYH TtATE FFoE dds A Y2
T A= air chamber(30cm. #FohE A A ef Aok -Air chamber® ol +4kH

2 AAste] FAE 60em EolZ FAFAL. B ATAM AgE G

it

TS wEQlon, wlo]lmZwbn-w B (Bexbill, FCO12, England)E ©] &3}
ot S =Asgrt. 4ExE YE3 polypropylene(@40 x H50 c¢cm)o d)
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ubiz100,0007

2.00|
2.80
2.25 HS
2.00|
1.75)
DMS
.50
1.25]
1.00
.75
DMDS
- UL N
oo — L_J - - |
1.0 20 2.0 4.0 5.0 6.0 7.0 min

Retention Time (min)

Fig. 11. GC-FPD chart of standard gas (HS : hydrogensulfide, MM:
methyl mercaptan,” DMS:.- dimethyl sulfide, DMDS: dimethyl
disulfide).
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I

g 7w o e

2]

= Sg i O Dpn ik

Biotrickling reactor
Bed(PU media)
Pressure gauge
Buffertank

pH adjusting tank
Nutrient tank
Mixing tank

H2S gasbomb
Flow meter

. Regulator
. Air compressor

trickling filt
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VOC A AA A= air compressorol A ZAE  F7]9} H,S7M~
1, ol tAl £%E A (Pyrex glass, ¥30cm x H40
cm)E FYAA 718 dE T A FEE A H wrETld #F4E
3k HoS+ == 99%0] 4] 7t~z o]
£ 31X 3te] whgTle A FYetrt.
8

Biotrickling filter®] A& 3}3l7] 18] @ A& biotrickling filter WS-

s
e
r]I.
oo
N
=
o)
&
0p!
il
N
A
Ot
ol
N
do

71 FR&a F3eEA 7FAE 500 ppmv, EBRT(Empty Bed Retention
Time, biofilterdtell 2] 71A9] AFAIIFS on]) 15F 02 FA319 o,
2 Table 8 o ~1}eEl  npe} o]

1y

E. hormaechei JH7} 2 Aad 4 9l
A A& 1000 ml/day = 73t

S9E b 4geAS A sATh Fokea s /AR Fskel 93]
e

off
H
rE
=
o)
o
<
—
(1
o
=)
—_
oy
()
=)
\V]
&)
(]
()]
g
3
=5
e
0
oo}
59)
!
=
—
o

sl RESZIY gEWEk 9 WARE] HEE oo,
(backwash)& Fstol - tHad 8 AAGZE WHstE AR LA st A
22135 = sFFel 23], 274 teflon bagel 2% & GC-FPDZ 7}~

A A skl

2
filo
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m 23 € 1%

1. o3 Z23lATES &2

5 Bl e MAEs AT Al SRS He] e el A
2F°] EHuAIRS 1F9 S9A] ARE AMFHASA 45719 s dFE Y
3G THTable 9). vl%f =2 AyHHE WA 30T g 2doAE Als 1
oA 87H°] colonyE #elstAom, A& 2014= 97H9] colonyE #2l8kiaL
FH 7 At BEY EHAAAE T WA colonyE E AT Ed 6
0Ce vl ZAdA= Alm 194 2702 colony=, Al & 2014+ 1070¢] t©f
A B2 colonyE AW Aal £e]A Also = 97HE] colony s #&lste] A
PSS Adstdt. L o]F 3 53¢ thiosulfate®] AFsls3 Blaust 4
I, Euje] Zh At oA el g whel 5T ok £ 2 thiosulfate AF3l s
BRI ymA= va w2 thiosulfate AF8t e WEUAT whebA 2 A
A2 714 =2 thiosulfate 4tsts e YElU = o5 1

.
H3Hom Adstel B A g

o

kil

o\
o

wn

weld e w4E s Festy w2, sty 54 aea 16
rRNA gene sequencing &4-& AAI3FH T Gram staining® SEM< ©] 83
Hejet# A=A B #FE Gram-negative bacteria® sporeS A 1A

ok ok © W (Fig. 14, Fig. 15) thiosulfate LA 8} Ao A= 9ol Fw st
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Table 9. Screening of thiosulfate oxidizing bacterium from barnyard manure

