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Reduction of Sulfur Compounds Produced from Swine Manure, Using Brevundimonas diminuta
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Department of Environmental and Energy Engineering, The University of Suwon, Gyeonggi 18323, Republic of Korea

Mixed substrate oil cakes are known to emit sulfides, ammonia, and amines. Microorganisms capable of
removing odorous gases related to these sulfur compounds were isolated from colonies enriched in vials
containing oil cakes and water. Activity tests for hydrogen sulfide and methyl mercaptan reduction were
performed to measure the sulfide reduction ratio of the isolates. Control groups were prepared with 0.25 g
oil cakes and 10 ml water in a 100-ml vial without inoculation. The experimental groups were prepared sim-
ilarly, albeit with an inoculum. Hydrogen sulfide removal efficiency of >90% was observed for an isolate,
which was identified as Brevundimonas diminuta by 16S rDNA sequence analysis. The sequence was
deposited in the Korean Collection for Type Cultures under the accession number KCTC11724BP. B.
diminuta could remove up to 200 ppmv standard hydrogen sulfide in 24 hours and demonstrated a maxi-
mum hydrogen sulfide and methyl mercaptan removal efficiency of 100% at 453 ppmv and 98 ppmv, respec-
tively, in vial tests. Furthermore, B. diminuta cells in 20% (v/w) medium showed removal efficiency of >85%
for sulfur compounds in an odor emission chamber for swine manure.
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223 Clostridium< 8] v]gEo] Trojsto] WAYE = Ao
2 BuEY, &3 AvE S WAL Propionibacterium,
Escherichia, Eubacteria, L8] 11 Clostridia%2] v £ o]
Tojstet. ot ijole} obdl o] HhA-& Streptococcus, Pepto-
streptococcus, ZL2]2l Bacteroides%2) n|AYEo0] Hoish 3+
33RO AL 9 A Megasphaera?: 2] n|AEo] Fojst=
Aoz HaETHS].

20059 7 Fol| A Al ek Ao A gt 487 9
P E A Fol stUE FAbA o] A H Tk F4MY
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Fig. 1. Schematic diagram of chamber used for the genera-
tion of odor produced from swine manure (A), The upper
side of chamber (B). 1: impeller, 2: syringe and nozzle, 3. odor
sampling port, 4. FAN.

GC/FPDE £43t9lth. GCY 4242 Table 19 2|3}
Aok AdFe E4 2= SPSS (PASW Statistics 18)&
o|-gste] 23 vlwste] FEAE 7HYl| 93t two sample
t-testE T3 THp < 0.05).
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H,S removal ratio (%) =

H,S concentration of control group —
H,S concentration of experimental group

HaS concentration of control group x 100 @
Table 1. Analysis conditions of GC/FPD.
Description Condition
Injector 150C
Column Glass Packed Column, 1,2,3-TCEP / ID: 2.6 mm,
L:2m
Column flow Ny, 10.1 ml/min
Oven temp. 60C (0 min)-130C (1 min), 20 C/min
Detector FPD, 150 C
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e AdeE Fofead AFE FLsHA of
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CH3SH removal ratio% =

CH3SH concentration of control group—
CH3SH concentration of experimental group
CH3SH concentration of control group

x 100 2

fz2TolA P E = FotE w2 AA TEHe A

Y2 wolde] FU8 FE7 FAIE A% ol Yk 7

oz 7tz gt o8 So] #3 R2-2, R2-3, R2-4, R2-6,
R2-7, R2-8, R2-9= YA E+&= H,S oHFE 96.7% o4 A A
st o, RJE2-1, RIE2-3 52 95%, ©]4 7]gt R9 ¥
RJE2-2, RIE2-7 59| YA % 84.7% o|Ato 2 u]$ FI}7
S 2 H,S AHE AAB

ol EEFFY mEmziere] A7 23t vl st
=9 AREE ol A& e, 10% o]5te] W A
A 8% Hole #F5H 50% ol AATY S Hol=
TFE A3tk °]F, R2-3 #5E 96.2%2 AL 5Y& B

Table 2. Comparative hydrogen sulfide and methylmercaptan removal ratio of isolates in odor vials.

