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Abstract : ®Under transient conditions, a biotrickling filter-was &eveloped to treat gaseous H,S produced from the fine-grid reservoir of a

- | —

municipal ‘wastewaler freatment plant ( WWTP) with AAO excess sludge as the inoculum and polypropylene rings as the packing
material! The start-up process and steady-state operation of the biotrickling filter were studied. With an empty bed retention time of 14
s, an ambient temperature of 7. 8-32.5°C, and an inlet concentration of 2. 02-319.19 mg-m ™, an average removal efficiency of
91.8% was achieved with a maximum H,S elimination capacity of 78.37 g+(m’+h) ™'. Over a 247-day period, the pressure drop

~!'. Microbial analysis using high-throughput sequencing technology showed a

across the biotrickling filter was maintained at 96 Pa-m
variation in the microbial community during the experiment; the Shannon index dropped from 4. 99 to 3. 75, and the functional genera
Pseudomonas and Thiobacillus were identified as good performers in the biotrickling filter system. These results indicate that the
application of AAO excess sludge as an inoculum for biotrickling filters is feasible for effective H,S removal. A steady pressure drop
was achieved using polypropylene rings as the packing material. The diversity of the microbial community showed a downward trend
when exposed to H,S, but the elimination capacity could be increased.
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Fig. 1 Schematic representation of the biotrickling filter

1.2 HER st

RN (polypropylene ring ) 1 iy — Fift ¥ 4} 11
Bl BA R 0 FE R v, AT LG R A Al 1 AR )
B ET KA BRAT AL B B I R AR DA R
P ERE A IR A PIPERE S L3R 1.

IR TFHART,25. 12 L 25 IR 50 L %

R, I AAO-BAF Hik "™ — i h 58 45 75 Y8 it
TR, S g Rk A5 K ) kK 44 8 R 4/ B
A/ (1:4:8) 1Y SBR iz 17 . 14 d J5 R
S W] LA B AE DR K SEDRE RS A Wi e 5 Y.

ARE M 2016 4FE 4 H 19 H IR, & 2016 4F 12
H 22 HEEo HitisqT 247 d. fEtisfr ]y, 3%
RS AT | SRR IE RIS TR SRR Nl
5 BB, BRE i Lk 2.
1.3 Wi Btk

AL ER IR GB/T 11742- 1989 (JEfEX K
AR R AR RS B0 bR v Ty R W A O L)
by



10 4 PN RAE RNIGIE Wi U8 s L bR S BRT BOs K T Ak Sk e s R s AT 4587
*1 REKBMERNYESE
Table 1  Physical characteristics of the packing meterial
SiH Hiz mE e HEFRR BE EEIpA
N /mm /mm /% /g-L’1 /m?+m 3
ZHUE 25 10 90 124. 43 950 ~ 1 000
F2 EYHEBENETEX
Table 2 Operation of the BTF in different phases
IR B KHud H/H-H BT
IRASFA ) = 14 5
I 1~9 04-19 ~04-28 ﬁﬁiﬂﬁzmg; 400 mL-h~!
TEI I A TR
2RI A IITE] = 14 s
Il 10 ~55 04-29 ~06- 13 PEF M i =400 mL+h !
(LN oo
25 PRIZEAIT ) =28 s
I 56 ~90 06-14 ~07- 18 PEF R =400 mL+h !
PG H Fh e e
PR B ] = 147 9 F
I\ 91 ~196 07-19 ~11-02 ﬂﬁﬂ{&/ﬁg 400 mL+h ™! = el
C TEIRIR b
l {“%’Ejlu] 14 s .I _,._‘I-"f )
H VI =400 mL-h 7! 4
TESRACR FART, IR NaOH JH8 pH Jy 8, 5 ey

\Y 197 ~247 “'.1.1—03 ~12-22

— T : 7 ¥

u ; 77, ,-f"'f

{JJ;EFB“HT TSR R 1907, 32,6, 54
8.0, 10,0 FI12.0m’+h " ﬁFHFF%((ASsm ey
EFIE)U”J/KEJ&/:L ﬁamDZIEﬂFﬁ%ﬁ JE AT

S, :r:ﬁitzg%l 207 40, 80, 1204 180$ﬂ24(1d &

i PRI R 3 Y, BOT RO R 2]
B, 2RI O TR, VL BRI B . Bt S B4 IR
Hy 10 ATORE, i AR R I E H VSS A
TEFERE IS 1 d, DL AR e B AT Hr By 46 100
d 73 O R s 5 AN SN SEDRE T T A=
YIS, R A R T L ( FreeZone 1L, Labconco 2
A, &) % T 48 h. R ] FastDNA ( FastDNA SPIN
Kit for Soil, QBiogene 23 Al , JE[E ) #EHL DNA , I 7E#E
fafim 43 69 BE 31 ( NanoDrop1000, Thermo Scientific
AT, FEED) K 0D260/280 A 1. 82, A BE &
-20°CVKFE. W1t PCR ¥ 34519 S tag JP AN U .
515F (5'-GTGCCAGCMGCCGCGG-3"); 907R (5'-
CCGTCAATTCMTTTRAGTTT- 3'). PCR % fil ABI
GeneAmp 9700 PCR £ 4t 5¢ L, I8 2% Br e W 5E
QN i1 [ N i Sl g e 7 | B |
Hlumina MiSeq PE250 - 5 I & 3 13 A& Wy B 7 21
. MiSeq MEFSFHY PE reads Hi4fE overlap X%
BB reads PFEZ L — 257 91, AR PE Barcode 55|
Yy Fe 5 X3 & FE i, I 20 0] S TRl OTU. 3B 4%
97% FALEE 9 OTU , I FH mothur 355 A5 [ BEHLAh A
THY Alpha ZAEPEFE L [F W, S 1745 2 41> OTU

H Fﬁhu#w%ﬁm;aﬂ{mmrjj 10°C . P
E’J%ﬂ’%*ﬁ = :;kﬁﬁ RDP 013551ﬁer Il ﬂfﬂ;ﬁ%’:
%HW%EJK¥%&UK%Vﬂﬁﬁﬁ_;ﬁ
M, 5 SilvarBtdiaf L Xt IF7E 8 (genus ) KF- L4581
ARSI AL AL 4
1A= W i 8 B 92 Prazs 47 b, SR H 60 AT [ load
LR, g-(m’-h)™" ], 2 B % ( removal
efficiency, RE,% ) F1ZFR 71177 elimination capacity,
EC, g+ (m’-h) ' R BN BERE Ty, DA =
[% (pressure drop, Ap, Pa-m ") R FRAF R[Sk, H
THEIEWNT .