Temperature| 30°C incubation | 60C incubation
Total
Sample (colony numbers) | (colony numbers)
Compost 1 8 2 10
Compost 2 9 10 19
Sludge sample 7 9 16
Total 24 21 45

The culture broth was diluted and spread on the medium agar plate and

the colonies appearing .on the plate at 30°C, 60C were purified
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Fig 14. Bright field mic__r'bsco images of obacter "-.horma chei JH

ervations were carried

apan: X _i,OOO).

on the Gram stains. e morphologi

out using a light_ mic ope(Lieca

N
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Fig. 15. SEM microphotograph of Enterobacter hormaechei JH
(Hitachi, S-2400).
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colonyE FAstTh HEE oF9Y Azt HAEE 7] fske] Vitek<
Gram-negative identification card(GNI+ software, version R09.01)E A}-&-3}
At 1 A¥E A KM catalase, nitrate reduction, citrateo] $FAWFS-S U
B} 2laL, p-glucose, p-xylose, p-mannose, po—Manintol, -arabinose 1]l
sucrose®] W3 T o] & HAEo UdAWSS YeluArt. 18U gelatinase,

cytochrome oxidase, 1-lysine decarboxylase, p—-arginine dehydrolase®] &= =

AWkE& YEtH AtH(Table 10).

2 oo Bo st A4S ¢33 16S rRNA gene sequencing w49
T3 BARESA TS AASATE Moyer 5(1994)]  ofsf  aret
degenerate primerE A}&3o] PCR ¥FSES Aztslgdct. o= PCR
1% agarose gelol A 2Ztax}db= 16S rRNAS] =7]¢l °F 1.4kbe] bandZ &
A& UM olE AUl AE2 Fig. 163 Zgker 243 dA7IMES F

Mog ABTEE ZAe A3 Enterobacter hormaechei( ATCC 49162; CIP

=
o =

it o

ro

<
T

103441)9F 99.4% 9] HEFAS VIR A S & AU (Fig: 17). ol 42l 23

E n|Fo] Hol BYH HFE Enterobacter sp.ol EEHE= AL A U
o #g #FE E. hormaechei JHe} W skSith. E. hormaechei JHS %<

5 E. hormaechei(ATCC 49162; CIP 103441)°}e] AyslstH|2EZS Bl
B A3 E hormaechei JHS E. hormaechei(ATCC 49162; CIP 103441) A}o]
of AzetA BAE JR7F AFoldhs o AU THTable 11). o183 A=
E. hormaechei® 74 #A4-2sol w5 oy A= oE Astst Hx
E A7t vepye oo mE} dAAl E hormaecheis o} o2 HTF AFEH
o2 #F/FE g3l tH(Harald et al, 2005). ¥ FF5 1220 7] FH|4

=
A ol AZEES ANskE 1 ggel WE o FAum Bed @i w

ob= A3 vrE WAl Enterobacter sp.”

_Z,.
el ol &Rt Ayt FEE] ol Aol M2 A7 2 5 e Aolth
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Table 10. Morpholgical, physiological and biochemical characteristics of the

