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Microbial Structure of an Enhanced Two-phase High-solid Anaerobic Digestion

System Treating Sludge

CAO Zhi-ping', WU Jing'*, ZUO Jian-e', WANG Xiao-lu', WANG Chong', WANG Guang-qi'*, WANG Kai-
jun', QIAN Yi'

(1. State Key Joint Laboratory of Environment Simulation and Pollution Control, School of Environment, Tsinghua University, Beijing
100084, China; 2. China Northwest Architecture Design and Research Institute Co. , Ltd. , Xi’an 710018, China)

Abstract ;. High-solid anaerobic digestion (HSAD) of sludge has several advantages like smaller reactor, lower energy consumption and
less digestate. However, the understanding about the mechanism especially the microbial mechanism is still limited. In this study,
microbial communities of a pilot-scale sludge HSAD system at steady state were investigated with 16S rRNAclone library technology.
The system employed an enhanced two-phase anaerobic digestion process, i. e. *hyperthermophilic acidogenesis (70°C, 3 d) -
thermophilic methanogenesis (55°C, 12.5 d) ’to treat waste activated sludge with a solid content of about 9% . The volatile solid
(VS) removal rate was 35.7% and methane yield (CH,/VS, . ..) was0.648 m’ -kg™'. The bacterial compositions of the two phases
were significantly different: there were plenty of proteolytic bacteria in hyperthermophilic acidogenesis phase; and the bacteria
degrading polysaccharides like cellulose and the bacteria utilizing long-chain fatty acids were found in thermophilic methanogenesis
phase; some bacteria degrading simple saccharides existed in both phases. In both phases, the dominant archaea were
Methanothermobacter. Especially, 100% of the retrieved archaea in the thermophilic methanogenesis phase belonged to genus
Methanothermobacter. This indicated that hydrogenotrophic methanogenesis was the predominant methanogenesis pathway in this system
since methane was only detected in the methanogenesis phase.

Key words: waste activated sludge; high-solid anaerobic digestion; two-phase anaerobic digestion; microbial community;

hydrogenotrophic methanogenesis

BERTSRHERCRA A | AR BRAARTE FLATRBRAE 0 5 A RHEAE AL LAY YT e, L O
UM FRETS IR R, E 2015 R

4K, TR ER TS K AR A B LA B 507.7 x 10°, b DG AL — T 32 975 e Ak 3 AR
HUR K 91.0% . MR L, 2015 AET5 VR ( Sk BEMESCEITS IR MR E AL | MR AL, BEARTS Uy TR
80% ) 7=/ B I3 500 x 10° 1, JE BN, %1 2020 4F WU, IR A T 42 HLAIAS (L 17 5 B
TG RAFE 7 A K 5 5106 000 x 10* ~ 9000 x 10* . WCREHR: 2016-11-07; 1ETE88: 2016-12-17

JEIRY ¥ ; - ; - HEWH: MK AKXM¥ELELSTHE (91334112, 51611130119,
UGS T 15K %) 30% ~50% 1) COD ., 30% siesss)

45% IR 90% ZEAT M, LA e — S G i Je i 4 AEEMA: WP (1984 ) fo Wb WRS B BF S r 6 15
JRETH AL , E-mail ; caozhiping2011@ 163. com

E%L” . ﬁﬂ%ﬂié’éﬁiﬁ E‘Jﬁiﬂﬁﬁ , %%lﬁﬁi , 7;:77}@ # JAFMEA , E-mail : wu_jing@ tsinghua. edu. cn



2060 AN 5%

Bt 2% 38 &

A R D). R SE R g RAETE AR 5 e ik 2
50% A" SR V5 U0 DR S Al A TR T A R A
oA BRI BT AY R DR 24 9K S 2 0 Y, Bk
HARRTE AL5015 e IR A A HERHS R — iy
2% ~5% ,FETEF SRR, LB IA TR | %
L IARBEFRE = | T R R AR, A — o R
R T R T I A TR R
RILEE 8% ~20% , WK A 15 e P A HL T vk B 1
I, R AL B 5 Ye AR AR, ) ok bR BR TS e fg
SRR R A T 1 T AT
T R 2 A Ay i [T DR SR T A f e R [ I K S
Ve Ab PR A 17 B B R AR, HA BT FH 5

s ERAEE AT &5 R E. 2R
Fb 775 10 {1 I R g T DR A Ak, S5 S S Bl A
R (L 2% ~15% ) BRI, VS BB HH Le =
RAEIEARM G FRAG, 52 N7 (9 A BERE 1 A BUA R
PRI AR R 2 K R Y A [ AR 45
BAHF[H] ( solid retention time, SRT) , M VS 2= R Al
PRI AT BT

FEARAL 15 U v R S0 Ak P e O e, A LA
BT SRTUIO R R AR A S 4y
MIT PO 4R VS LB A= SR E A
A&, IR B R G A OC R B T A
SEJR. e MR AN R 0 DR AT A 4 Sk R
FAUIHAE (35°C) M IRIR A TH AL (55°C) . PiE M,
1o TR DR AR A 1 2 o i e B vy A Ak B oy [ R
PR AT BEARAS B BT A R (H AT e i
o A SR R DT I A A AR T AR T2
REA% (T DR AU A 0 7 K26 32 D0 s A= 4, BV ™= 8 T
FEHBER 4 ATE BRI A T AR PR ik
AR E NI 3RS RGBT TR bR K R
PR RE A T 2 180 21 70°C R v TR, D ml s — 2B i 4k
K 5k B T T AL LR D T R SR B £ %
PR O R P AR R A R B R
10% (15 %4t 70°CHRfE 4 d J5 , B k1T 55CIR&
THAL 16 d, S5AH[FV5 U6 B 42 55°C IR IH 1k 20 d AH
b, VS RBRRIE S 15% , Fhe =R 52 1/3. Liao
U IR R T R E A 15% RYI5 R, 70°C
KA 30 min, fE fF H IR S0 1 098 A R iR
11% ; 2R BN K g5 e il Ak 15 d B9 B ™ 3 Rk
fif 5 P N FF 2L 22 d.