Name H,S concentration  Removal ratio CH3SH concentration Removal Identity
(ppmv) (%) (ppmv) ratio (%)
Control 551.0-680.2 - 201.3-221.3
R2-1 661.4 -20.0 200 52
R2-2 0.0 100.0 100 526 Brevundimonas diminuta
R2-3 0.0 100.0 8 96.2 Brevundimonas diminuta
R2-4 7.0 98.7 120 43.1 Pseudomonas mosselii
R2-6 184 96.7 75.7 64.1 Pseudomonas mosselii
R2-7 0.0 100.0 150 28.9 Pseudomonas aeruginosa
R2-8 0.0 100.0 65.6 68.9 Pseudomonas aeruginosa
R2-9 0.0 100.0 137 35.1 Bacillus subtilis
R2-10 8394 -52.3 218 -33
R2-11 7513 -36.4 220 -4.2
R2-12 611.4 -11.0 206 24
R2-13 226.2 59.0 159 246
(@e) 672.0 -22.0 205 2.8
c0o2 810.0 -47.0 165 21.8
co3 753.1 -36.7 176 16.6
CO4 720.5 -30.8 166 213
0.5R1 869.2 -27.8 170 19.4
0.5R2 495.5 27.2 128 393
0.5R3 219.1 67.8 91.2 56.8 Bacillus subtilis
0.5R4 885.6 -30.2 108 48.8
0.5R6 427.6 37.1 129 389
0.5R6-1 780.6 -14.8 108 48.8
0.5R7 405.9 40.3 102 516
0.5R8 147.1 784 1523 27.8 Stenotrophomonas maltophilia
0.5R9 74.2 89.1 98.8 53.2 Pseudomonas lurida
0.5R11 535.6 213 209 0.9
RJE2-1 34.2 95.0 109 48.3
RJE2-2 55.9 91.8 89 56.8 Pseudomonas aeruginosa
RJE2-3 24.7 96.4 110 48.9 Pseudomonas aeruginosa
RJE2-4 746.7 -9.8 201 4.7
RJE2-5 891.9 -31.1 179 15.2
RJE2-7 104.0 84.7 97.7 537 Serratia marcescens
RJE2-9 840.8 -23.6 178 15.6
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A ch(Table 2).

FAAT B BA AT, Fehol A3 o] 90% o]
e 3= AdEig $, 16S rRNA 342 G714 E 24
oz F4S JFsHth sHE #Fol=
diminuta, Pseudomonas mosselii, P. aeruginosa, Bacillus

Brevundimonas

subtilis, Stenotrophomans maltophilia, P. lurida, Serrtia
marcescens®] %1 th.

53" 2 FFE v Brevundimonas diminuta
R2-3 F57 AF 31700kl | uirekS 100% A7 e
AWE Bgon 59 5o avy}l A&EQith(Table 2).

B. diminuta= B4 E 7|14 +F 24 Proteobacteria® £
FHm, 30T vjek2=olA pH 5904 pH 9714 ¢] 1 ¢l
A o] Agskar, s E 20-40T7HA] B3 A% &
A& 7FATH22). ®3F B. diminuta’= YEUY O @_iﬂi}
go] 943 A0R YA glon, ol AP B
glucose, arabinose, mannitol, n-acetyl-glucosamine, maltose,
gluconate®} cytochrome oxidase 5©°] &=# A Slch22]. &
Q1o AMZ B. diminutad gERYol A|A 58 ® olyzt
g gol gt Bl AAE SAE

B. diminuta R2-32] A37A 7] 4 oF3] A7+ a3}

B. diminuta R2-39] AAEAS Yol 7| Q3te] 5717
z243 @713 A vjste 1097HA] counting
chamberg ©] &3t NEZFE I +5 FF 19T
of 10%9] MEL7} BRlE o 5 -@7] 274 25 i 3Y
Aol 10°2.2 713 2 AE5E verhol wef 12957}
Ae Z-g7] 24904 Alzey 2 HSE UeyA g
=2 Hﬂok 109712 & -@7] 27 Z4Z}ol| A 1095’1L 10%9] A=
5 YEY o] B. diminuta®] WjFoll= & -7 A0 &
FFS UeA] g Ao R Bolth(Fig. 2A).
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B. diminuta R2-39] 333E dHAY 8 9 A&
Qe gotugith. WA, DEEC] Yoieas AR FES
Aste] R2-3 Mg AE FYS 23}, A=<l 10 ppmv}
50 ppmv® 3t = 1287 o] TEE<Q 100 ppmy,
200 ppmv®] 7= 24470 BEF AAEH= AL YE
Wrh(Fig. 2B).

B. diminuta R2-39) 11%5%= o3 A7 58 9 X
2 b7 Sistol otziutolere olgstel Anstact. o
2 ABE golo] B ATUoIN BARRRE HojT 25
Z A ZAESEA# (Sulfur oxidation bacteria, SOB)S.2 K11
(23, 24] Acidithiobacillus caldusE ZgHste] A5 Th
(Fig. 3).
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a2 A 8L 9 ot 13 45 JFLez oF 599 A
& A7 U lch F3tea] 27] F = 453 ppmve
HE 29 5 100% A AR oW, 5U3t AIF X &3t
w3t | goidee A 27155 98 ppmvel A 5 W%
AQA7M A, caldus JFTET o #E A 882 B
onj 69 F BT AASNYT YA 02 SOBE H,SE T
NEoE HIAAFE BUIWH AROE BA712A4
AN B EH= FALY AFHE AASHE Hol2TE Fo
wol] AgHrh 21U, Bt B2 f71E0] FFH A
€ 712E SYHYE Alatol Z7Iztel 24 L3 B4
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Fig. 2. (A) Growth curve of B. diminuta under aerobic and anaerobic conditions, (B) Comparative hydrogen sulfide removal effi-
ciencies of B. diminuta. (A) ®, aerobic condition; O, anaerobic condition, (B) ®, 200 ppmv; O, 100 ppmv; ¥, 50 ppmv; 4,10 ppmv.
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Fig. 3. Comparative sulfur compounds removal efficiencies of B. diminuta in odor emission chamber. ¥, Control; O, Brevundi-
monas diminuta; ®, SOB, Acidithiobacillus caldus ; ¥0.01 < p < 0.05; **0.001 < p < 0.01; ***p < 0.001.