rate,

v X Cin (1)
RE = =" x 100% (2)
_ 0
EC - V X (Cm cout) (3>
- P
Ap = (4)
A, Q MR R, mgem 5 VO AR A RUE

A, 3; c;, Ml coutﬁ%']%?ﬁ/ﬁﬂ“ﬂm H,S ¥ ¥,
mgem ;3 Ap NHEH TR ERE, Pa; H N V45 A %K
=, m

2 HRRITR

2.1 Jazh M fafaahdy
W 2 frs 1 ~9 d A Y ne s ad s shbr Bt



4588 E7 N A & S 40 %
1| I l 11
w0 L i 95.5% i AR5 ~ 35
-’f“m“"iﬂti YN A 100
Al A L /\
| H = 30
ad | A : YA
; A { A 8%
00 Aa A i - 80
"N i - 25
; : “A &0 120
= 5 O Rk A A 1% .
¥ 200 i HO T ik i Hn 4 ) 2
i : T ;J.L o415 &
% ' A RE b -
2 Al e
L = 10
100 , Z
‘Al 0 7°
ﬂhﬂﬂﬂ mﬂﬂﬂ]ﬂmﬂﬂ f {: ; k
0 i i e || il o
04-1 ns 03 05-18 06-02 06-17 07-02 07-17
TR o
H2 SYTERENEDMERA SRR oo e
Fig. 2 Start-up processs jf the BTF and its performance dnrmg load shocli ..,.""I f_.-" i
TEFESURE N 4. 02 ~50. 98 mg m 7T % WS SR TR R 76% Eﬁﬂﬂiﬁﬁlﬁﬁo 1 g (m b iaF
1.03~13.11 g- (m h) ! SR, fif%ﬁv\lim W52 %) 9096 BA 1. Hﬁﬂﬁﬂﬂ%fi@t 30, 31]%’3%

E’“ﬁ{iﬁx_ ﬂf‘" M?ﬁl d %@17@,74#3
95 5°d it 85%,]4_11 e 9 d L@J 99’%
IJLEJZIJJEH% L
T9 o Y5 B ] Y, i%/ﬁ/}ﬁ’im_ﬁﬂfﬁJ\ §
ﬁiﬁ‘ﬁllﬁ%;ﬁﬂ;
12. 7 1% )?%iﬁl tﬁi%{%ﬁiﬁﬁféﬁé’l‘iﬁﬂ‘%_
AT IR 22 | 3 38 Tl Ak I ) 4% 2 1 W i
FEXS BT shifidE TMERE. &5 U L9 d A AAO
A5 VE MR, el LLSE BB H,S ThREE A 91k
4.
BB oA

JE}I‘E

10 ~55 d, Wi nE ¥k At e

T B FEERHREE R 12,19 ~96. 23 mg-m ™ [xﬂ“
P 3,13 ~24.75 g-(m*-h) '] E&HF, B

T UEEE 14 £ B RN 95. 5% . Kim 258 &3 78
W H,S HEAHARMNO0.1~6.0 g (m*+h) ' AWiHEES
Mt FErh, RV ARSI REAE S d WL ABR R & T
90% ,3XIEB] T 1E— 5 U N, B AL 40 T (sulfur
oxidation bacteria, SOB) HA5 & AY3E I GE
ER B I, 55 56 d i X «zww 153.73
mg-m [ PR AT 39.53 g+ (m’-h) '], X —BUH
AHBCTHT 1 d(78.56 mg-m ™) $& w2 %, A= Wik 0
P& J IR R RAK 5 58. 3% . FE45 71 d, H,S Mk EFH 5
Z363.71 mg-m [ P HMf93.53 g+ (m’-h) '],
FBRIEARE 35. 1% . X —IRAE Kim % 19858
HERE B, M 28R H1 0.1 g+ (m’+h) ' FHE 10
g+ (m’-h) ', RN AR BREEH 100% FEILE 64%

, LEBEA (Iﬂ:ﬂlmﬁﬁﬁt &

i, mﬁ@iﬂﬁf’ﬁ%ﬂiwﬁll GEIR LT 1Y Tl
i L AR, INEISE A SR DARERE
TS I 55 0 bR, SRTH 3% LTIM&;&BT
ISEFH Y, SR SRR o 2 R (R DR AR R IR Ry 2
W ERS A AT T R KA X

AHFFAER 72 d xﬂzr“ﬂm)\ﬁﬁlﬂﬁi%w% H
5’6%;%%‘; PR 15287 15 0] 2 28 s, JF 4R 787 ) 416 3R I K

FAPAT A AAO Bl 43750, I H NaOH ¥ 2% 45 2R i

pH £ 8.5+0.5. W55 72 £ 76 d, Wik IEHE L%
KM 57. 6% HE 1 2 96. 0% K Ttk
2.2 REEBLT

WE 3 s, LTSS 91 ~ 196 d IR
EB AT B, E I E N 2. 02 ~208. 56 mg-m
[P 0.52 ~53.63 g+ (m’+h) ' | JE I, S
T EBRF95. 4% X — B BeAH 3 T B T %
FEAE AT, TE 3RO 96.23 2 B & 208. 56
mg-m CHEBL T ARSI TR B R, T
AR LBR H,S E’Jét%?ﬁﬁ‘iféi“m EEMNMAEY L
BRAE A3 30 T HE . Tu S5 R R RN 7 Y Y B
i%ﬁ%,fﬁﬁﬂﬁ pH K H,S M & F &%
SRR A% PR PR I A2 4 R B A (R R e A
T 1 1) 22 R 7 A

FEES 197 d, #F ROk BE R IROE & 229.22
mg-m 7 PEAF LRI 2. 1 5 AR A Wi g i i
TR, B ) 08 FRIBOK A AT A AAO 4k i5 e, I
FH NaOH PR fEPR pH % 8.5 +0. 5. 7EBTBEV I,



10 #4

NGRS . RGP A W E BE L BRSCPR T BTG KT B Al Sk RE S A Wit o i

4589

PRI 8. 64 ~319. 19 mg-m ~° [ #FA M7 2.22 ~
82.08 g+(m’-h) "], A=Wy UK IE L PR BN
92. 8% . X UEHA T e J7 23 FH T 40 £y A8 £k i B2 K
(RS2 BR T AR A, AT LA 00059 e MR L e B
H,S A REPE R HIAE .