FEnterobacter hormaechei JH strain

Characteristics Results

Morphological

Shape Short rod

Gram stain _

Swollen spore _
Physiological

Aerobic growth +

Optimum temperature 30T

Optimum pH pH 7.0

Growth pH range pH 2.0 ~ 9.0
Biochemical

Catalase +

Gelatinase -

Cytochrome oxidase =
Nitrate reduction

Utilization of citrate

Starch hydrolysis =
o—Glucose +
o—Xylose +
o—Mannose +
(—Arabinose +
Sucrose i
Lactose -
o—Fructose =
t—Rhamnose =
Inositol -
o—Manintol +
L—Lysine decarboxylase -
.—Ornithine decarboxylase +
L.—Arginine dehydrolase -
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CAGATTGAACGCTGGCGGCAGGCCTAACACATGCAAGTCGAACGGTAACAGGAA
GCAGCTTGCTGCTTCGCTGACGAGTGGCGGACGGGTGAGTAATGTCTGGGAAACT
GCCTGATGGAGGGGGATAACTACTGGAAACGGTAGCTAATACCGCATAANGTCGC
AAGACCAAAGAGGGGGACCTTCGGGCCTCTTGCCATCGGATGTGCCCAGATGGGA
TTAGCTAGTAGGTGGGGTAACGGCTCACCTAGGCGACGATCCCTAGCTGGTCTGA
GAGGATGACCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGC
AGCAGTGGGGAATATTGCACAATGGGCGCAAGCCTGATGCAGCCATGCCGCGTGT
ATGAAGAAGGCCTTCGGGTTGTAAAGTACTTTCAGCGGGGAGGAAGGCGATAAG
GTTAATAACCTTGTCGATTGACGTTACCCGCAGAAGAAGCACCGGCTAACTCCGT
GCCAGCAGCCGCGGTAATACGGAGGGTGCAAGCGTTAATCGGAATTACTGGGCGT
AAAGCGCACGCAGGCGGTCTGTCAAGTCGGATGTGAAATCCCCGGGCTCAACCTG
GGAACTGCATTCGAAACTGGCAGGCTAGAGTCTTGTAGAGGGGGGTAGAATTCCA
GGTGTAGCGGTGAAATGCGTAGAGATCTGGAGGAATACCGGTGGCGAAGGCGGC
CCCCTGGACAAAGACTGACGCTCAGGTGCGAAAGCGTGGGGAGCAAACAGGATT
AGATACCCTGGTAGTCCACGCCGTAAACGATGTCGACTTGGAGGTTGTGCCCTTG
AGGCGTGGCTTCCGGAGCTAACGCGTTAAGTCGACCGCCTGGGGAGTACGGCCGC
AAGGTTAAAACTCAAATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTG
GTTTAATTCGATGCAACGCGAAGAACCTTACCTACTCTTGACATCCAGAGAACTTA
CCAGAGATGCTTTGGTGCCTTCGGGAACTCTGAGACAGGTGCTGCATGGCTGTCGT
CAGCTCGTGTTGTGAAATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTATCCT
TTGTTGCCAGCGGTTAGGCCGGGAACTCAAAGGAGACTGCCAGTGATAAACTGGA
GGAAGGTGGGGATGACGTCAAGTCATCATGGCCCTTACGAGTAGGGCTACACACG
TGCTACAATGGCGCATACAAAGAGAAGCGACCTCGCGAGAGCAAGCGGACCTCA
TAAAGTGCGTCGTAGTCCGGATTGGAGTCTGCAACTCGACTCCATGAAGTCGGAA
TCGCTAGTAATCGTGGATCAGAATGCCACGGTGAATACGTTCCCGGGCCTTGTAC
ACACCGCCCGTCC

Fig. 16. The 16S rRNA gene sequence of FEnterobacter hormaechei JH.
The 16S rRNA gene of E. hormaechei JH was amplified by
polymerase chain reactions (PCR) from the genomic DNA. The
PCR products were examined by electrophoresis and then isolated
and sequenced. A similarity search was  performed using the
Genbank databases. To characterize E. hormaechei JH, a
neighbour-joining phylogentic tree was constructed with the
CLUSTAL W program.
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Citrobacter werkmanii CDC 0876-58 AF025373

3
87 Citrobacter freundii DSM 30039 AJ233408
48 Citrobacter braakii CDC 2970-59 AF025368
63 Enterobacter aerogenes JCM1235 AB004750
78— Kiluyvera cryocrescens ATCC33435 AF310218
3 Klebsiella oxytoca ATCC13182T Y17655
2 Enterobacter gergoviae JCM1234 AB004748

’7 Enterobacter hormaechei CIP 103441 AJ508302
70

8 99 Enterobacter hormaechei JH

Enterobacter asburiae JCM6051 AB004744

Enterobacter cloacae ATCC13047T AJ251469

of Salmonella typhimurium ATCC 13311 X80681
— :
29 Salmonella typhi ATCC 19430 Z47544

