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Formation Mechanism of Aerobic Granular Sludge and Removal Efficiencies in

Integrated ABR-CSTR Reactor
WU Kai-cheng'?, WU Peng'”, XU Yue-zhong' >, LI Yue-han'*, SHEN Yao-liang'*""

(1. School of Environmental Science and Engineering, Suzhou University of Science and Technology, Suzhou 215009, Chinaj 2.
Jiangsu Collaborative Innovation Center of Technology and Material of Water Treatment, Suzhou 215009, China; 3. Jiangsu Key
Laboratory of Environmental Science and Engineering, Suzhou 215009, China)

Abstract: Anaerobic Baffled Reactor (ABR) was altered to make an integrated anaerobic-aerobic reactor. The research investigated
the mechanism of aerobic sludge granulation, under the condition of continuous-flow. The last two compartments of the ABR were
altered into aeration tank and sedimentation tank respectively with seeded sludge of anaerobic granular sludge in anaerobic zone and
conventional activated sludge in aerobic zone. The HRT was gradually decreased in sedimentation tank from 2.0 h to 0.75 h and
organic loading rate was increased from 1.5 kg-(m’®+d) ' t0 2.0 kg-(m’-d) =" while the C/N of 2 was controlled in aerobic zone.
When the system operated for 110 days, the mature granular sludge in aerobic zone were characterized by compact structure, excellent
sedimentation performance ( average sedimentation rate was 20.8 m-h™') and slight yellow color. The system performed well in
nitrogen and phosphorus removal under the conditions of setting time of 0. 75 h and organic loading rate of 2. 0 kg+ (m®+d) =" in aerobic
zone, the removal efficiencies of COD, NH, -N, TP and TN were 90% , 80% , 65% and 45% , respectively. The results showed that
the increasing selection pressure and the high organic loading rate were the main propulsions of the aerobic sludge granulation.

Key words:ABR; CSTR; aerobic granular sludge; formation mechanism; removal efficiencies
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Table 1 ~ Components of mixed sewage
oy i /mg-L! 45y i /mg-L! 4y Fri/mg-L7!
CaCl, 44.8 CoCl, -6H,0 0.12
COD 800 ~ 1250 MgSO, 49 ZnS0, -7H,0 0.12
NH, -N 50 ~ 100 FeCl; -6H,0 1.5 NaMoO, -2H, 0 0. 06
TP 3~6 H;BO, 0.15 CuSO, -5H,0 0.03
MnCl, -4H,0 0.12 KI 0.03

TR P R AR X B AT YR B [ 5 M X T 7k Ab
BRI IRETG U, Pl E 15 Je v FE (MLSS) A 6 gL'
KR G157k 4t 30 d 8 305 47, K ok i

TS XRS5 VR T3 BT X 5 K A BT 4R
PRI P TEPETS I, 2R TS e vk FE 4 500 mg-1.7".

WG, 258 FL o B 48 A 224 [ 50 oy ikl
S Hid, pH (E R F BE PHSJ-4A B pH T
E 3 DO SRS DO I S0 5 FURE S ik

AW AR ] OLYMPUS CX41 HY 5 S A6 il ok
15 YR TR R R FH S /K S DO 2 0 e . s I
LA 3 A7 SR FH T 233000 7
1.2 Wi

WFFE L RE Y, SR B L LAB AL 4 6 HRT A4
AT AL 5 AT TR e i 5T, N T e R
FeB 5 S50, 1% S ORI it A2 A A By BE N &R
GEX 15 YW 2 BRACRE , 43 BT B S ORI Ve I AL
il 2% 2 AR B TR I S AL

&2 ABR-CSTR —fk{L TZIEITEH
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/d /h /mg-L~! /kg+(m?-d) 7!
I 1~17 2.0 200 1.5
I 18 ~42 1.5 150 1.5
il 43 ~66 1.0 135 2.0
I\ 67 ~110 0.75 100 2.0

2 SRS

2.1 i8fi4h

300 3 A O E I ] ( B4 0 0E X HRT) |, Bl
iR RE R 2ZE M A B Te AW Bk e th . D4 X N
TG IRIE AL AR, R A R B4 B Be 1

CRMEZD) | BB Il (BRI L) | BB (CR0RLZE
K AR B Be IV (CRURLGER ) . 375 98 BEAT B A 7 Hr
R, RGs1T 17 d )5 I5 B kA 281k,
H1JEOR A ZOIR Y5 YE 8 20 [ A5 A O AR, AR ) DL
RN AR INR IR AL | 1R 25 110 d
AN G R I D G5 R R 2 11 2 SN R