AT UEIE W 1T T R PR Y pH i SE R

K72, MAE 4 dsf7 R TP AR ba o 3.6 ~5. 1.
Zib fE4 19 BE 12 22 Bkt 247 d Y
A AR IR AR H,S MR 2,02 ~319. 19
mg-m " AMRIREE 7.8 ~32.5°C , fEM I pH } 3.6
~51 MR, ST ORI Rk B 13,08
mg-m%,—TFi@j&“lz/%% 91.8% , fix K 2= bR i faf N

W CHRAS ) 25560 50 pH ZEEAROS 7837 g (moh)
v [ v
400 95.4% 92.8% 435
B e YV Nl V" 2N ‘ o gpd "
A A a4 “‘_A‘_“:_E *%Afli A‘ 4 30
Y Al '
H 85% 1 g0
300 425
3 O R
E A fi e 1o 120
= T = 9]
% 200 F A RE =3 5 &
=S
v 40
= 4 10
100 .
‘ ‘ 20 5
40
: || sl o 0 || | L] il Wt |‘ U
07-17  08-01 08-16 08-31 09- |5 09 30 ]U ]5 |U 3U |]-14 11 29 12-14
H (H-H) !
iy, - o v
| J @3 «ﬁ@éﬁa{imﬁﬁﬁw& BRI 5 R R, (., ¢
/ ¢ Fig. 3 Perforthange Qf Ehe BTF unﬂer steady state and load’ bl’lQ \remstdnce Sllfdlegleb - ; r-d; F
2! 3 Fﬁ“&@ﬁli%i ; 'y S ‘ 400 s
5o X g s, i%/ﬁaﬁi“ﬁﬁﬁﬁ%ﬂmﬁ? a0

SO KRR, IR Ak, ek
A Y A 72 5 T U, R T s o g P AA A B 3 0
ERetrnHEz —
%ﬁ%ﬁ,i%{%dﬁiﬁ%%fﬁ%fgﬁﬁ Ap 5
SRR V I RFFA Forcheimer J7 2

Ap =a-V+b-V (5)

X, e Mo HEE, VEASEKEWRE[V =
Q meh-!
(D/2)2><3.14]’ b

&L 4 AL, AR5 TR AR W IR IE ) Ap HR
PRI (1) ¢ RAF A Forcheimer 77 2. 7E55 1 d,
MW TARFE R 31.8 meh ' TR 382.2 m-h !
HTJ’,Ap i 13.8 Pa-m ' FHEHZE 177.5 Pa-m . Yang
DY BARAE TR ) S ROASOECRE G A S R
i, Ap B 500 ~ 1000 Pa-m™" (V& 72 ~ 1000
m-h~"). Dumont 25" FI FHAM e 11 HORL 4 A 4y ik
R Ehit, Ap A 15 ~ 370 Pa-m ™' (V 2}y 72 ~ 504
m-h™"). Ben Jaber e 361 1| FH I Bk B4 F1 UP20 1k
BA SR EYIHIEE S Sin, Ap 3 ~ 94
Pa-m ™' (V456 ~565 m-h~"). A] LI F], A 55 LA
RN ER A TR A= Wi U B, 7E I8 Sl 1 He

300 =

Ap/Pa-m’”!
[~
2
(=
|

1000

260 360 460
Sk B M m!
B4 EYHERE Ap ERAKERE VHXRME

Fig. 4 The Ap-V observed across the BTF

WART LUA MUBAE 0 SURE ) A= Yk 8 | T -5 H A e
BB ASAEC Y A 1T U A A Y.

Andreasen 28 & 912 Ap 54 W% UEIE 9 DBM
(dust and biomass , ¥} 2R A A Y =) B IEMHR KR,
DBM (A4 K255 Ap #9K:, H Ap 5 DBM [S4E1EkE!
Y25 B G Fe. 3X— R BRARRE T A= Wi g KA
AT R REAS B i 0 A o S R AR i o M



4590 EZN b}

B 40 %

PEIR A DO YI7E 1 mg- L' LA E K H,S AU
= LAB B AR O 3=, B 5 B T LA Z A 3T R
Ap St o A SR FLBR LB B AE L. 7E AR
Bovh b RO £ A SR 75 TR, R A A K
RZEFYA R IIHL) s Fom LR AR,
Vi uesE oy i E AR AL T T R, R E
Kb, &S AT, R gR A Rl A 1 d B
29.3 mg-L ™" BERK FE55 120 d B 103. 2 mg-L " 1 P4
NS AEE S it e W R 1) ieL /b Wt P
MEERAY & 67.1 rng-[fl mEm T, mERAEY
i HAE R R BURURL A B ek ok 22 o T i
WEAR /N BT B AR 9 R R0 R 3 WL I 3% 7 AR
K. H TR ERB 5 A R S0 45 44 B A A I,
FEER 120 d B, 3 v A g B el e ) SR A A5 B 3 7
RIS LA DRSO i T% , 3T A0
UEHE IS B AR W i Wt /b 7R 585 180 d INFIiti /b 2
60.7 mg-L~". F—4 M1, R 114.2 Pa-m ™ TEILE
96.7 Pa-m . HUF , AR A5 i3 T KA, 42 B vk
PR B ME i 2 K TR RIS 24 S A
B B YIRS % VR 1F i, 252404

d B, FRBE IR IMAERGAE 96.3 Pa-m ™' 1/ 4 V4 &
120 S S 120
o Ap O et
@ PR ¢ ® B bt
I 10.3
100 Z F
I % 25.8 =
5 % K3
g 80 g 5%
%
7 5%
e %
60 b (I =67.1

KR
9.0.’20’920

.

0‘0;

40

MARFEWHE V=207.0 m-h~!
Bl5 4¥iEREEERMENENTL

Fig. 5 Variations in pressure drops and biomass density in the BTF

A1 b Al SRR EME R, g T AR
23 B AR A P 5 ) AR 1, mT LA 2 W i
PORIFRGE BY R | 3 R A Wi DB 85 A A 2 is
Frigft rHvaD.