Bl e B R AT AL R 20, B B R X S T8
o T DR A0 Ak 0 AR P BIL D R TR A S, Liu
IR AR 7R A g IR IR ETE AR R, MR

[N 10% BN E 19% I, 40 & BEE S RE TR 1] U5
A SURFER T T3 2 5l TRV TP R R T B T
P/ T AU R B R L SR A B B 2. I
M5 B 43 a IR pHL R 4R R A A U B B R
BRI A, 5 T IR R R 15% 1 iRTs
U6 1 [T DR ARC T A S5 R 4 A 3 W A I 0 1 1 e e B
A Y BEE AR AL, B9 e B — BB A S AR 1 T2
R AN B 25 32 B R ), ] 32 2 4 7 H e IR R
BeNBERTE. FREASE BF o R0, PAH i 5 0
IREIH AR G b B A W B T 45 40 10 2 AN W), e
Y45 coD | TS M1 VS B E M. RETH it 72
=B A (7S AN A R S IR w45 T 22 s o
Sreg . A . SRT, AlfmdE. HErc HaE s
SEIR AN JE LA R G4 78 5 8 i [ R S AL B i =
BLL. R, ARAF 9T R FH M = R Ak (70°C) -5 Tl
e (55C) " stk A .25, 847 7 — ik
T Ue s R AEIH AL R GE, IF A 16S tRNA e SC
FEFEARMIR TZ R Giha 2 BT I UE e s, L
W1 22 b NP5 U R [ IR S AR i S AL .

1 HRETE

1.1 i

IR IRIGERLE 2 9 S H . R BsR AL AR A
HAETE N B R -mE T e (B 1),
A SN 258 LB 0 0.24 m® T m?,
SN I S 9K (70 1) °CFI(55 £1) °C, SRT 435
3 d A 1205 . BAH SN g AR AR T A %
SEREFER AL REOR WD R G R ORI ALY A bR
. fisfritia)#at 50 d (2 4~ ECSRT K31d) Jq,
FHRHERAA MY R R RRET IR E, RE R ER
SEIBATB B, BB A TR R A e AR A5G 43 #T

2% S USRS

Fig. 1 Process flow chart

1.2 el

e T FRGE AR B R e 2R B — A2 7 RS i
SRR AL 2%, SS FIl VSS 439 4y 29. 8 g-L~" Al
17.0 g-L~". FFEIRGS BERL 04 S5 e Sy 1 7K F0 4% 16 1



54 BT SR PTANTS U i 1 PR ST AL R G A M i v 2061

VU8 B T — A5 K AR B TR YR R
H8.75% +0.78% , A7 HLBT & & (VS/ R EK) Ky
65.0% +3.02% .

L3 ik

A B AE S I e & B K TR
S TR ZL A F e A I 28 . TS U RE Y
pH JH pH 3l &, & [& 56 F1 VS i ik
X F 8 i P 1k 22 75 0 = (soluble chemical oxygen
demand, SCOD) . &2 %, (total ammonia nitrogen,
TAN) FILEBE (total alkalinity, TALK ) 2524 il
V5 IRRE E SE45 000 remin ' B0 10 min, ARG
FIEWHT 0. 45 wm BB 0K, s AR Y IEOE T
JE—2L 3. SCOD FH R M A -3 66 FE i, TALK
SR VR PP 1 2t - FP B Z1 9875 00T )2 125, TAN SR 90 1R
i F 4rO o EEPY . B & (free ammonia
nitrogen, FAN) #24}i Hansen a2l gy N AR
1.4 GREYIREE AT

TERGERG € AT, DR B oz % v 45 BCie
500 mL VR AJJFH 500 WL, FHBERR 2 iR vE 3 WK, B
UBETR % PR 48 B8 0 254, T TR 5 YR BR AR AF T
-80°C HLF4ZHX DNA. #£ A5 DNA J Fast DNA
SPIN Kit for Soil ( MP Bio-medicals, LLC, USA) #&
Y. A AN T 9168 rRNA KL ] Wang 251 17
AT PCR 33, 40 B A 18 04 51 9 53 3 ol 63F/
1387R F1 109F/915R. PCR ;=% F QIA quick PCR
purification kit ( Takara Corp. , Japan) 4lift, R )5 7
PEF| pGEM-T-easy # & ¢ Bt B 4= T H
3730XL DNA Analyzer( ABI, USA) .

i QUIME "™ X fir 45 J 51 47 40 M. 1 S
Blast_Fragments IR I L B i AR , RF
ARTHNBEJG MR 97 % 17 IR B A 3507
SR 53 A A T6] 9 45 A 43 25 B2 9T (operational
taxonomic units, OTU) , I £ OTU LR 755
GreenGen %8 47 L X , HH 3L F OTU 434 45
W7 55 2 A1 Shannon ZAEVEFE L.