8

ABR #5 CSTR — AL T Z 4 S WORLTS YR AL i B FEBR 5 R BERIT 52

2949

(IR B8 €0 B S RS U8, TN S B T V5 YR Bk 1.
2.2 BITRLRE Kbt
2.2.1 COD By EBRIEH I 5rHr

AT A X A ED R DRAEIX 7K. TRAEIX
T4 DX M KK B R BRI 2 TR

55 1 (KRR 30 ) By BOUTUE s HRT 4 2.0 h, R
A X COD BHRUMMIAE 2. 1 kg+(m’-d) ' 247, KA
mik & 17 d Y4k, Kk COD % E 7E 200
mg L™, KRR FRLE 80% LU I, 7843 i W]
ABR PR R RAE IR TG e A B COD 2Bk
Ji. T FIR SR, G A X COD £ B R
% AUH 55% Fe47, HiK COD ¥ FEE Ky 85 mg-L~' /&
A 5 B BEULHENL HRT M 1.5 h, i 18 2 w40 IR
A XX COD 1 2B FZ i 7t , 7k COD 7E 150
mg- L™ 2. REAIX S AP ZE N L i B 0. 087
m-h R 0. 115 m-h ' 3 HE T IRETS IR S kK
FERRI TR 42 i, DR B Ak T RS 40 0 2 B BE
ARG IR TR TS e ek s s B, B 2D
SRS U B AR G R LRI R

BRI e i A% T BEL 3 B AR IR T A 01 1 X635 7 B )
WIS R, COD 3B Zm% A T R E TE 60% 247,
DUUEM 17K COD B % 60 mg- L™ A4y ; 2511
B Btk — 5 45 8 UUE M HRT 2 1.0 h, %R R A X
HRT 45 J2 2 7. 11 h, B itk COD W =
1050 mg-L™" JRE X COD E£BRFRAL T HE 5
MR 2 SR R K, HE K COD R JE 7R 135
mg- L™ e 4y, MUTIERT I 45 M 2 1.0 h B[ BLEHIT
FEMA R AATIAS] 1.4 m* - (m®-h) 7' ], REAE
RIGVRHEBE L R G, iR XN AR R TE R BTN K
/D E R SN 2% P AR TS Je AN W AR K AR
PrarHan , XTI 9 i 25 R R 4R 5 O 4 R 7E 60% LA
by SV BLUTRERE] A 0. 75 b, B4 X COD A1
FTH 2.0 kg (m*-d) ~', Gk —4 A 1is 17, I8
Bty COD £BRRFAELE 70% VU L, /KW E T g
TE40 mg-L7'UAR MM RFER COD MR A
90% VA I, AT UL, SEBLIS R ORLAL 2 )5, R 48 COD
1) 25 B R R BRR | 3% BHS T8 J0kE Ak 2 1 #% 2
AU R AL FRAL RE.

== ill7KCOD —te {LHE K COD el (5 ESH
- R kCOD el HES S 2
400 I Il il 5 IV 100
R e A i
1200 |~ <X o o | 4 90
X X X XN ox XX XXX ¢ X
Looo |- x X XX XX S8 Roxx XX X0
_ X 0. - 80
5 800 [ ® G 000000 008 =
B X 70 ¥
g Xy X X K &
S 600 [ w yx X XK H
X XX KA x o xx KX 1 60
400 - X XX B
L x % 50
200 X M m i
‘AA:‘--""..---.—"III-II
0 el WV VYV VIN A.AAAMAAA=40
0 20 40 60 80 100

td

B2 CODHERKRIER
Fig. 2 COD removal profile

2.2.2  NH; -NAYEBRME B BB

AT KA X K C/N EHh 2 24,
FER C/N H SR N 4 S8 BUR 15 VR I8 1 7 S ad
PEALRE. OF KR AR R R RACR A 3 PR,

AELTA] R X R BILT %A B
H, B A A Tt i, e G X NH, -N R
HEBR(E3). 5 1 BB, 2 A LR FE s 2] 60%
Db RREE 65% it B, Mk EH T2
RITVERBE , 2 A LB A i s, BBk 2 E T
B FEASEIV BB, PRSORLYS e i T BTl i 3

SRR, RGUNTNH, -NAYHE A 25 B 8588 78 80% LA
b FRIRLTS YR T BGR AL T NH, -N R BRACR.
2.2.3 TP myEBRIE LB

B—f%) ABR BV & ZE RS is 17 By BOM B Y 2
BRASCR 3 3 AN AL A 5 o bR AT 55 5
R S X 58 . HE K TP MR R % 25 BRSO L
Kl 4.