2.4 TUEMREHE SRR LL

S 7S of A WG DR I ST — i L B AR ) T
YER R , 3 AL X FE R RIS A Tl Ak 1 FH %
MESZIR. A0 LA i A T5 Ve A e, S T
H,S DI YL E 4. e AAO F A5 R )
A )T I BRI 45 R 7S Ak AR e T X B
ARSI T RN, PR R 3 AT, AAO AN TE R AN
A0 T U B TR i 4 i S 13078 A 22012 JF
HI), H7E 35 B 8500 54 0. 998 Al 1. 000, TiF HA il £
FEHI JE 0, T AR A SR A R v 1) B i il )

AAO 475 RIS OTU Ky 460 41, Shannon $8&
BN 4,99, 1 A Wi sEES OTU W A 187 4,
Shannon F8 %04 3. 75. X Ui AH AAO Pl 43757k
FEIE N AE I UEIE I, BEVE AR BT B Y B
{16 Tu 657 [ BFTE A, A 005 pH S 2 7
H,S BRES SO0 MIRREHET I i, RERE 2.

FIEL 6 T S/l ORERR i AAO FIART5 U272
e YL 400 d 5 K ek T Ry AL,
AAO T A/ 75 e ML W BE ¥ P
Comamonq'da:ceaef* ok A j‘:l 2 I AL TR ta J'%' H Hi
8.5% FHEL. 6% Dgchiromonas th 6. 82% F B
<0.5% ; Nitrgspiral 1,6. 57% FFEF] £0.5%. X3
I 2 A KD FAF s S R, S
JESE YL 100 dIEFHIRCH TR EHE.

TE A Wi DB T IR P, B R A 3
W@ & Lactococcus . Geobacillus 1 Bacteroides ,3X 3
A B ] SR AT T3 30 A R AR s S R 2
R R A IEE T, Z2H0A R H,S 1Y f#
FE LM A FRRGE Y SE R, B AN Thiobacillus , H:
IR 25 50 CO, VM EMEA BT H) HCO, $E4IE.
SRMTEA T |, BV SR h R P ALAs IR, A=
Yriti e N E DI R IR AR AT £ AP E S K
TSR DAL X UL AHA% B SR TR BR H,S AR ]
A AEAESE oAt VOC. 53 41, A= Wi g 38 K U % 19
HE AR Ry — S IR A8 M R S i A ARt T A A 2
(), XA R 1 A Wi DB 3 N A 43 DR A R LA W Y
. AW HEENREDMBED LRHT
Pseudomonas™>™*  ( 4.2% ),  Thiobacillus""®***"
(1.2% ) I Xanthomonadoles'™*' (0.5% ) B J& , b 4]
BIRuEI T LIS 5 H,S FEff. X SE T Y B IR &
£ R T AR T RIS R BR AT 4 R

R3 BHEFEMHRSHHE

Table 3  Richness and diversity of the microbial community

R 520

0. 97 LB

OTU ACE #5%% Chao 5%k B Shannon 5 %% Simpson i 4
AAO P45 TR 13078 460 467 472 0.998 4.99 0.0167
A e 22012 187 187 187 1. 000 3.75 0.064 6




10 441 PN LA . RN AR DT IR 25 R S BR T BS 7K ) i A S AR B A W R o i 4591
100
I others | Leuconostoc
B Subgroup 6 norank B Dokdonella
B Thermomonas [0 Anoxybacillus
Nitrosomonadaceae_uncultured || Pseudobutyrivibrio
B vadinHAI7 norank B Phenylobacterium
B Sphingobacteriales_unclassified Acinetobacter
=4 B Bacteroidetes _unclassified I Biautia
B Denitratisoma B Halomonas
Bl Candidatus Accumulibacter | Phascolarctobacterium
B /VCHBI-69 norank 0 Clostridium sensu_stricto |
— B A quabacterium I Carnobacterium
=== B 5/4-28 norank B Bacillus
=} =
— B Leptothrix I istipes
60 — [ Xanthomonadales uncultured I Bifidobacterium
A EBYVYe——x1 Il OPB56_norank B Faccalibacterium
g\ﬂ e I NS9_marine_group_norank B Encerococcus
b B Cyiophagaceae uncultured B Saccharibacteria_norank
= I Ferruginibacter B Thiobacillus
s I Thauera Il Farabacteroides
B Candidatus_Nitrotoga B Arenimonas
40 I Nannocystis Turicibacter
B Flavobacterium Moheibacter
B Run-SP154_norank B Streprococeus
Eljl__'.__-ﬂ B Ferribacterium I Pseudomonas
B Chitinophagaceae uncultured B Ortowia
_ B Anaerolineaceae uncultured B Sphingomonas
5 B :1v.0PS 17 norank B Bacteroides
= Il Hydrogenophilaceae uncultured [ Geobacillus
B Saprospiraceae_uncultured B Lactococcus
I Crocinitomix
Bl Vitrosomonas
Nitrospira
B Dechioromonas
0 B Comamonadaceae_unclassified
AAOFAK 5 LR -
s ry Fd I I ¥ 3 g T H‘/j
- ! ‘_,,;f,/ ,.n Jjé:f/ SIS RAR(B) / \ / \ ’”’ ,.-v’
| | e .I Fig. 6 Taxnn‘nmlchc(??{ s1non of pﬁ;ucroblal community, (‘:trutgre at the MS level
I I [ | f & rf-‘l‘:‘
& J .
u ﬂﬂ%ﬁﬂoﬁémﬁﬁwﬁwﬂﬁﬁ.; R A L wﬁugﬁwﬂiﬁmwow>
2329-2334. &

Hsm

AN T4 VAR RS 2 A g 1
JERIAT Y, 33X 0 R AR B Tl A B A T T Y
L.

3 g

() FZETAVARR FHARRRZS | JCali B 15 37 1 41
T, LL AAO A5 I8 A Rl R 4 A i k35 T L ik
RO EA H,S FEREE AR EE, DL A 9 d.
TR PR TE A2 2 AT, L 2 Bk B E R 9 A v
CIEDECEAE A=

(2) Y PR MR B 1 W, S B fr o, S 80
VI IE S S Yl 2 AR AT E I R R T A
AAO FT516 , PHEEIEA W pH 2 8.5 (k] LA
SEPPRE K S, B Tl AR A R e i

(3) LAZR N Jis 50 A SEURL 6 25 0 10k 0 3, K 0
BIBAT ] DAAERE e BE AR 2 7E 96 Parm ™' A RUkE
B Tl AR I FH Hr PR A 0 i R e ol R ) 2 B
fufer TR ISR 2 A 45 ] L.