2 HFREITE

2.1 RGN ITEN

IB17 50 d J&, RGEMEST R BB S i RIH
lER LR A&RE, REL R EIRE.
FUEBITI, il RG0S VS BRI e
7R (LA CH,/ VS 1) 43 51 0 35.7% F1 0. 648
m’ -kg ™' AUAE RS F e ARG B VA A AR
YE TN 65.3% +1.9% . 8 i R Tk AH R A6 ) 2]

THAHERBR VS RCR B, 5 REB ALY &
FRAEHY 44. 7% . [R] B, 6 5 il W2 Ak AH () SCOD Al
TAN 23 514 (16 747 +2190) mg-L~" H1 (1858 =
163)mg-L~", & & TR UEAY (6 899 +585) mg L~
FI(522 144 )y mg- L', FBA S Ue v (4355 43 [ 4 AL
Yy C A R T 25 2 WA R ORI A s A A L
Y. FERE S 0 il AR b RS A A A L
PIpk i it Ak, R is A7, TR AL ARRN ™ F Be AH 1Y
pH 7354 6.5 0.0 1 7.8 +0.3, TALK ( L CaO
31) 43 51 R (1 650 +423) mg-L~" 1 (1903 +300)
mg-L™"  FAN 5050 (51.4 +4.5) mg-L~" FI(118.7
+21.8)mg-L"~".
2.2 TAYIREIE A

TN T 4 SO ) — S R B L5 S
A SR B o PRI v, R WIS SR 40 B vl 5. AR
TN e T B R SR A ] (A5 A A A 1
AR BRAVAH B9 A0 R 7 22 FEEAR T F e
R, AT BB K Bl ) Fo e 5 T3 1) T R , YRR A i o
(IR o2 e A0 A0 | ME R A S B RN 26 L 2 AR O
DA LLE A BT Lo, 77 HBEAR 0 TR 2 AR
T RRACAR , AT RESE R 7 BEAH Y FAN ¥R B2 LR
FEAHTET , 2 LR E SRR BE iy B Methanosaeta
F Methanosarcina %E@ﬁiﬁuﬂ .

F1 WEXENEELEGEN

Table 1 Structure of bacterial clone library and archaeal clone library

i AN SO WSO
FRAEAE PEHEAE BRAGAH P H A
E27B=8 101 101 100 74
PN RS ENEZTIE 8 6 1 0
BT HEL 93 95 99 74
OUT %% 23 35 9 3
bk 0.83 0.73 0.95 0.97
Shannon ZHEHEFEEL 2.73 3.85 0. 88 0.21

2.3 GUEYIREE YN
2.3.1 AR L

PR A AR A H AR v i T2 AT T [ ] AR 2 5B
B[] ( Firmicutes ) , A %F 3= B 43 591 35 2] 90. 3% Fl
94.7% . WA BRACAHIEA 8. 6% HI 1. 1% (4 & 7
)@ F 28 F B 1] ( Proteobacteria ) 1 £F 4 ¥1 5 ]
( Fibrobacteres ) ; F=HGEAHA 2. 1% AT 8 T HE 1]
OP9 i A 3. 2% AN A& T H AT e KA AL AT 4
125, Bl unassigned.

PR AR AH N B AR AR o5 D0 JER R T ) 400
L0 )E TAR T 99 ( Clostridia ) , (B 7E H K F A4 A%,
FAAERE R 22 7, IR T B 23 0l iy R A AT e B



2062 2N 5%

B 38 %

( Thermoanaerobacterales ) 12 & H ( Clostridiales ) ,
XS BE 43510 Ry 79. 8% F 62. 1% . R ALAH A H
BEARLEDE R H A AR R B e 22 5%, 3R W]
TEPIAH TP B A W0 AL R rT REAN ). o 1 B4R 0
TR BARR A B TE B K B2 A T WA 4
AL (F2).

(1) e v Vet W PR 118 A TR A 7 ZHL K

7 e U PR AR A ) A R B LI 2 (). AT
N JEERE TR T AR T 20 200 T (AR X 2 B GA 2] 90. 3% ) AT
RE W i T I8 2338, 43 0l b AR A TR H R
Coprothermobacter . Thermosediminibacter F11 Moorella
(AHXT=EBE 430 67.7% | 10.8% F1 1. 1% ) , LA}
W H 0 # & Caldicoprobacter 1 Tepidimicrobium
(HAXS S BEST 500 8. 6% F1 2. 2% ). HeAx B 4 1
AN REM E 1 232K

)& Coprothermobacter — AR, B C
proteolyticus ( fifHE FIWEIRIENT 18 ) , B Y il i 5 2
65°C , RE /M L1 B =R LR . H, 1 CO, 4R
FIZ B X O G AE 24 5 iR TS TR IR A L
AP I, e PIAH DR AT 16 R e R PR A
N7 g AT s B 23% . EAEA RS
PERE IR B FE AP, 5 53. 6% , BRI EIE
WO 2k v TR R AR AL B B RO B IR
230% . BT A N EMEA, WA X R
SE 7 T e AR 7 A T2 . — 5 T, S RE e AU E
IR e TR AR5 55— 7 T, A R HE IR Y
522 mg- L~ T+ 2B AL ARG V8 91 858 mg-L~", ]
REF ] 2 BB FR AL = e R (1 2E

Thermosediminibacter . Caldicoprobacter |

Tepidimicrobium F1 Moorella #BHe7 %50F) FH 2 F b
SRR, B2 AR LW B Co, A H, Hop
Thermosediminibacter B— Y5534 58 F) FH 1 25 1 A9 /K

m g Coprothermobacter
m g_Thermosediminibacter
m g Moorella
» m g_Caldicoprobacter
= m g Tepidimicrobium

m p_Fibrobacteres; g_

/

® ¢_fi-Protecbacteria; g_

W ¢_y-Proteobacteria; g_

it 7= , Tepidimicrobium H—BEFPREFE R LT e .
(2) e FPGEAH 8 40 B R 7 2
et P e R A 40 TR AR P L UL 2 (b ).