Enterobacter cowanii CIP 107300 AJ508303

po 79 Citrobacter sedlakii CDC 4696-86 AF025364
Citrobacter koseri CDC 3613-63 AF025372
59 m——— Shigella dysenteriae ATCC 13313 X96966
o8 ‘ Shigella flexneri ATCC 29903 X96963

w Escherichia fergusonii ATCC 35469 AF530475

0.005
Fig. 17. Neighbour—jeining stree showing the phylogenetic positions of

FEnterobacter hormaeche: JHwrand its nearest neighbours based on
16S rRNA gene sequence analysis. To further confirm the strain’s

identification, its 16S rRNA gene sequence.
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Table 11. Biochemical characteristics of the Enterobacter hormaechei JH

and Enterobacter hormaechei(ATCC 49162, CIP 103441) strain

Strain Name Enterobacter Enterobacter hormaecher
Tests hormaecher JH (ATCC 49162; CIP 103441)
B-galactosidase + +
Arginine dehydrolase - +

Lysine decarboxylase - -
Ornithine decarboxylase + +
Citrate utilization + +
H.S production - -
Urease - -
Tryptophane desaminase i -

Indole production = =

Acetoin prodcution - +
Gelatinase = =
Glucose fermentation/oxidation AF +
Mannitol fermentation/oxidation 3 +

Inositol fermentation/oxidation = F

Sorbitol fermentation/oxidation - -

Rhamnose fermentation/oxidation - +
Sucrose fermentation/oxidation + +
Melibiose fermentation/oxidation + +
Amygdalin fermentation/oxidation - +
Arabinose fermentation/oxidation + +

Cytochrome-oxidase - -
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Cell Grwth (OD600 nm)

L 1 1 1 1 ]

0 10 20 30 40 50

Time (hr)

Fig. 18. Effect of initial pH on Enterobacter hormaechei JH cell growth. The growth
condition thiosulfate medium, incubated..at 30°C, 250 rpm "for 48 h.

Symbols; (@) pH 2, (O) pH 5, (¥) pH 7, (2) pH 9.
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Cell growth (ODg(@ nm)

Fig. 19. Effect
growth.
pH 7.0

1 1 1 1 1 ]
0 10 20 30 40 50

Time (hr)

of various temperature on FEnterobacter hormaechei JH cell
The growth condition thiosulfate 'medium, incubated at 250 rpm,

for 48 h. Symbols; (@) 25C, (©) 30C, (W) 35T (A) 60C.

_58_



4
%

s 3 r
n\a
o %
Mt
g 2 _
o
e
S

o | Izl

20T 35T B0 T

Temp erature

Fig. 20. Effect of various -temperature on- Enterobacter hormaechei JH cell
growth in 24 hr and 48 hr. The growth condition thiosulfate medium,

incubated at 250 rpm, pH 7.0 for 24 h () and 48 h (4).
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2) Badd A299 9%

Gikstsol A= dFE AYA &8 SHlA FstriE dEF Abset)
daiMe weE AFEN bFe] nAE FAE 3T

Aloltr. ol gk o]fE Qldtel . AFoA = FEE T¥FEE UEFo=E
thiosulfate ¥ #]ol" &4 glucose, fructose 1]l galactoseS 27+
0.2% 3 7Fsto] Hl sl (30C, pH 7.0, 250rpm), =2 Z ¥ E Fig. 21A°
el Rt E. hormaechei JHE A2 galactose(ODgoonm = 3.2) ) glucose
(ODgoonm = 2.8) ) ~fructose (ODeoonm = 2:5)°] £ 2 ELHIA L, 68 <
galactoseoll Al o] Al A& BHAFEAHY. HdFomes 2Y9E 459
Aol gk Al S @ A& Fig. 21Bol-LrErIRITE 1 A3
yeast extract 0.2%(w/v%)&2. 7kt 7oA 'Hare] A4S Yehd e
o HA] 24 A[Zte] B3 o 4 FH = yeast extract (ODgoonm = 3.4)
) malt extract (ODgoonm = 2.9) ) peptone (ODgoonm = 1.5)Z LEFH A AL

yeast extract®} malt extractE® H71d Ao 43 M AFS YeEPAN
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=d. o]# 3 AFAEL thiosulfate?} yest extract’} E3SF3E Au| =] o A
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Yeast eviract Tlal evirac Fepbom e