B k.
[1] AR, ek, XUGHT, 45 WIS K JE B AR BT S

S 9y 11 2 A A BRI
é%iﬂ&ﬁHSEéi%%ﬁ#ﬁﬁ

[2]

[e6]

Lin J, Li L, Liu J X,

compounds emission from main processing units of wastewater

et al. Odors and volatile organic

treatment plant [ J ]. Chinese Journal of Environmental
Engineering, 2016, 10(5) : 2329-2334.

Gostelow P, Parsons S A. Sewage treatment works odour
measurement[ J |. Water Science & Technology, 2000, 41(6) .
33-40.

ZEHEAR ) BURTET, BN, SF. AW IE M XF BTEX 19 KBk
KARNANBEREE AT [ 7], BRERL S, 2013, 34(7) : 2552-
2559.

LiJJ, Liao D Q, Xu M Y,
biotrickling filter
communities[ J]. Environmental Science, 2013, 34(7) : 2552-
2559.

X, FTERAL, FeIRF, A5, WIS IE 25 SRR AL U R I A s
RATRAURL)]. hEFEERE, 2003, 23(6) : 618-621.
Liu B, Jiang A X, Cheng Y X, et al. Removal of mixed H,S-MT
China

et al. Removal of BTEX by a

and analysis of corresponding bacterial

stench by trickled-bed biofilters connected in series[ J].
Environmental Science, 2003, 23(6) ; 618-621.
MR, ERME, R, S Yl S R S
MISERRATSE[T]. HEEREE, 2002, 23(4) : 8-12.

Chen J] M, Wang J D, Zhuang L,
dichloromethane waste gas in a biotrickling filter [ J ].
Environmental Science, 2002, 23(4); 8-12.

Fernandez M, Ramirez M, Pérez R M, et al. Hydrogen sulphide

et al. Purification of

removal from biogas by an anoxic biotrickling filter packed with
Pall rings[ J]. Chemical Engineering Journal, 2013, 225; 456-
463.



4592 ®

2 40 %

(7]

[8]

(9]

[10]

[11]

[12]

[13],

'3

Ramirez M, Gomez J] M, Aroca G,
sulfide by immobilized Thiobacillus thioparus in a biotrickling
filter packed with polyurethane foam [ J ].
Technology, 2009, 100(21) ; 4989-4995.

Hernéandez J, Lafuente J, Prado 6 J, et al. Simultaneous removal

et al. Removal of hydrogen

Bioresource

of H,S, NH;, and ethyl mercaptan in biotrickling filters packed

impact of pH during
Water, Air, & Soil

with poplar wood and polyurethane foam:
startup and crossed effects evaluation[ J].
Pollution, 2012, 223(6) : 3485-3497.
JET, TEAE, WUEYE. S U b A AR LS
WHoE[]. B, 2000, 21(1) ; 45-48.

Qiang N, Ji X L, Gu G W. Experimental evaluation of the
packing media for biotrickling filters [ J .
Science, 2000, 21(1) ; 45-48.

Kim J H, Rene E R, Park H S. Biological oxidation of hydrogen
sulfide under steady and transient state conditions in an
immobilized cell biofilter[ J]. Bioresource Technology, 2008, 99
(3): 583-588.

San-Valero P, Gabaldon C, Penya-Roja J, et al. Study of mass
oxygen transfer in a biotrickling filter for air pollution control[ J].
Procedia Engineering, 2012, 42. 1726-1730.
Arellano-Garcia L, Dorado A D, Morales-GuadarramarA;

Modeling the effects of biomass accumulation on the perférmance

Environmental

et al.

of a biotrickling filter packed with PUF support for the alkaline
biotreatment of dimethyl disulfide vapors/in' air [ J ] " Applied
Microbiology and, Biotechnology, 2015, 99(1) : 97- 107 r e

~Vikromvarasiri® N Pisutpaisal N. Hydrogen sulﬁdé Iemﬁval =
bwtrl(khng ﬁheﬂ system by Halothiobacillus' neapt:!ﬂinw‘ff J
: Intematlonal"’]ournal of Hydrogen EnéTgy,-‘ZOlG 41 (_35 LL

15682-15687. |

[141 Chouarl R, Dardouri W, Sallami F, et al. Mlcrobldl ana‘ysm and

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Pffi(’l'en(‘y of bigfiltration packing systems for 'hydrngen. %ulflde

i renfoval from, wastewater-off gas[J]. Envwonmema] Epglne@mﬂg :
o i ¥ - :‘.-HI-F

{ Science, 2015, 32(2) :

121-128. I

Zhﬁ.ﬁg L, Kuniyoshi I, Hirai M, et al. Oxidation of dimethyl
sulfide by Pseudomonas acidovorans DMR- 11 isolated from peat

biofilter[ J]. 1991, 13(3) : 223-228.
Dumont E, Woudberg S, Van Jaarsveld J. Assessment of porosity

Biotechnology Letters,

and biofilm thickness in packed beds using porous media models
[J]. Powder Technology, 2016, 303 . 76-89.

Vikrant K, Kailasa S K, Tsang D C W,
hydrogen sulfide: trends and challenges[ J]. Journal of Cleaner
Production, 2018, 187 131-147.

Gabriel D, Deshusses M A. Retrofitting existing chemical

et al. Biofiltration of

scrubbers to biotrickling filters for H,S emission control [ J].
Proceedings of the National Academy of Sciences of the United
States of America, 2003, 100(11) ; 6308-6312.

Weber F J, Hartmans S. Prevention of clogging in a biological
trickle-bed reactor removing toluene from contaminated air[ J].
Biotechnology and Bioengineering, 1996, 50(1) : 91-97.