[ . DB EBERG ST TP LR A, KATE
40% Fidn , FERARTE W B T W2 £R 1) ZUIR TS Ve 1
VMR B A A 2 e Bk TP R, MR, Bl



2950 woom OB % 36 %
200 ! : L n v 100
180 |- ==k EE —he— i ok &

o == REkeE e BRE 1 %
L Kye X
- x. | X X kX x L
5120 | i x X yXox, kXK TR ox X X 2
£ e g POX X ®
z 10 ¥F T 17
e ' n { #H
oL xI v m
60 | | r o W W _— 4 60
40 A A A ;?‘ : 50
i ! ARA A A A A
0 L L L i L ‘mf‘ A 40
0 20 40 60 80 100
id
B3 NH;-NHEKRER
Fig. 3 NH, -N removal profile
I Il 1 Iv
20 80
18 - R (TP X 470
i o ) X
16 e Vi K TP « x X xx X ¥ o
14 i L EE X X
2k )K)'So<>53K 4 50
Lo X xX -
10 - % XK X XXK,K).?K 1 %%
= 8 X X 41 30
6 gl ] m N
4—‘.I‘A.l.l.l--'l.lp- "an g
A AL 4 AA |
5 L A A A A AL ““‘A‘E““““““Im
0 1 | 1 i 1 1 0
0 20 40 60 80 100
d
B4 TPHEREFER
Fig. 4 TP removal profile
TUREA) . IF AR A A 22 BRI i /57, 3% AT BB 2 H B Be B R 20 P35 5 R 31% | 36% | 42% Fi

FRIRL 15 Ve A B 7718 45 TR 11 DR S - 4 - 4 285
P A5 e 4 IXC ) R 08 A B 008 0305 B 1 A 1 T R
Wew K BE R BR R RS E A S0% i AT, BRI P By
BEA TR, VBRI as , ik K vk B Y B AR LA
RO X A 2 SR, 4545 8 T G ) i
BTG UR R SS R FRE TSR AL T BRBETIRE, TP 1) KPR %
AT, — Rk 70% . bfe i g <, S 8UR
SAIREE D BB R R T BRBEROR ;i
A BN A A8 RE IR S 4 R X AP A — R
FEM RASAAE T, 5 SO A A TR 5 e 1 5 S e R
R TR R T e — 20 S B TP R BR R
2.2.4  EIUE KA

X K AR R S R, R —H
FEE N UK (HIER B B AL, REiE1T 4 4

45% . AEAFE R0 B UUUE R B 9 46 06, 15 e 0t
AR B R R, 5 I (AT R0 2 R i, v B
AT ARE S I—E B AN, X AT REZ T
DAL DO ARSI KA. #5315 Jeis
BEAEVIIE X, Joik B 32 100 30 28 4 4 DXl T 7™ A 4
W LLAT IO AL, RGBT IR, i T S kL
TGV IIE B3GR, 78 H N IE BT R A -k 484
RSSO RO AR AL T R ; @ K A b
i B A L.
2.3 IEIORLTS R B L AR
2.3.1 Ak

AT UTTE M HRT 24 M 2.0 h FEH 0.75
h, SO g s RIS kA T AR, B T BB
AR ZURTG IR [ & 5 (a) ] Wi A8 0 11 By Beist
IR ] WL/ N AR IR, DL IS A SR AR AR T 2 4 B



8 ARTATE S . ABR M CSTR — AL T 24 S MORLTS YR AL i B FEBR TS 2 BERIE 52 2951

B | RIEATER Z 2 ARIK[ B 5(b) 15 TR BT
DX PN R BRSO 1 S L # , VR B 07 Ul SR
ARARBCR R Bt BT TR ST R 2%
FARTFEEDAAE 0.58 ~1.25 mm L E N[5
(¢)1; FEAIV BB, ok R F oE— 2518 K, 2540
TN S 0 2 R TR A , S5 A A L) ) [ e
LS5 (d)]. B 6 M55 108 d 4 X Y kL5 I8
HRIAR AT RiARAE/NT 0. 58 mm, 0.58 ~0. 8 mm .
0.8~1.25mm, 1.25~1.6 mm, 1.6 ~2.5 mm &K
F 2.5 mm i [ A F0RE TS R T RS R BT Y E
Fo x5 4.2% . 21.67% . 38.28% . 20.37% .
13.12% J 2.36% , BV J2 v & Th kL AR K F 0. 58 mm
HITE T A X (7 95% LA L) , BRI FE X N E
RS BT I G e A