- 100 E *% *kk ke
2
= 50 +
2
g
L
& 0
_15¢
g
o 12
=
g 0
S
wn O
o
=

3 L

0 . . ‘ v ‘

Before 1 2 3 4
Time [Day]

= 100 *HE  KEE %
S
§ 50 -
e
=]
S
=}
= 10f
£
(="
2 8r
g
S 6r
&}
= L
7 4
=
O 27
0 ‘ . ‘ ‘ .
Before 1 2 3 4
Time [Day]

Fig. 4. Comparative sulfur compounds removal efficiencies to inoculation rates of B. diminuta in odor emission chamber.
(Symbols; 2:0%, ®:5%, O: 10%, Y:20% of inoculation; *0.01 < p < 0.05; **0.001 < p < 0.01; ***p < 0.001).

3= A EYTHFig. 1). FHAGES A A ) A (@)l
SAst Attt B. diminuta®) HEF 2 F3t=E A
4 ANE s A #F FUFE =2k ARY 5,
10 283 20%(viw)oll %8t 150, 300 L8] 2 600 mlY]
A S BRI R oA HAE = o F3ea
o Wgv 24gs S5t en, o] & Fig. 494 2+ JF
O AT Ao mE ARANE gopE gt
=20 B diminuta R2-39] #j¥A-S HEsty ¥ 4%
ZH S HEUHT AR, 20%(vv) AEFLE 27T
= 1 HoSE o 87%9 AA&LE 7M. vl =3¢
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9 7, 20%(viv) 9] T+ HFFANA o Aol = Hr)
85%] AATES 2= A2 Uehith(Fig. 4). whehA], &
38 F Fotead MEHatEgs B E axoz AA
317] YA HEFS 20%2 3 o] ATA Ao
Uebth 2RS¥ W7ol AA 23 37 2R
E1 o] Folle gryote ZgtHh 5% #F FEFE
25T A 197 7] FX 5.5 ppmv? 54%E A At
oo, ue 4 Ao = 83.6%E AATL + UAtH(data
not shown). #3542 FohujrE o] £2)H R2-32 3}
TS 7 EHH R AASAT GEYotE BHHo R
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2 Aol 1—‘5 SARMAAAS AT AHAR HBEE E
24 Z712 @A AZRH 22 2 TS AN
o 22 nAdE9 F3gE A anE EAsY. 1 2
I}, Brevundimonas diminuta R2-32 £83lg 2 KCTC
of 71gtste] 7| & KCTC11724BPE K ojubgpch. oF3
vlo| ol A B. diminuta #+3F= °F 453 ppmv] 354
FEoAE 55t 100% ATt 58I A &AI TS Ve
o] 98 ppmve] HEHIES] FRoA Y 6UA 100%
A7 EIHE et Telu ERw ARE oF BYo
2 o w87 AoIME Rkl oF 20%(vw)e] T )
AT LETAE 0 JA-L5 AUTR 42 5
3} 2|4 A17k0] 242} 95%8} 49 OO WS B A T

35 el
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ok
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fo

A BokE, g Yol 28 A ofnlo] WAt A
oz dA U o AR nAES AEs] 8 2
Edfrdbo] Z3HE vholdE w3 vttt g3kE A
ndEY] Y& 8 Fatea d vEvEnd A 84
S A 2o+ 100 ml vho| o] k{8t
0.25 9T FFHFA0mDE Fol FHE TAAFeH 43
wollE 2T Hhol g 22 Ao EEEFE HES
ok B FolA FEAEY AFa gl 7P & o
F2 dut# el 54 5 el 16S rRNA sequence 240 2
=2 A3} Brevundimonas diminuta® 3% 92 KCTC
o 7|gtste] 7|ghHE KCTC11724BPE Y ojukoltt. B.
diminuta= 83t54a EE7I2E 200 ppmv7tA] 24X 7H
of 2% AASA. £, F3peaot wEHEY A A
7 A& vto|d AAol|A 453 ppmvi}t 98 ppmvol| A 242}
100% A&= YEth B3 =& o83 o FEANrS7
A= HEF 20% (v/weight of swine manure)d o 33}
£ 95% o4 AIA EEL et
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