PR S BE TR TR 490 T A (AR R R

62. 1% ) #F e 1 & W J& 75 25, 5 4& Clostridium |

Syntrophomonas 1 Caldicoprobacter , ¥3 %t 3= & 43331 Ay

46.3% . 9.5% 1 6.3% . HRAMMF h ik A —LLAR

e E H B 025, B4 )8 T % H Natranaerobiales

Thermoanaerobacterales A1 SHA-98 | 45 % 3 & 43 731 4

15.8% . 8.4% M 7.4% 34 1. 1% W 4R H 2R

RERfE TE H 328 ARFEERY OP9 T 40 (2.1% )

HASRER 2 18 8 725
KRG Clostridium A1 W K Z #15 T C.

thermocellum , X FREETE 55 ~60°C 514 T REWS A 5 F

AESRE I SN S N TR N R NI

4z (28] AN, Caldicoprobacter Tt HE F1) FH ] PR AR 2

FEAE LR ER CO, FiT H,.

W& Syntrophomonas H)—¥&Fh 5 (08 F7= A p= H
K Methanospirillum sp. jjélﬁji%?‘%HﬂL, ] A FH ik
JRFECH A 4 ~ 18 A0 R AR D 2 , He bk
TR EENR D7 R W A SRR A e, B i
FHCh B0 R T W B A kg D TR R R e
KEENENIHR (LCFAs) n] RESs W BE7E DR A S A= M iy
AN HRE/ IR b 0] A 3 P BEL RS DR T A i
P2 LCFAs RREARASE AT AR ] , 3 m] L3R
PETE 2257 e, X DR SETH AL A A

AR ZR G g R AR % TR H ( Natranaerobiales )
AR F RGBS E A AU B, HATE
RV T, PR 4 T e A A T 8 T A TS 8, T Ao AL 2
25, Natranaerobius thermophiles 1 Natranaerobaculum
magadiense , i & BEHEFI FH Z RIS | ISP L 1R
55 RN B SRR AT RS 0 HREF

v

m g Clostridium

m g Syatrophomonas

m g_Caldicoprobacter

m o_Natranacrobiales; g_

® o_Thermoanaerobacterales; g
m o _SHA-98; g

m ¢_Clostridiazo_; g

m p OPY9;0 OPB72; g

Unassigned

(a) B IR FRALARFN (b)) imiily™ T BEAE s 20 Bt R Al bl DX A2 REAE W o 1 s 20 26
B2 BRERBRUBMSESPRENEFAEMR (JEKF)

Fig. 2 Bacterial composition of hyperthermophilic acidogenesis phase

and thermophilic methanogenesis phase ( genus level)



54 HRHSAE . SRAL PS8 e 1 PR A AL R A I 2063

PR RBERI 20 .
2.3.2 B

2o W W H KWK 3, B
Methanothermobacter I H 43 W] i | 7 =y Yk 1R AL
AFFI e I ™ FR e A A A 6 = BE 43 510 93. 0% il
100%, #& @ i kM s DS REW
Methanospirillum ., Methanosarcina F1 Methanosaeta.
TERENX 4 NEEF, — B HIN N Methanosaeta
T CTRE SR W BE R ; Methanosarcina — A
FH TR Wt B rp— 26 S B ] A1) 1] & 1R L fE
o H H,/CO,; Methanothermobacter il
Methanospirillum Je: 1L 7 it %08 % B0 7 B g 1
HI A R GE bt i) HY e LT 0 A e il ™ FHBE A
Methanothermobacter 1FH:H (A X} 3 B A 100% ,Af
DAHEWTAS ZR 50 v F e A o 7 32 il o &8 7R A
PR B S Y. 7E Tang 2554 19+ 25 6L H Be 1k
THALAR WA SRR A5 6t 1T B 90% R &S
FRERE P e, H AR hiRGE UM
Methanosarcina, 3+ % A ™ ¥ & TR & 7 W)
Methanosaeta. 574 2 45 Hh &8 37 B 7= W e B 46 %
b AR, 2505 It G KA TH AL R e A i
JECTRE TR PR Y e R R R A
Liu 2610 g il v e v [ R AT AL R e,
B rE H BE R ERSE Methanosarcina , H. £ R 23 r= H
BERON e A btk ie. A, (AR
J& , Methanosarcina W)—S6Fp L REF| FH £ 12 X REF H
H,/C0,™.