(a) DI (b) D31
Ll

(c) D62

(d) D105

Es5 HwERANERESEL
Fig. 5 Evolution of morphological observation of

granular sludge in aerobic zone

45

\335
=
3330

£ 25

i
15
5
o LI 1 —

<0.58  0.58~0.8 08~125 125~1.6 1.6-2.55  >2.5
Hif 4y A fmm

B 6 5108 d RIFEXNFALTRIAZES

Fig. 6 Particle size distribution of aerobic

=]
=]
T T T T T 1 T

granular sludge on day 108

2.3.2 HfEEIX SVI K MLSS 724k

WEFE R v, X 5 R ) SVI AT MLSS 19
AARIEBLNE 7 Bras. 1 BB, 280 i 2R TG TS
PUTRENERE R IF (SVI M 45 mL-g "), BJ5 SVI AW
ETE, T BB A E) 250 mL-g ", T I AE B G h
WARIT KWMLK, WS 0E 1T T |
RN 5 7 A 22 R TR Y 2 R 0 A i R {H 3 Jo
WeFERE L LT A R AR 2 5 7= A 22 0R T I ik
B IL Y B PR R R TR 5, SVI B TR A1,
WRAFEEFE 45 mL-g ' LA, SB—J5H, MLSS 2
P T 96 BT T B AR Bt 25 0 5 B R] 64 A B 45
S UURETERE 22 10 | 47N A0 22 1A Y5 U 1 S DRI b ¥ ok
HH SO 2, TR BB 5 4 1 15 U0 DU 18K P o I 7
N ,MLSS Hy I BrBErtg4 500 mg- L' B2 11 i BEK
1 500 mg- L', BB EURT5 U ORI L. AR5
bk B COD FRUA M 1.5 ke- (m’-d) ~ 35
PERE 2.0 kg- (m’-d) " BEE 15 VR B AR BTUERL, 4
AX A5 e 7 far i 0.33 keged 'R E 1,33
ke-d ™' fESE T ORI TG VR AOIE . 5 2R TE MRS TR
AR, BORL TS U8 B A 85w 09 4% 5t B g, g 45 1y
COD 767 fof WA BY T 5004 75 U ve IR A% B BH
A25 5 51 K 2R TS e R K, DRI L B 42 i 41
XAER = 7K S 851 1 R i847, (22K 8 52 T 9k of
[ VS o Y TR [ 1 el = IR R 47 I N S [A =
P S PV A% A DB R S R £ AU B ke A, IR 7K
TIBFUIII AR T R0 AR A5 ok 2% 51, T e v
FEFH 1500 mg-L™" EFFE6000 mg-L~". BEAF (5
110 d) f50krim U 22 B 3R 5 aF i Dl R R R, 3
TR A 20. 8 m-h ',

I 1 11 v

7000 300
6000 |- + MLSS 4
- o " SVI i
T, 5000 |- . N
2 4000 [ " ot 3
% 3000 s ' 118
- [ + ;
= 2000 |m s LN 110”
* P
‘e, "
1 000 = LI S 50
0 1 1 1 1 1 0
0 20 40 60 80 100

7 WEK SVI K MLSS T IER
Fig. 7 Time courses of SVI and MLSS

2.3.3  WEIRITS R IE LR S M

FEARTIFF H DR T50 35 s [va) 4 6 1 AN R 2 £ 14 3
PEIE DA S AR5 2 (A WL A7 a2 R V5 YR T W i) 2
BLOK S )y, DR TUIERS R RIHY 2. 0 h FEAIK
] 0.75 h, UUVE M /Y9 2= 18 77 AL AH R B 0.7



2952 2N 5%

B 36 %

m - (m’-h) "EEE L8 m’-(m*-h) ', KEUIE
PERE 22 ORISR W DRI 1 R 585 53 oh, W 5E R W]
HRT 194555, 7T LURSEGE WIS 3R G W) (EPS) 1Y
72 A EPS X FRURL TS e 1 TE ORI RS G 4 5 LA
BRI R T 4 W R 0 ORI 1 497 401 T
N HEAER , T 22 W T SRy AR ) 1) 3R 4R B AL 24T