Nitrogen sources

Fig. 21. Growth characterization of FEnterobacter hormaechei JH in
thiosulfate medium supplemented with 0.296 carbone-sources
(A) and 0.29%6 nitrogen-sources (B). The growth condition

thiosulfate medium, incubated at 30C, 250 rpm for 24 hr.
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Xanthomonas sp.2] A32%= A Y4S B A (Cha., et al, 1999).
4. E. hormaechei JHS 3 235 ZA}

1) Thiosulfate F=o] W& 3 235
ThiosulfateE 7]&d = 3}eo] o] %= 0.016 M, 0.032 M, 0.064 M, 0.08

thiosulfate®] s%7F =25 T Y A= A=
(Fig. 22).

T3 #3454 AA 520 T delicates(KCTC 2851)2] 714 5= A
o A% FAHEHA] thiosulfate. T E=7F S7HET5F Al A4S A3+

2he A4S JERRA T (Fig. 23). 24 A kol Aatdk $o At

TS B 0016 M (ODgooim. = 71.28), 0.032 M (ODgpormn = 1.01), 0.064
(ODgoonm = 0.79), 0.08 M (ODgoonm = 0.56), 0.12 M (ODsgoorm = 0.30), 0.16
M (ODgoonm = 0.40) 0.2 Azt o] Aol HAAom FHAisdts o F4S
e AT

T T VA ed A dSs vlas] & w, E hormaechei JH7V T.

delicates(KCTC 2851) Bt} Aol A4 sHo] wf$ 53 o= e
wom, F 5 RS thiosulfate §%=7F &S WA A4S Ade=
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Fig. 22. Effect of thiosulfate concentrations on. Enterobacter hormaechei JH
cell growth. The .growth condition thiosulfate medium, incubated at
307C, 250 rpm for 48 h. Symbols; (@) thiosulfate concentrations of
0.016 M, (O), thiosulfate concentrations of 0.032 M; (V)
thiosulfate concentrations of 0.064 M,(A )thiosulfate concentrations
of 0.08 M, “(H)  thiosulfate concentrations ~of 0.12 M, ()

thiosulfate concentrations-of 0.16 M.
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Cell Growth (ODgOOnm)

Fig. 23. Effect of thiosulfate concentrations on Thiobacillus delicates(tKCTC
2851) cell growth. The growth condition thiosulfate medium,
incubated at 30T, 250 rpm for 48 h. Symbols; (@) thiosulfate
concentrations ‘of 0.016- M, (O), thiosulfate conecentrations of 0.032
M; (W) thiosulfate- concentrations lof © 0.064 M, (2) thiosulfate
concentrations of 0.08 M, () thiosulfate concentrations of 0.12 M,

(D) thiosulfate concentrations of 0.16 M.
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Fig. 24. Effect of thiosulfate concentration on the—sulfur oxidation of
Enterobacter hormaechei JH. The growth condition thiosulfate
medium, incubated at 30C; 250 rpm. Symbols; (@) “thiosulfate
concentrations  of 0.016 M, (O), thiosulfate concentrations of
0.032 M; (V) thiosulfate concentrations of 0.064 M, (A) thiosulfate
concentrations of 0.08°' M, () thiosulfate concentrations of 0.12 M,

() thiosulfate concentrations of 0.16 M.
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Fig. 25. Effect of thiosulfate concentration. on the sulfur oxidation of
Thiobacillus  delicatestIKCTC 2851). The growth condition
thiosulfate medium, /incubated at 30C, 250 rpm. Symbols;(@)
thiosulfate concentrations of 0016 M, (O), thiosulfate
concentrations of 0.032 M;. (V) thiosulfate concentrations of 0.064
M, (2) thiosulfate . concentrations of 0.08 M, (I thiosulfate