(a) (b)

B Methanothermobacter  m Meth ta

B Methanospirillum B Methanosarcina

(a) H IR FR AR A (b) iR H e Ar
B3 BREBRLEMSESREENGTEAR (FEKF)
Fig. 3 Archaeal composition of hyperthermophilic acidogenesis

phase and thermophilic methanogenesis phase ( genus level )

A FRGE Y TR 2 R R Be AR A Rl
REJR MR BRI AT 26 0F S By, 5, e AR st e
A R S, PN b i R TR A ) v i A

SRR, WOE OO T E A R R
Corprothermobacter spp. WA, K 8 H ok R,
FURME T, T REIN R £ R E IR AL P B B AR
K, T ELI A ) A FH 7 g 3™ FR Be A b Pl e 22 B8
e PR Ry H R 1Y pH RN B 2 fi B S
ARt i A P B i U s L A e T
FHET SRT AX 12. 5 d, BLH A SRT WA A T 208 Fr 1Y
72 F b B S R P A

3 it

SHR P TR e [T DR 0T 1k T 20 BB A A A4t A R
Gl TRACARFN ™ FGEAHES A7 1 R A 1] SRR 2 1Y)
AR, EHAB 2R TR 2H AN ], R A AR A7 A R e B A £
1o/ BB A AR TE 5 7 Y GeAH ) 3 SR R 2T 4 R
SEZREMAMNE , WA —E KRN R AN TE. W
R T TR 2H SRR A Ay B — | JU IR A 7 F Be ARG Hh 1Y
T A& T Methanothermobacter , 7 22 G5 1 1 45
b T2 EUE TR iR R AT

SE Lk
[ 1] EHEAN S #BEE. 2015 430 S @ikt A [ EB/OL].
hitp://www.  mohurd.  gov.  en/xytj/tjzljsxytjgb/ tjxxtjgh/

201607/120160713_228085. html, 2016-07-13.

[2] ACBRATREIAORM. 5 U A BAT LSBT T K o BE & it i A
B[ EB/OL]. http://huanbao. bjx. com. cn/news/20161014/
780523. shiml, 2016-10-14.

[3] WBEE. {SRAEHAESARIRSPFERER[T]. KT
Wi, 2015, (4): 14-17.

(4] AR ANRIERIELD R S d e, e N RS E 5%
JRABCEZE 5125, B0 K AR B ) ¥ YR Ak Bk 8 5 R 46 R
(if47) [s]. 2011.

[5] =i, 7R, B, & “Hokid-mrmR REHA” T24Ak

P A R AR TS R A TR [T]. BFRIERE, 2014, 35
(9): 3461-3465.
Wu J, Wang G Q, Cao Z P, et al. Pilot study of thermal
treatment/ thermophilic anaerobic digestion process treating waste
activated sludge of high solid content [ J ]. Environmental
Science, 2014, 35(9) : 3461-3465.

[ 6] BRBESE, rtT7, HEUE. JBiK IS U8 m i P AR 5 SR IR 4UTH fL T
MR )], BHE R 5 TR, 2014, 14(33) ; 132-138.
Dai X H, Ye N, Dong B. Comparison of performance between
thermophilic two-phase and single-phase anaerobic digestion of
dewatered sludge [ J]. Science Technology and Engineering,
2014, 14(33) . 132-138.

(7] FEJ7R, R, 00, 55 TS U e B i B R AU 1L
MR R (1], HERS, 2013, 31(6) : 9-12.

Wang G Q, Wu ], Zuo J E, et al. Progress of high-solid-content
anaerobic digestion of municipal sludge [ J]. China Biogas,
2013, 31(6) : 9-12.

[8] BB, BB, 2. 150 m MR A H e st )].
I #REE, 2013, 32(6) : 118-121.

Liao X C, Cheng Y C, Li H. Research progress of high-solids



2064

woooH

F

2% 38 &

[9]

[10]

[11]

[12]

[13]

[17]

[19]

[20]

sludge anaerobic digestion[ J]. Sichuan Environment, 2013, 32
(6): 118-121.

Liao X C, Li H, Cheng Y C, et al. Process performance of high-
sludge [ J .
Environmental Technology, 2014, 35(21) . 2652-2659.
PREEUE, JmEsz, BEOWI, 4. Some e o [ DA A Rk i
EREEFRIRLI]. TR, 2015, 34(3) : 831-839,
856.

Chen S'S, Dai X H, Xue Y G, et al. Research progress of the

solids batch anaerobic digestion of sewage

main factors influencing properties of high-solid anaerobic
digestion [ J ].
2015, 34(3) : 831-839, 856.

WRER, (T, OO, SE R A TS U IR A
LI bERER SE M [ 1], BRBERLAE, 2017, 38(2): 679-
687.

Dai X H, He J, Yan H, et al. Effects of free ammonia regulation

Chemical Industry and Engineering Progress,

on the performance of high solid anaerobic digesters with
dewatered sludge[ J]. Environmental Science, 2017, 38 (2):
679-687.

Fujishima S, Miyahara T, Noike T. Effect of moisture content on
anaerobic digestion of dewatered sludge: ammonia inhibition to
carbohydrate removal and methane production[ J]. Water Science
and Technology, 2000, 41(3) . 119-127.

Liao X C, Li H. Biogas production from low-organic-content
sludge using a high-solids anaerobic digester with improved
agitation[ J]. Applied Energy, 2015, 148 . 252-259.

Wang F, Hidaka T, Uchida T, et al. Thermophilic anaerobic
digestion of sewage sludge with high solids content[ J]. Water
Science and Technology, 2014, 69(9) : 1949-1955.

Nges I A, Liu J. Effects of solid retention time on anaerobic
digestion of dewatered-sewage
thermophilic conditions[ J]. Renewable Energy, 2010, 35(10) ;
2200-2206.

Duan N N, Dong B, Wu B, et al. High-solid anaerobic digestion

sludge in mesophilic and

of sewage sludge under mesophilic conditions: feasibility study
[J]. Bioresource Technology, 2012, 104 . 150-156.