F A TR 25 M AR e . @A LI AF AKX
B ML faf AN 1.5 kg-(m3-d) THEEE 2.0
kge (m’+d) ™" Liu IR A AL R O TS R
MIEE A EEAEM, X5 COD &AM MK T 1.0
kge (m’+d) ~'AF o DL ORI TR AT

WA, K T3 B ) 2 b S BORLIE A — >
S PR 2200 by R A R B RO e R
E LIPS HE IEAHICOC R, BESUE UKL AY I R A2
. ATRGE L ARG Ve SRR, B T RO
g BE DY BRI, R AR T 2.6 mmesT!
T Liu 57 A A (9 4 S 0RL TS 6 1T DA TR 1Y i
IR ARG ; 76507, PR R B S a3 18T
HHINE] 4.3 mm-s ™ HEE TR DBV . RS
(¥ 7K F1 85 80 3 S A R I s v 8 2 R AR
TBURLTS Ve 20 A

AR 1 SRR 1B AT 4 D H I B B0k TS Ue
AMBBA A, S T R PR SR 00 45 g B %5 512
S0 I R AT RE R F A S R B 4 = () N B AT
fEAFAIURL TS U8 il A6 20 B LU (AN T 4t v, A g T A
FLV5 TR S5 a2 4ERE 2. X 5 de Kreuk 552
I Liu 252 A Ay i aof 76 4 S8 WORE N 8 SR 6 T 55
A RGNS BT W TT LA s B SUORE 75 Yl i A 1
FH—Z, IR R AT R B B FE ST,

3 i

(1) ABR-CSTR —A&4L T ZUTHE b HRT 7
2.0 h 4% % 0.75 h, REFIFEIX C/N 2h 2,COD %%
N2 Al 1.5 kg-(m’-d) "R B E 2.0
kge (m’-d) ', RGis1T 110 d J5, FEHE X )3k
53 BB IR B R T 8, U 25 M0 B0 | DR
AE R (P VLR # R R 20. 8 m-h™") B2 kKT
0. 58 mm AU IR 2 5 A EH) 95% .

(2) FEGFE X DLFERT[E] R 0. 75 h, COD &A1
42,0 kg (m*+d) "'H5MF T, ABR-CSTR —{£&1k
T EARB AW 0 A BRI, COD |, NH, -N |
TP #1 TN 19 £ Bk 3530 90% | 80% . 65% I
45%.

(3) PRI IIT 3 HsF (0] 45 et 1 AS W7 448 v 140 2 86 1 A %

25 5 AT WL BT R S SR IR 35 R P I 32 20K

3. Wehh, K 3591 ) g8 HOE i — > E B

PIER A W7 48 i A9 N A7 2 G 4 57 AR 18 47 1Y

JE A

B2k

(1] MR, E500 BKAEY B HoR—% 50 H
[M]. CBZRRD. dtnt: o ERER S R, 2006. 64-
69.

(2] xiscm, BI555, TH®E, 5. gbad e Bes ok s e I
THACYERE BT S [T ]. RS R 24, 2014, 34(2) : 396-
402.

[3] LiXF, Li Y]J, Liu H, et al. Characteristics of aerobic
biogranules from membrane bioreactor system [ J]. Journal of
Membrane Science, 2007, 287(2) : 294-299.

[4] AdavSS, LeeD]J, Lai J Y. Intergeneric coaggregation of strains
isolated from phenol-degrading aerobic granules [ J ]. Applied
Microbiology and Biotechnology, 2008, 79(4) . 657-661.

[5] Juang YC, AdavS S, Lee D J, et al. Stable aerobic granules for
continuous-flow reactors: Precipitating calcium and iron salts in
granular interiors [ J ]. Bioresource Technology, 2010, 101
(21): 8051-8057.

[ 6] Tsuneda S, Nagano T, Hoshino T, et al. Characterization of
nitrifying granules produced in an aerobic upflow fluidized bed
reactor[ J]. Water Research, 2003, 37(20) ; 4965-4973.

[ 7] FE@, FAKRF, B3k, 5. I EU00R5 U6 Ak 3 M Tl B2
AKPRAHUKIBRBERFERTTE [ T]. FRBERE, 2012, 33(4)
1293-1298.