Yang C P, Chen H, Zeng G M, et al. Biomass accumulation and
strategies biofiltration [ J ].
Advances, 2010, 28(4) : 531-540.
Andreasen R R, Nicolai R E, Poulsen T G.

biofilters as related to dust and biomass accumulation [ J].

control in gas Biotechnology

Pressure drop in

Journal of Chemical Technology and Biotechnology, 2012, 87
(6) : 806-816.

gkAR, AR BRI, AF. SRR A TR R e
IR SMBFE]. IR, 2007, 28(8) : 1866- 1872.
Zhang S J, LiJ, Li Y L, et al. Removal of toluene waste gas by

Pseudomonas putida with a bio-trickling filter[ J]. Environmental

(28]

[31]

[32]

[33]

[34]

[36]

[37]

[38]

Science, 2007, 28(8) ; 1866- 1872.
Cox H H J, Deshusses M A. Biomass control in waste air
biotrickling filters by protozoan predation[ J]. Biotechnology and
Bioengineering, 1999, 62(2) ; 216-224.
Farmer R W, Chen J S, Kopchynski D M,
switching: proposed biomass control strategy for the biofiltration
process| A ]. In; Hinchee R E, Sayles G D, Skeen R S
( Eds. ). Biological Unit Waste
Treatment| M |. Columbus, Ohio, United States: Battelle Press,
1995. 243-248.

WonY S, Lee TJ, WuY P G,

friendly method for controlling biomass in biotrickling filters for

et al. Reactor

Processes for Hazardous

et al. An environmentally
air pollution control [ J]. Journal of Industrial and Engineering
Chemistry, 2004, 10(1) : 60-65.

Yang Y H, Allen E R. Biofiltration control of hydrogen sulfide
2. Kinetics, biofilter performance, and maintenance[ J]. Air &
Waste, 1994, 44(11) . 1315-1321.
Zhang M, Yang Q, Zhang ] H,

denitrifying phosphorus removal and microbial L()mmunity of long-

et al. Enhancement of
term operation in an_anaerobic anoxic oxic- bmlegl(‘al contact
oxidation system[ J].! Journal of Bioscience and Bpé?lglneerlng,
2016, 122(4) ; 456-466. -

W, EAE, B, % A AAO- Fu%ﬁﬁi__}@]ﬁﬁﬁ%(
R RS 2h i *mJ'_a L2741, 20157 66010) . 4228
4235. | i
Zhang Y, Wang S Y; Zhao W H, et al. Startzup of pL],ot scale
AAO- hAF Iwos sludge syalem FJ 1. CIESC Journal, ZQFS , 66
(10):4298-4235. < _ B
Eaton A D. Standard method% for the examlnatlon of water" '&
wasleWaterjElet ed. )[lM Washington DC, USA Amencan
Public Health Association, 2005. 7

Rene ER, Estefania Lopez M, Veiga M C,

transient-state operation of a two-stage bioreactor for the treatment

‘.-

et al. Steady- and
of a gaseous mixture of hydrogen sulphide, methanol and o-
pinene[ J]. Journal of Chemical Technology and Biotechnology,
2010, 85(3) : 336-348.

Barona A, Elfas A, Arias R, et al. Biofilter response to gradual
and sudden variations in operating conditions[ J]. Biochemical
Engineering Journal, 2004, 22(1) . 25-31.

Tu X, GuoJ, Yang Y G, et al. Biofilms formed within the acidic
and the neutral biotrickling filters for treating H,S-containing
waste gases [ J ]. RSC Advances, 2017, 7 (41). 25475-
25482.

Mudliar S, Giri B, Padoley K, et al. Bioreactors for treatment of
VOCs and odours - a review [ J]. Journal of Environmental
Management, 2010, 91(5) : 1039- 1054.

Yang Y H, Allen E R. Biofiltration control of hydrogen sulfide
1. Design and operational parameters[ J]. Air & Waste, 1994,
44(7) : 863-868.

Dumont E, Andres Y, Le Cloirec P,
packing material for H,S removed by biofiltration [ J ].
Biochemical Engineering Journal, 2008, 42(2) . 120-127.

Ben Jaber M, Couvert A, Amrane A, et al. Biofiltration of high

et al. Evaluation of a new

concentration of H,S in waste air under extreme acidic conditions
[J]. New Biotechnology, 2016, 33(1) : 136- 143.
Annachhatre A P, Suktrakoolvait S. Biological sulfide oxidation
in a fluidized bed reactor| J].
22(6): 661-672.
Morgan-Sagastume F, Sleep B E, Allen D G. Effects of biomass
growth on gas pressure drop in biofilters [ J ].

127(5) . 388-396.

Environmental Technology, 2001 ,

Journal of

Environmental Engineering, 2001,



10 #4 PN ST RN AR YT DB I 25 BRSEBR T B5 K ) B AL S RE e Bl A= WA v o i 4593
[39] Schloss P D, Gevers D, Westcott S L. Reducing the effects of (2nd ed. ) [M]. New York: Springer-Verlag Inc., 2005. 240-
PCR amplification and sequencing artifacts on 16S rRNA-based 243.
studies[ J]. PLoS One, 2011, 6(12) : ¢27310. [43] Chung Y C, Lin Y'Y, Tseng C P. Removal of high concentration
[40] TuX, LiJ]J, Feng R F, et al. Comparison of removal behavior of NH; and coexistent H,S by biological activated carbon (BAC)
of two biotrickling filters under transient condition and effect of biotrickling filter[ J]. Bioresource Technology, 2005, 96 (16) .
pH on the bacterial communities[ J]. PLoS One, 2016, 11(5) : 1812-1820.
€0155593. [44] Oyarziin P, Arancibia F, Canales C, et al. Biofiltration of high
[41] Khan ST, Horiba Y, Yamamoto M, et al. Members of the family concentration of hydrogen sulphide using Thiobacillus thioparus
Comamonadaceae as primary poly ( 3-hydroxybutyrate-co- 3- [J]. Process Biochemistry, 2003, 39(2) : 165-170.
hydroxyvalerate ) -degrading denitrifiers in activated sludge as [45] Toth G, Nemestothy N, Bélafi-Baks K, et al. Degradation of
revealed by a polyphasic approach [ J ]. Applied and hydrogen sulfide by immobilized Thiobacillus thioparus in
Environmental Microbiology, 2002, 68(7) : 3206-3214. continuous biotrickling reactor fed with synthetic gas mixture[ J].
[42] Garrity G, Brenner D J, Krieg N R, et al. Bergey’s manual of International Biodeterioration & Biodegradation, 2015, 105,

systematic bacteriology: volume two: the proteobacteria ( part C)

185-191.

