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Hydrogen Sulfide Removal by the Combination of Non-Thermal Plasma and

Biological Process
LI Hua-qin, HE Jue-cong, CHEN Zhou-yang, LI Bao-ren, HUANG Qian-ru, ZHANG Zai-li, WEI Zai-shan

( Guangdong Provincial Key Laboratory of Environmental Pollution Control and Remediation Technology, School of Environmental
Science and Engineering, Sun Yat-sen University, Guangzhou 510275, China)

Abstract: A bench scale system integrating a non-thermal plasma ( NTP) unit with a biotricking filtration ( BTF) unit for the treatment
of gases containing hydrogen sulfide (H,S) was investigated. The additional use of the biotrickling filter to NTP reactor not only leads
to the enhancement of hydrogen sulfide removal efficiency up from 83.4% to 90.1% , but also eliminates gas-phase intermediate
products from NTP degradation of H,S to produce sulfate and H,O. The dynamic changes of microbial community in BTF influenced by
ozone from NTP were assessed by PCR-DGGE. Results show that the microbial community was affected by ozone. After the integration,
a part of microorganisms disappeared, and meanwhile some new microorganisms appeared. The microbial community structure in BTF
changed from eight bands to nine bands; three bands which have the functions of desulfurization disappeared and four bands which have
the functions of desulfurization appeared; five bands which have the functions of desulfurization and sulfate reduction were unchanged.
The bacterial groups in the BTF unit of NTP-BTF system include Uncultured Thiobacillus sp. ,Acidithiobacillus thiooxidans strain dfl,
Uncultured Thiobacillus sp. ,Uncultured Acidiphilium sp. , Uncultured Xanthomonadaceae bacterium clone SBLE6C12, Uncultured 8-
Proteobacterium and Paracraurococcus sp. 1PNM-27.

Key words : non-thermal plasma and biological process; hydrogen sulfide; odor; PCR-DGGE; microbial community
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Fig. 1 Schematic diagram of hydrogen sulfide removal by the combination of non-thermal plasma and biological process



1258 AN 5%

B % 35 %

A=W DRSS IR R T B R S Y
(1C) AT & VR 43 B, BAK 53 B 0 1 WL SCHk [ 21 ].
PCR-DGGE 43 ik . 1 Je 4 BURE il 1) DNA, 7
FHE %)} 40 16S rDNA V3 578 X F338 Hl R534,
K H PCR X ( ABI 9700, 22 [E ABI A w]) #4791,
K H D-Code 57546 R GE XA i 4T DGGE 43 #r.
¥ DGGE HLUK A Y YIRS BTl . V3 X PR 3
ST

2 HFR5ITiE

2.1 RIS T YA B AL S0E R ARIE 1T
FE

FERI AR 2.0 kV W5 5 ASRAE 55 B8 1 R0
AR W R S A R ) 4301 10,6 s, 10,3 s,
A=Y IEAEERE E R 1.13 m’ - (m®-h) T Al
pH (N 2 ~7 WARMET , B 5856 B FIR-A i ab 28
AL EOE R SRS TR e e (An &l 2 R ) . Arbra]
L BRAL S PSR BETE 100 ~ 120 mg-m 22 J8] , %5
BT IR-AEY A RS 7 30 d AR E B AT, ik
SEBRE RN 93.2% ~100% , 55 4 ~30 d fEFER1E
97% LA I3 Horp 45 B 7 RO i Ak A K B AR
9.2% ~10.2% , ‘=W ALECR N 92.5% ~ 100% .
A= DR I BRI 4 B AR T LR = Ak
AEBRBOR 83. 4% ~90. 1% |, 1M FL AT I 555 55 71K
BRI S A 1 AR AR A ks e e
AR R AR R K AR 55 B A A B 2R W T R
FRPE R AR AL S L BRACRAR /N (E T sk 20 A= 1y i 0
A RFL FEak BIA R G L BRAE 97% LA L Fikb 28
AR RO T, R A A PR R B AH L, 5555

100 120

90 118

80 116

70 114
. 60 12 .
= ‘s
3 @
% s0 1o £
# =]

40 108

30 - —— TR -+ 106

0 L - HHTAWE |

- —h— R

10 40000400000t 00000t ettostetere® | 102

0 L ! L 100

0 10 20 30
BT

B2 SETFE-WERERAE 30 di5TE
Fig. 2 Performance of the NTP-BTF system for H,S removal

during the 30 d continuous running test

TFAR-A W1 3 G0 v 2B Wi s 3 AR R D 50% |, e
A AR A SO0 i 1 4 9% 2% . R AIC-800-
03 5L 0 P8 G 0 S AW o) A R A e S 2 0 i i 5 0
o SRS, A T DB 1 LA A 18,7
x107° ~23.2 x 10 " Z 8] A= W3 g 35 11 vk B
0.6 x107° ~2.5 x 10 ~° Z [], A= ¥y ik & 35 X AR Ik 5
BUEA R EBR 1A, PR 55 8 1A ik Ak 2
AL RT e B S AR AR ) RIS J i R A
REFE A R =4 B8 B, R T DA/ A ) B
FLRE RGBS A B R iE— 0 B R AL
G L T fI0 A 2K