Hidaka T, Wang F, Togari T, et al. Comparative performance of
mesophilic and thermophilic anaerobic digestion for high-solid
sewage sludge [ J]. Bioresource Technology, 2013, 149. 177-
183.

Liao X C, Li H, Zhang Y Y, et al. Accelerated high-solids
anaerobic digestion of sewage sludge using low-temperature
thermal pretreatment [ J ]. International Biodeterioration &
Biodegradation, 2016, 106 141-149.
Liu C, Li H, Zhang Y Y, et al.

community along with increasing solid concentration during high-

Evolution of microbial

solids anaerobic digestion of sewage sludge [ J]. Bioresource
Technology, 2016, 216 87-94.

T, BEF, T, & hERis R RE D
MR E LB ()], BUEY #2016, 43 (1) 26-
35.

Wang T X, Ma X Y, Wang M M, et al. A comparative study of
microbial community compositions in thermophilic and mesophilic
sludge anaerobic digestion systems [ J]. Microbiology China,

2016, 43(1) : 26-35.

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[34]

FE ZABE A SR, KRR K M s B or ik (M. (551
). HEst: PR AL, 2002.

Hansen K H, Angelidaki I, Ahring B K. Anaerobic digestion of
swine manure: inhibition by ammonia [ J]. Water Research,
1998, 32(1) . 5-12.

Wang C, Zuo J E, Chen X J, et al.

structures in an integrated two-phase anaerobic bioreactor fed by

Microbial community
fruit vegetable wastes and wheat straw [ J ]. Journal of
Environmental Sciences, 2014, 26 (12) : 2484-2492.

Caporaso J G, Kuczynski J, Stombaugh J, et al. QIIME allows
analysis of high-throughput community sequencing data [ J].
Nature Methods, 2010, 7(5) : 335-336.

Koster I W, Lettinga G. The influence of ammonium-nitrogen on
the specific activity of pelletized methanogenic sludge [ J ].
Agricultural Wastes, 1984, 9(3) : 205-216.

Tandishabo K, Nakamura K, Umetsu K, et al. Distribution and
role of Coprothermobacter spp. in anaerobic digesters[ J]. Journal
of Bioscience and Bioengineering, 2012, 114(5) . 518-520.
Lee M, Hidaka T, Tsuno H. Two-phased hyperthermophilic
anaerobic co-digestion of waste activated sludge with kitchen
garbage[ J]. Journal of Bioscience and Bioengineering, 2009,
108(5) . 408-413.

Koeck D E, Zverlov V V, Liebl W,

genotyping of Clostridium thermocellum strains isolated from

et al. Comparative
biogas plants: genetic markers and characterization of cellulolytic
potential[ J]. Systematic and Applied Microbiology, 2014, 37
(5):311-319.

Hatamoto M, Imachi H, Fukayo S, et al. Syntrophomonas
palmitatica sp. nov. , an anaerobic, syntrophic, long-chain fatty-
acid-oxidizing bacterium isolated from methanogenic sludge[ J].
International ~ Journal  of

Microbiology, 2007, 57(9) : 2137-2142.
Chen Y, Cheng J J, Creamer K S.

Systematic  and  Evolutionary
Inhibition of anaerobic
digestion process; a review[ J|. Bioresource Technology, 2008,
99(10) : 4044-4064.

Mesbah N M, Hedrick D B, Peacock A D, et al. Natranaerobius
thermophilus ~ gen.  nov., sp. nov., a halophilic,
alkalithermophilic bacterium from soda lakes of the Wadi An
Natrun, Egypt, and proposal of Natranaerobiaceae fam. nov. and
[J].
Systematic and Evolutionary Microbiology, 2007, 57 (11):
2507-2512.

Zavarzina D G, Zhilina T N, Kuznetsov B B, et al.

Natranaerobiales ord. nov. International Journal of

Natranaerobaculum magadiense gen. mov., sp. nov., an
anaerobic, alkalithermophilic bacterium from soda lake sediment
[J].
Microbiology, 2013, 63(12) : 4456-4461.
Demirel B, Scherer P. The

International Journal of Systematic and Evolutionary
roles of acetotrophic and
hydrogenotrophic methanogens during anaerobic conversion of
biomass to methane: a review[ J]. Reviews in Environmental
Science and Bio/Technology, 2008, 7(2) : 173-190.

Tang Y Q, Ji P, Hayashi J, et al.

community of a dry thermophilic methanogenic digester: its long-

Characteristic microbial

term stability and change with feeding[ J]. Applied Microbiology
and Biotechnology, 2011, 91(5) . 1447-1461.



HUANJING KEXUE Vol.38  No.5

Environmental Science ( monthly) May 15, 2017

CONTENTS

Estimating the Secondary Organic Aerosol Concentration and Source Apportionment During the Summer and Winter in the Nanjing Industrial District «++«eseeseeeseereressersmenenenninennn
LIU Jing-da, AN Jun-lin, ZHANG Yu-xin, et al.
++ LIANG Jing-shu, AN Jun-lin, WANG Hong-lei, et al.
Concentration Characteristics and Influencing Factors of Atmospheric Particulate Matters in Spring on Weizhou Island, Beihai, Guangxi Provinge ««eesesrereeresiemienienenmeneniininenn

............................................................................................................................................................ GAO Yuan-guan, ZHANG Kai, WANG Ti-jian, et al.
JIN Meng-yun, XING Xin-li, KE Yan-ping, et al.
Spatial Distribution Characteristics of NMHCs in Spring in Cangzhou City »+ DUAN Jing-chun, ZHOU Xue-ming, ZHANG He-feng, et al.
Emission Characteristics of Residential Coal Combustion Flue Gas in Beijing ~ +++++--* B AR LRI LIANG Yun-ping,ZHANG Da-wei, LIN An-guo, et al.
-+ SHAO Zhu-ze, ZHENG Guo-di, WANG Yuan-gang, et al.
JIANG Li-ying, ZHANG Di, GUO Hai-gian, et al.
WU Yuan-yuan, LI Ru-mei, PENG Lin, et al.
YAO Jing-bo, WANG Ming-xin, QI Jin-di, et al.
DONG Xiao-fang, DENG Huang-yue, ZHANG Luan, et al.
ZHANG Yun-hua, LOU Di-ming, TAN Pi-qiang, et al.