concentrations of 0.12 M;([']) thiosulfate concentrations of 0.16 M.
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2) Batch reactor test
E. hormaechei JHE ©]83%F bench scale?] biotricking filter system %
£S5 3% =718YS 98 batch reactor testol A9 & 3gtE 4t
ZAMS Bkt B Ao AMEE SEta ThAas FAE G Y SAE 2
7] Aol astxold AMATFT L3S AFE TFEE ARE AR
Table 12 batch reactor test 2ZE YEelW Aoz w]d 147+ |
Agel §&=Q 112 ppme 2 W37F iAo, wiek 2043 Fell= &
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A5 27 332 ppm, 224 ppm, 18.0 ppm L¥]il 3.1 ppm&=Z U ERGL
2231 E. hormaechei(ATCC 49162, CIP 103441)& 7+7+ 1084 ppm, 102.3
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Table 12. Reduction of hydrogen sulfide concentration by oxidation in

incubation bottles

Incubation Incubation Residue hydrogen sulfide
time solution (me) (ppm)

E. hormerchei  T.delicates  E. hormerche
JH (KCTC 2851) (ATCC 49162)

After 1 hr 0 112 112 112

0.5 112 112 112

1.0 112 112 112

2.0 112 112 112

5.0 112 112 112

After 20 hrs 0 110 110 110

0.5 36.7 33.2 108.4

1.0 N, 22.4 102.3

2.0 8.5 18.0 98.7

5.0 3.0 3.1 98.5

* concentrations are calculated with calibration curve.
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Fig. 26. Effect of empty . bed residence time on the hydrogen

sulfide removal efficiency.
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9 HatEko]l 110 g/m’hrolstell A 90% o139 =& AANEES RIS
o, 72 o] M AAEL] FasPon, 220 g/mthre] Ao fYFa
oA A AALZHS 118 g/m>hrE e THFIg. 27).

AAGFE A7tz 9% 2 AAEZL} DHT BA7 Yol FHA
A A ol 3 Fod WeE Fo upEA, A

=3
o AAGFE vihel STl EAlsks mA= &dx=s

Table 13% #H< 2% AFzEdd o8 iy VOCs AALEZF} £ <
T A3E vaste] JEld Aoz o2 A A A& biofilter 342
o] &3S W ;s AALFS 494~4883 g/m’hr, biogrickling filter
FAQ oM Toluene® 4% 27~50 g/m’hre] AAE=FS JeEPNATE 17
U FoA B = gl5o] bietrickling filterS o] 83 B A Ao A= 7]
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Fig. 27. Elimination capacity with regard to hydrogen

sulfide loading rate.
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Table 13. Comparisons of elimination capacity

Bed . Elimina.tion
Compounds materials Operation capaglty References
(g/m™hr)
JEJU o )
HoS Biofilter 269 Bin et al., (2001)
BASALT
HoS PU Biofilter 488.3 Jeong et al., (2007)
HaS AC/PU Biofilter 157 Kam et al., (2004)
HoS rock/wool Biofilter 49.4 Eun et al., (2005)
HoS PU Biofilter 67.4 Yoo and Lee (2007)
Toluene Pall ring Biotrickling filter 27-35 Song and Kinney (2000)
MTBE Lava rock Bietrickling filter 41.7£3.9 Diks “and Ottengrat (1991)
MTBE Pall ring® Biotrickling filter 50.0+7.2 Diks and Ottengrat (1991)
Toluene Pall ring Biotrickling filter 32.2 Cox and Deshusses (1999)
HoS PU Biotrickling filter 118 present study

PU : Poly Urethane
AC : Activated Carbon

Comparisons of elimination capacity with previously reported results
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33t A 725 112ppm B7FStal E. hormaechei JH, E.
hormaechei(ATCC 49162) 18] thZu| &2 T. delicates(KCTC 2851)
S ZbZy H7bFol 05 ml 1.0 me, 2.0 m¢ ZE]3 50 mA HEE FY5HA
30CelA 2041 REgAI S 1 A3 mAE H7FFO05 me 1.0 me, 2.0 me
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ppmo| ™, T. delicates(KCTC2851)¢] 7% 2+7} 33.2 ppm, 22.4 ppm, 18.0
ppm 123l 3.1 ppmo = LB

. Batch reactor testoll A #3dl5a7ts AATOl 7MY FS o2 e
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