EB TR TR A B AL SO LR SR
BRI A W R I G A B AL S R R A
BT KB ER T B A R ECE R
YuWEAT B R 25, SR R R Ak b L TR RN
NS A A B OGRS B T, R T
Y R B R RSG5 TS S
YT e AL 55 B 7 b AR R g,
AR E T 0, 0, OH %5 [ iy &, X 2636 Pk
¥ BS54 A ek h L &, T 6E
B AARBR A 5 S R A T Ak L B Ak A
AL B T K ) AR, 45 B A AR I R AR
Bl 4 ) A P 3 R A K RN A W T 3 1 R
K. A UE R A5 B IR A W A AL U R
YR BRI SRR A N TC T 1 R
2.2 RIS RGUFL R R

FEIREE R 25°C I A LR R 2.0 kV, #ES & H
1.0 m*-h ™" SRR TE A Wi 8 3 PN 457 B )
7 10.3 s BYSEER B EEHE S N 055 55 AR -2E )
DAL BRERAL R AR A & 3 FToR. DA T AT B 2
Ak 0% R AR T RN, R BR R 2T %
e RS  TIR- AL RGN N B R N %
1. AL S TN T 97,3 mg-h T B S ES
FAR-EE X AL R B L BR R 100% , H R
B A B AL S E g g, PR A5E
T BN B T IR-E W R G R AL
A BR FABZ W T M. 4B AL & HE R g ol
180. 8 mg-h ™", B —55 B FARXT A AL A 1) B R N
H2.3% , Bo— LY AL S R BRR K 78. 7%
FR TR AL LBREN 84. 0% G
YER B K, N 3.8%. b il B Ak &0 1 2% B R ol
99. 3% , B Ak S #E S o 111.2 mg-h ™', It
A 5 B TR X AL & R BRR N 10% , 55 B T 1A-
VARG R E N 2. 2% . & F1R-EW)



4 4] IR . IR AR TR - A R A PR AL SIS 1259

EABRAL S L BRAE T, 5 5 A 25 B 1R 0 B
(A ML P B AR 22 AN K TR G 25 2 1A ik
X A A A ) 2 EAE TSR

100

= - AR T
i 50 —— TR
b — A

l
0 50 100 150 200 250
HEACH B mg-h

E3 #HEAFNESFE-EWELBRLSHIT
Fig. 3 Influence of inlet loading rate on H,S

removal in NTP-BTF system

2.3 B AHL RS B R A A Ak S0 SRR
Al

SRR 0.5 m* -h ! AL A Sk B
470. 1 mgem ™ i A B XTI IR 45 B TR L B
LGRS AR I 4 Fis. BAL & B BR R
Bl FE R 156 00 T v M A RN 1.2 kV S E]
2.0 kV, B AL Z A LBRFE M 7.9% F+iE ] 30.9% 5
Uksfria AR 1.2 kV B3] 6. 95 kV I, 455
TURGR R R A L ., BRI R B R
FH 30. 9% $EE 5 65. 1% ; 4 R e 5 8. 56 kV i
WAL R LR 93.6% . BEHE IR T &, 258
FUAHCR AR R REHL T B H A B R AR A TR
TR R o, O AR & & AR R X
[ETRTER: NI Ra Sl 1 A (U RTLK SYA 1L i 1 WU =)
SN 1) )| o= N It B 0 E N S 2
BRI BEARAT B A0 42 57, (2 i PR i 1 m
R BEFERYI N, 7ESC PR TREE F v, N 25 A 4%
HAAT I A R A R A B A R
A ) RLAE R S5 5 AL S 96, Samaranayake 25
WFFE R, oA I A R it B 420 B 5 i A S
r B 2 B R HG R4 R B AR B B A PR
AR R T8 K, S AR R 1.0 kV B B4R X
F8.3x107°, M5 AR 2 kV FHEE] 6.95 kV
I, R EE 20,3 x 10 3N E) T 101.2 x 10 ¢
MHL RN 8. 56 kV ISR R 168.3 x 10 7. R4

100
90
80
70
60 F
50 -

40t

Tt 206 B BRSO %

30 -
20 -

10

0

1 2 3 4 5 6 7 8 9
LT AV

B4 BEMERESTFHBRIRENZIMD

Fig. 4 Influence of voltage on H,S removal

B s A A v XA WL A WA — ) EE EAE
FHP . ST 2 B0 24 1 A B A W e s rh R4k
JE/NTF 25 x 10 7O, 5480 AR 430 U 38 X B A U
Ra itk A W TR AR A 2R W R R ARCRAN A2 5
Moussavi %% Fll Wang 257 (4 BfF 57 & W 35 ‘A9 R
AR TE— B R E L Re e g A= W R XA B ) 25
B , R R 42 il A P 3 v 2 i i 2R K BRIR R
40 5 K. B AR i DR A R e R A Hbis A T i E A R
SR EE R 20.3 x 107, T G BF 6T 07 14 i A F R R
2.0 kV.
2.4 SEETR-EYE A PG AL S IE IR S BT

PGNP LAA A i D3 i A P B 5
JoT, e A i U I N A W Y LE R A s B A
AR DRSS A P, D S A TR R R Y R
Yy RRNS A A B AR . S5 B R AR ik
RYHIE Y pH (EFEE 3R Geia 17 I a] (1 128 K %
W, R B IR R pH B /)N | B P ask 8 71T 5 Wi
TR T E W 0. 1 mol - L' NaOH #1571
W pH fHAE 2 ~7 Z 6.