Modeled Deposition of Fine Particles in Human Airway in Northern Suburb of Nanjing

Polycyclic Aromatic Hydrocarbons in the Atmosphere of Dajiuhu, Shennongjia, China

Emission Characteristics and Ozone Formation Potential of VOCs from a Municipal Solid Waste Composting Plant

Degradation Characteristics of Composite CVOCs hy Non-thermal Plasma «++:++xesveeeseseesrersssnsnensisiiniinienen

Chemical Compositions and Source Apportionment of Road Dust in Yuncheng
Pollution Risk of Heavy Metals in Dust from the Building Along Elevated Road; A Case Study in Changzhou
Characteristics of Stable Isotope in Precipitation and Tts Relationship with ENSO in Shanghai
Effects of DOC + CDPF on Emission Characteristics of Heavy-duty Diesel Vehicle
Accumulated Health Risk Assessment of Arsenic in Drinking Water of Major Cities of China ZHANG Qiu-qiu, PAN Shen-ling, LIU Wei, et al.
Health Risk Assessment of Microcystins from Drinking Water Source by Monte Carlo Simulation Method -+ - WANG Yang, XU Ming-fang, GENG Meng-meng, et al.
Potential Risk and Distribution Characteristics of PPCPs in Surface Water and Sediment from Rivers and Lakes in Betjing, China w+rrererreerrsssenemensnmsienneinsesn e

Assessment of the Spatial-temporal Distribution Characteristics and Main Affecting Factors of Chromophoric Dissolved Organic Matter in Spring and Summer at the Changjiang Estuary and

AGJACEE ATeas ++--+++++++seoeessssee e SUN Yu-yan, BAI Ying, SU Rong-guo, et al.
Complexation Between Copper( I ) and Colored Dissolved Organic Matter from Municipal Solid Waste Landfill XIAO Xiao, HE Xiao-song, GAO Ru-tai, et al.
Effects of Three Bioretention Configurations on Dissolved Nitrogen Removal from Urban Stormwater ««+s+ssessessessesssnenmsnnsiniisniiien LI Li-ging, HU Nan, LIU Yu-qing, et al.
Influence of Spatial Pattern of Paddy Field on the Losses of Nitrogen and Phosphorus in Three Gorges Reservoir Area — ++eeseeseseereereeeeees CHEN Cheng-long, GAO Ming, NI Jiu-pai, et al.

Effects of NO5™-N Loading on the Early-Period Efficiency of Denitrification and Carbon Releasing in Constructed Wetland Filled with Bark -+ JIANG Ying-he, LI Yao, ZHANG Ying, et al.
Effects of Microbial Fuel Cell Coupled Constructed Wetland with Different Support Matrix and Cathode Areas on the Degradation of Azo Dye and Electricity Production - -
............................................................................................................................................................... Ll Xlle-XiaO, CHENC Si_chao‘ FANC ZhouY et al'

Effects of Anode Materials on Electricity Generation and Organic Wastewater Treatment of 6 L Microbial Fuel Cells - DING Wei-jun, YU Li-liang, CHEN Jie, et al.
Effects of Joint-reaction Combined by Ozonation and Coagulation on Aquatic Organic Matlers — «++xesveesseseesnesssssenennssisnsinsenen LIU Hai-long, FU Jing-miao, GUO Xue-feng, et al.
Disinfection Action of Ultraviolet Radiation and Chlorination on Escherichia coli and Poliovirus —+++++sseessrerenserinsmnisniinnnns XU Li-mei, ZHANG Chong-miao, WANG Xiao-chang, et al.
Adsorption of Phosphate from Aqueous Solution on Hydrous Zirconium Oxides Precipitated at Different pH Values =~ «+vevereereeeeseens WANG Xing-xing, LIN Jian-wei, ZHAN Yan-hui, et al.
Performance of Polymer-hased Titanium and Zirconium Oxides Composite Adsorbent for Simultaneous Removal of Phosphorus and Fluorine from Water ««+veseeeseserereenesienensnniinenne

............................................................................................................................................................... CHEN Jia-kai, NIE Guang-ze, LIU Zhi-ying, e al.
ZHU Pei-ying, LI Da-peng, YU Sheng-nan
SANG Lang-tao, SHI Xuan, ZHANG Tong, et al.
ZHOU Lin-jun, GU Wen, LIU Ji-ning, et al.
JIN Peng-kang, YANG Zhen-rui, LI Rong, et al.