R (RBIRLE) Sk

(M) B EH RSN RS )

o

2018 4E 11 A 1 H, hEEH IS XS4 ?‘&k%ﬁ/ﬁ”jha 217, zﬂx/\?ﬁT“EﬁFqﬂlm
17 YRR A E S 2 AR T R “E‘ﬁhﬂ!ﬂ[ﬂ,mtﬂ AT ”ﬂ%ﬁ;ﬂlﬂﬂﬂ
TAAR TR GV R R RV ﬁ%%%ﬂﬁﬁu%ﬂz’%l%mf ﬂ[ﬁlljF %
SCHkH 2 a*:rl_ﬁéﬁfrﬁj\ﬁ XT%@FJ% ﬂl_ﬁ'ﬂ:tt,,\ﬁm %gwfw}m ﬁﬁ:lﬂ&ﬁ/\w)\ I H Z- I
oA AL S N /

M?‘i%%%ﬂ” 3%

W 5] S H:ff%/\




HUANJING KEXUE Vol.40  No. 10

Environmental Science (monthly) Oct. 15, 2019

CONTENTS

Vertical Distribution and Transport of PM, 5 During Heavy Pollution Events in the Jing-Jin-Ji Reglon «-+resseereereeremenenesicnneninncnnenens XIAO Zhi-mei, XU Hong, LI Peng, et al. (4303
*+ CHANG Shu-cheng, LIAO Cheng-hao, ZENG Wu-tao, et al. (4310
Diurnal Variations and Source Analysis of Water-soluble Compounds in PM, 5 During the Winter in Liaocheng City «-+«+ssseresresereeee YI Ya-nan, HOU Zhan-fang, MENG Jing-jing, et al. (4319
Emission Characteristics of Exhaust PM and Its Carbonaceous Components from China Il to China IV Diesel Vehicles in Shenyang *+* ZHAO Xue-yan, WANG Jing, ZHU Sheng-nan, et al. (4330
Characteristics of Heavy Metal Pollutants of PM, s from Open Burning of Municipal Solid Waste (MSW) and the Associated Exposure Health Risks — «+reeereerererrenesnsennesinncninnnnens

CHENG Ke, JI Wan-wan, HAO Wei-wei, et al. (4337)

Source Apportionment of Air Pollutants for a Typical Pollution Event in Zhaoging

)
)
)
)