KB gk X4 5 R-LEWR RS RS
Ak 3 A S A IO A% AR PRI ES - n 1E 5 .
H A 00 5 5 2R 5 b M B R B - s R A T LR R,
ATLLEME A E MG RN & A CL |, NO; | PO, Al
SO; ™. T Ab 3R A S0 AR 30 U 2 )40 B v A
AATAR] & B 58 SR 5, BRI AT LA A 06 2R 0 T i
SO;™ K A GRALE R LE Y REfR , i A 2 ok B 7
SMIMATEFRIR I TCALE T2 T, 55 85 1A R A= )
TESE YA M BB AR TR S (I 55 3 TR R A
LB IS PR B Ak S o — AR, S5 T
PRXT AL U L BRI, AR A AR iR,



1260 7 B s =2 354
TEA B G 1] (U0 D€ 7 A= W) R4 P B8, 1T A 9 K Acidithiobacillus ~ thiooxidans  strain  ABRM2011 .
NIESIN Uncultured  Thiobacillus  sp. ), WMo E g

( Uncultured Xanthomonadaceae bacterium clone

Ccrr
| a
[
| 3- |

I Noy FO4 \
——— h L 1 T
0 1.3 25 38 50 63 75 88 100 113 125 140

f/min

B5 EBETHR-EMERSRGETEE FaE
Fig. 5 1C analysis of the circulating fluid from NTP-BTF system

2.5 fIRIE S B R RO B Ak S A A 3 E
Gy ey R (Al

AR A5 B T 5 A W A A e b PR AL
AV IESS N UE R S AR Ak e 1B AT
At ERCA B Ak AR Wi R B (BT ) R4 B8 1AR-2E
PI(NTP-BTF) A RS04 Vi ie 55 I S R
4T PCR-DGGE 24T, % 13 PR BEAY 16S rDNA 7
51 5 F FH Blast #2 % 5 GenBank 1 2 %1 [ F 1)
16S tDNA FPHIHEFTXF H 43T, P AR R B R E TR 3
IR M m | S5 g 1 R,

K H PCR-DGGE £ AR 43 ik 45 85 1k 5 4=
W U B A T e A B Ak SR TR e S N E
FEVK LSRR S Ak, BTF Ab 39T AL SR 2R B S 2 Y
FEA 8 AW B WA W R (Acidithiobacillus

SBLE6CI2 ), -2 B ( Uncultured
3-Proteobacterium). NTP-BTF £ 4t 4= ¥ 1 Uk 8 N
Acidithiobacillus ABRM2011 .
Thiobacillus ferrooxidans . Uncultured bacterium iX 3
AN BE S, R B P T Uncultured  Thiobacillus
sp. . Uncultured bacterium, Uncultured Acidiphilium
sp. . Paracraurococcus sp. 1PNM-27 iX 4 ™ H 0 &
B B T IRE Y R GRS 5 B RN A )
H BT J& ( Uncultured Thiobacillus sp. .
Actdithiobacillus  thiooxidans

thiooxidans  strain

strain dfl, Uncultured
Thiobacillus sp. . Uncultured Acidiphilium sp. ) , & ¥
WHEE ( Uncultured Xanthomonadaceae bacterium
clone SBLE6C12 ), 8-Z% J& B ( Uncultured 3&-
Proteobacterium) & &l Bk # J& ( Paracraurococcus sp.
1PNM-27) . NTP Fl BTF 15 i 5 A= 9 U 3 W A
A U i AR 32 A P B0 AT 2 A AT T i A 8-
IR A AE A S SR R A A DR S R A AR ARV E L
P s i Ak A A R BRI 8- 12 T ml LUK
TR R AR B 13 IR B 2 1 M2 B B ph T R0 NTP-
BTF (4= Vi U8 55 P AE W) 22 RE 3G I, o Ak =R
FRAVE P RO B3 2 W 5 B A ) TG DB 85 AH UL NTP-BTF
HE BTF A= Wy 7 445 0 1) 22 01 ) RE 2 i T
ARG A5 3 1 A T8 2R e A 1 0 A B b ) 7 4 (an
SO, 55) WS 5 oA 7] Rl 2 A IR 45 28 114 7= A 1Y
B TEAE Y uE I A5 A Wy T 0k o X RS

thiooxidans ~ strain ~ ABRM2011.  Acidithiobacillus ~ SZVEZERYRUA PN T, ) I X0f 5 40T 52 4 58k 1 2
thiooxidans strain dfl, Thiobacillus ferrooxidans . YR
®1 BUSEWHREZMLEE 16S rDNA DGGE F Wil F S #45 R
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