Law of Pollutant Erosion and Deposmon in Urban Sewage Network

Fate of Eleven Phthalic Acid Esters in Aerobic Sewage Treatment System

Characteristics of Denitrification Inhibiting Sulfate Reducing Process ««+sesssseereesessereneenens

Enhanced Short-cut Denitrification by Fe®-activated Carbon and Its Influencing Factors LU Yong-tao, LIU Ting, ZENG Yu-lian, et al.
Comparison of Operating Performance of Partial Nitritation Systems with Two Different Inhibition Strategies ~ ++++»+ssesesrseeeereseeneens LI Hui-juan, PENG Dang-cong, CHEN Guo-yan, et al.
Effect of Substrate Ratio on Nitrogen Removal Performance of ANAMMOX in ABR  eeseeseseersensemseneneniniininsisintseins LU Gang, XU Le-zhong, SHEN Yao-liang, et al.
Effects of Temperature on the Characteristics of Nitrogen and Phosphorus Removal and Microbial Community in SCSC-S/Fe «+-«+seeerereeeees FAN Jun-hui, HAO Rui-xia, ZHU Xiao-xia, et al.
Analysis on Performance and Microbial Community Dynamics of a Strengthen Circulation Anaerobic Reactor Treating Municipal Wastewater -+ YANG Bo, XU Hui, FENG Xiu-ping, et al.

Aerobic Degradation Characteristics of the Quinoline-Degrading strain Ochrobactrum sp. and Its Bioaugmentation in Coking Wastewater «+:«+««+sssssssssssssssesssiensnenssnnisnensininnsneneenes

XU Wei-chao, WU Cui-ping, ZHANG Yu-xiu, et al.

Manganese Oxidation Characteristics and Oxidation Mechanism of a Manganese-Oxidizing Bacterium Arthrobacter sp. HW-16 «+«+eesee WAN Wen-jie, XUE Zhi-jun, ZHANG Ze-wen, et al.
Effect of Temperature on Nitrogen Removal Performance of Marine Anaerobic Ammonium Oxidizing Bacteria +««esvseereeeseressesssiensiinn: ZHOU Tong, YU De-shuang, LI Jin, et al.
Nitrogen Removal Performance and Microbial Community Analysis of Activated Sludge Immobilization —««+eseeeseseeresessressiennsiiniens XU Xiao-yi, YOU Xiao-lu, LU Chen-pei, et al.
Microbial Structure of an Enhanced Two-phase High-solid Anaerobic Digestion System Treating Sludge — ++«+++sveeeesresnerssnssnesenenensinnenne CAO Zhi-ping, WU Jing, ZUO Jian-e, et al.
Comparative Studies on Soil Actinobacterial Biodiversity After Re-vegetation in the Urban and Rural Hydro-fluctuation Zone of the Three Gorges Reservoir Region = +«esessesresseseesesneneenen
............................................................................................................................................................ QIN Hong, REN Qing-shui, YANG Wen-hang, el al.
Nitrous Oxide Emissions and Tts Influencing Factors from an Agricultural Headwater Ditch During a Maize Season in the Hilly Area of Central Sichuan Basin = «+«eseeseeeeeserersenesienennnn

........................................................................................................................................... TIAN Lin-lin, ZHU Bo, WANG Tao, et al.
WU Yan-zheng, ZHANG Miao-miao, QIN Hong-ling, et al.
70U Juan, HU Xue-yu, ZHANG Yang-yang, et al.
Characteristics of Soil Respiration and Soil Organic Carbon in Fava Bean Farmland Under Ridge Tillage and Straw Mul(hmg in Southwest China +eervereeererseremenmmnenen s
............................................................................................................................................................... XIONG Ying, WANG Long-chang, DU Juan, et al.
Prediction of Distribution of Soil Cd Concentrations in Guangdong Province, China SUN Hui, GUO Zhi-xing, GUO Ying, et al.
Spatial Distribution and Potential Ecological Risk Assessment of Heavy Metals in Sediments of Suya Lake ++ ZHANG Peng-yan, KANG Guo-hua, PANG Bo, et al.
Effects of the Active Components of Humic Acids and Their Proportions on the Dynamics of Lead Transformation and Availability in Purple Alluvial Soil «+«esesseseerseseesemenennsniniinennnns
...................................................................................................................................................... WANG Qing-ging, JIANG Zhen-mao, WANG Jun, et al.
Enrichment Characteristics of Heavy Metals in Particulate Organic Matter of Purple Paddy Soi LI Qiu-yan, ZHAO Xiu-lan
Enhanced Sorption of Cetirizine to Loessial Soil Amended with Biochar ««+«+sererserererssennesinsinniinscienens s +»+ WU Zhi-juan, BI Er-ping
Characteristics and Mechanism of Copper Adsorption from Aqueous Solutions on Biochar Produced from Sawdust and Apple Branch -+++++: WANG Tong-tong, MA Jiang-bo, QU Dong, et al.
»++ DU Wen-hui, ZHU Wei-qin, PAN Xiao-hui, et al.
BAO Yue, ZHOU Min-yun, ZOU Jun-hua, et al.

Effect of Dicyandiamide on N,0 Emission in Fallow Paddy Field and Rape Cropping

Characteristics of Biochar-mediated N,0 Emissions from Soils of Different Surface Conditions

Adsorption of Ph? * and Cd? * from Aqueous Solution Using Vermicompost Derived from Cow Manure and Its Biochar -+
Performance and Mechanism Study of Visible Light-driven C3N,/BiOBr Composite Photocatalyst

(2074)
(2084)
(2003)

(2102)
(2111)
(2125)

(2136)
(2146)
(2154)
(2161)
(2172)
(2182)



	Binder1.pdf
	环境科学2017-05封面.pdf
	中文ml.pdf