Size Distribution Characteristics and Inhalation Exposure of Particle-Bound PAHs in an Industrial City ~ +++++ JANG Juan, GUO Guan-lin, QIN Ning, et al. (4345)
High-frequency Evolution of Urban Atmospheric Ammonia and Ammonium and Its Gas-to-Particle Conversion Mechanism in Nanjing Cily = ++eseereeseeesesereresiemienenennininsininenes
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" SHAOQ Sheng-cheng, CHANG Yun-hua, CAO Fang, et al. (4355)
Optical Absorption Properties of Brown Carbon Aerosols in Guangzhou ««++:+-xesessssesssssssssntnsisiiniiii i LI Zhu-jie, TAN Hao-bo, ZHENG Jun (4364 )
Characteristics and Source Apportionment of Ambient VOCs in Spring in Zhengzhou «+:+«+sssessessessssssssnnmninsnnnneens ZHANG Yi-xiang, YIN Sha-sha, YUAN Ming-hao, et al. (4372)
Raw Materials and End Treatment-hased Emission Factors for Volatile Organic Compounds (VOCs) from Typical Solvent Use Sources
......................................................................................................................................................... LIANG Xiao-ming, CHEN Lai-guo, SUN Xi-bo, et al. (4382)
Source Profiles of Volatile Organic Compounds ( VOCs) from Typical Solvent-based Industries in Befjing ++s+esesseeressereresnmnnisninnnnns FANG Li, LIU Wen-wen, CHEN Dan-ni, et al. (4395)
Emission Characteristics of IVOCs from the Combustion of Residential Solid Fuels and the Impact of Burning Temperature —«++xesseeesessesneeeens LU Ya-jing, FENG Yan-li, QIAN Zhe, et al. (4404)
Evaluation of MACC Reanalysis Ozone Data over China Using Ground-based and AIRS Satellite Observations —«++«+sssseseereeeees WANG Run-fang, MA Xiao-dan, ZHAO Tian-liang, et al. (4412)
Hydrolysis of COS over MgAl Mixed Oxides Derived from Hydrotalcites WEI Zheng, ZHANG Xin, ZHANG Feng-lian, et al. (4423)
Chemical Characteristics and Tonic Sources of Precipitation in the Source Region of the Yangtze River —«-:eoveveesesesrenseenennnnen WANG Shao-yong, HE Xiao-bo, WU Jing-kui, et al. (4431)
Effects of Continuous Extreme Rainfall on Water Quality of the Dongjiang River Basin »«++++sseeesereresvernieneneniininis CHE Rui, LIN Shu, FAN Zhong-ya, et al. (4440)
Correlation Analysis of Water Quality Between Lake Inflow and Outflow; A Case Study of Poyang Lake ««+:tsseeeeereerenveencreneeees HUANG Dong-ling, NI Zhao-kui, ZHAO Shuang, et al. (4450)
Spatio-temporal Distribution Characteristics of the Water Quality in the Jinze Reservoir and Its Inflow -+ LIU Ming-kun, TONG Jun, HU Bo, et al. (4461)
Temporal and Spatial Variations in the Conductivity in Different Media in Taihu Lake, China +++ WANG Rui, DAI Dan, ZHANG Chi, et al. (4469)
Uncertainty and Sensitivity Analysis of Phosphorus Model Parameters in Large Shallow Lakes SHI Yuan-yuan, LI Yi-ping, CHENG Yue, et al. (4478)
Spatio-temporal Variations in Aquatic Vegetation Cover and the Potential Influencing Factors in Lake Hongze Based on MODIS Images -++:+++++++++- LI Na, SHI Kun, ZHANG Yun-lin, et al. (4487)
Distribution and Pollution Assessment of Nutrients in the Surface Sediments of a Macrophyte-Dominated Zone in Lake Taihu ~ +++++eoee-: ZHANG Jie, WANG Yuan-sheng, GUO Xi-ya, et al. (4497)
Composition and Distribution of Biodegradable Compounds in the Macrophyte Dominated Zone of Lake Taihu «+vesesseesesresesreerenneeens QI Chuang, FANG Jia-qi, ZHANG Li-min, et al. (4505)
Temporal and Spatial Variation of Zooplankton Community Structure and Its Relationship with Environmental Factors in Dianshan Lake, Shanghai -+ DU Cai-li, YANG Li, ZHAO Yi, et al. (4513)
Geochemical Characteristics and Ecological Significance of Carbon Isotopes in Groundwater Under the Influence of Different Land Use Types in Karst Areas «+:«+eeseereereeresenessenenenennanens
..................................................................................................................................................................... REN Kun, PAN Xiao-dong, ZENG Jie, et al. (4523)
Temporal Response of Subterranean Karst Stream Hydrochemistry to Urbanization «««++«+sssssssessessesessensensesssnnsnsinninssssns YANG Ying-zeng, HE Shou-yang, WU Pan, et al. (4532)
Hydrochemical Characteristics of Karst Groundwater in the Mountains of Northern Bazhong City, China TANG Jin-ping, ZHANG Qiang, HU Yang, et al. (4543)
Removal of Fe( 1), Mn( I ), and NH,"-N by Using 8-Mn0, Coated Zeolite - MA Wen-jie, CHEN Tian-hu, CHEN Dong, et al. (4553)
Strengthening Effect of Different Cattail Pretreatment Methods on the Denitrification of Horizontal Subsurface Flow in a Constructed Wetland ««+-se-eeeeeerereresiemeneneininininninennnn
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" XIONG Jia-qing, LU Xue-bin, ZHENG Yu-cong, et al. (4562)
Short-cut Nitrification Start-up and Optimization of Operating Conditions Under Different Control Strategies «+++«+sxsssseesesvsnsesenseinsienens LIU An-di, ZHAO Kai-liang, LIU Hong, et al. (4569)
Start-up of a Three-stage PN/A Granular Sludge Reactor for Treating Wastewater with High Concentrations of Ammonia «+«+++xsssseeseeseeseree JI Xiao-qing, QI Ze-kun, QIAN Fei-yue, et al. (4578)
Removal of Hydrogen Sulfide Produced in a Municipal WWTP Using a Biotrickling Filter with Polypropylene Rings as the Packing Material and Microbial Community Analysis -
.................................................................................................................................................................. SUN Shi-hao, JIA Ti-pei, CHEN Kai-gi, et al. (4585)
Characteristics and Influencing Factors of Polycyclic Aromatic Hydrocarbons in Surface Soils from Typical Industrial Areas of Chengdu ++«+xeseereereeresemenenememeneninniniiinine
............................................................................................................................................................ RAN Zong-xin, CHEN Jin-yu, WANG Ya-ting, et al. (4594)
"""""""""""" HE Ming-jing, YANG Zhi-hao, WEI Shi-giang (4604 )
BU Shuai-hin, MENG Zhao-fu, Sambath Yek, et al. (4611)
Concentration Characteristics, Source Analysis, and Potential Ecological Risk Assessment of Heavy Metals in a Peak-cluster Depression Area, Southeast of Yunnan Province «+-++sessesveeeeess
.................................................................................................................................................................. HONG Tao, KONG Xiang-sheng, YUE Xiang-fei (4620
Cd Accumulation and Risk Assessment for Arable Soils in the Karst Region of Northern Luodian, Guizhou ««+«+essereerseesererenseienennens TANG Qi-lin, LIU Xiu-ming, LIU Fang, et al. (4628)
Safe Utilization of Paddy Soils Lightly Polluted with Cadmium in Western Chongqing LI Na, HE Hong-zhou, FENG Ai-xuan, et al. (4637)
Accumulation of Cd in Different Crops and Screening of Low-Cd Accumulation Cultivars CHEN Xiao-hua, SHEN Gen-xiang, BAI Yu-jie, et al. (4647)
Absorption and Transportation of Selenium Nanoparticles in Wheat and Rice WANG Ya-qi, ZHU Li-na, LI Kui, et al. (4654)
Effects of Microplastics on the Growth, Physiology, and Biochemical Characteristics of Wheat ( Triticum aestivum) «+-++++=«ssseseeeeeseseees LIAO Yuan-chen, Nazygul:Jahithek, LI Mei, et al. (4661 )
Regulation and Mechanism of a Dregs Biochar Matrix Combined with Maifanite on a Soil-Ryegrass System :+:eseseeeeresesssssnsnsinnnis XIAO Liang-liang, DING Yuan (4668 )
Microbial Community Structure and the Distribution of Antibiotic Resistance Genes in Soil Contaminated by Sulfamethoxazole -+ ZHANG Hai-feng, SHI Ming-ming, SUN Yan-mei, et al. (4678)
Dynamics of Antibiotic Resistance Genes During the Municipal Solid Waste Leachate Treatment «+:++:esseeveeeeesesersnnsiiiisinsnn HUANG Fu-yi, ZHOU Shu-yi-dan, YAN Yi-jun, et al. (4685)
Effects of Manure Application Rates on the Soil Carbon Fractions and Aggregate Stability «+«+«+ssseessesrersessssnmimminsinnitsee SHAO Hui-yun, LI Zi-yue, LIU Dan, et al. (4691 )
Effects of Irrigation and Biochar Application on the Respiratory Temperature Sensitivity of Paddy Soil +«+eseeeereseserssennsieniniiinnns ZHOU Peng, QI Le, NIU Hai-dong, et al. (4700 )
Response of Soil CO, Emissions to Straw-returning in Citrus/Mushroom Intercropping Systems ««+«+s+ssrsseerrersrssrsernesnnnnennesnnieens YOU Jing, NI Jiu-pai, HUANG Rong, et al. (4708)
Effects of Warming and Straw Application on Soil Microbial Biomass Carbon and Nitrogen and Bacterial Community Structure —++++++++ ZHANG Ting-ting, CHEN Shu-tao, WANG Jun, et al. (4718)
Simulated Ozone Damage on Gross Primary Productivity (GPP) in a Winter Wheat Field »«+«+svsseseereeveesenenenninenennincnens XU Jing-xin, ZHENG You-fei, WANG Sheng, et al. (4725)
Spatial and Temporal Variations in Fertilizer Use Across Prefecture-level Cities in China from 2000 to 2015 +eeseereereeeseserenseieneniens PAN Xiao-dong, LI Pin, FENG Zhao-zhong, et al. (4733)



	单独封面
	单独封面10
	zml