[8] HERABAR SR KRR M S Hr k[ M]. (381
). dbm: b EPRERRE AL, 2002.

[9] Wang Q, Du G C, Chen J. Aerobic granular sludge cultivated
under the selective pressure as a driving force [ J ]. Process
Biochemistry, 2004, 39(5) ; 557-563.

[10]  ZRBL, XN, BRaRmE, 5. DSRS0 -5 4 A Tl
HuAL PRAHT AL TR TS K IR A AT [ T]. AKAL IR, 2014, 40
(12): 95-99.

[11]  XU/NGE, RE, EhJka, 45, [RI25 00 o Bk i J0R T3 Y fil Ak )
AR IR T [ 7], BRERLE, 2014, 35(1) : 214-220.

[12] ZRag, MBI, E£20K, % WRE A>/0 TZ7EMREAR
RO TRNSTAITE[T]. P E %K, 2014, 30(13) .
64-68.

[13] SRR, LD, s, . A2/0 T A MR BRI SRR 5T
[J]. Z7KHEK, 2003, 29(3) : 22-26.

[14] Htalfe, BUINT, WAL, . BRSBTS R HIREPERE X 24
R BSE M (], fe T4, 2011, 62 (12): 3471-
34717.

[15] IR, 2082, (RiEme, 5. 4F U0 TS e T hd i 52 i DA
FERSLALI]. PESKHEK, 2005, 21(10) - 31-34.

[16] REK, FHEER. RE/AFEIBAT 7 0 B0k I8 i i 5
)], PEREER, 2013, 33(7) ; 1237-1243.

[17] LiuY, YangSF, Liu Q S, et al. The role of cell hydrophobicity

in the formation of aerobic granules[ J]. Current Microbiology,



ABR #5 CSTR — AL T Z 4 S WORLTS YR AL i B FEBR 5 R BERIT 52

2953

[20]

[21]

2003, 46(4) ;. 270-274.

Fa, BRI, 3 E AR PR I EUNORL TS e Y
[J]. J3ERl2E, 2003, 24(4) : 99-104.

Tijhuis L, van Loosdrecht M C M, Heijnen J J. Formation and
growth of heterotrophic aerobic biofilms on small suspended
(11
Bioengineering, 1994, 44(5) : 595-608.
VRIS, R, R, . SR RUBURLTS U it 5 37 KO ]

particles in airlift  reactors

Biotechnology ~ and

RWTTCHERE )], BEB S ER, 2013, 36 (12M) : 173-
178.

LiAJ, YangS F, Li X Y, et al. Microbial population dynamics
during aerobic sludge granulation at different organic loading rates

[J]. Water Research, 2008, 42(13) ; 3552-3560.

[22]

[23]

[24]

[25]

Adav S S, Lee D J, Lai J Y. Biological nitrification-
denitrification with alternating oxic and anoxic operations using
aerobic granules [ J ]. Applied Microbiology Biotechnology,
2009, 84(6) : 1181-1189.

ZRikAe, TR, RAS, S AFRETS IR BUR S R TS K b
BURRERFIT )], BREERE, 2010, 31(3) ; 738-742.

de Kreuk M K, van Loosdrecht M C M. Selection of slow growing
organisms as a means for improving aerobic granular sludge
stability[ J]. Water Science and Technology, 2004, 49 (11-
12) . 9-17.

LuY Q, Wu W W, Tay J H, et al. Formation and long-term

stability of nitrifying granules in a sequencing batch reactor[ J].

Bioresource Technology, 2008, 99(9) : 3919-3922.



HUANJING KEXUE Vol.36  No.8

Environmental Science ( monthly) Aug. 15, 2015

CONTENTS

Characterizing Beijing’s Airborne Bacterial Communities in PM, sand PM,, Samples During Haze Pollution Episodes Using 165 rRNA Gene Analysis Method «+:eseseeeereseerersesinssicninsnen
WANG Bu-ying, LANG Ji-dong, ZHANG Li-na, et al. (2727
XIONG Qiu-lin, ZHAO Wen-ji, GUO Xiao-yu, et al. (
CHENG Jing-chen, CUI Tong, HE Wan-qing, et al. (
+ FAN Shou-bin, TIAN Ling-di,ZHANG Dong-xu, et al. (2750
(
(

Distribution Characteristics and Source Analysis of Dustfall Trace Elements During Winter in Beijing

Pollution Characteristics of Aldehydes and Ketones Compounds in the Exhaust of Beijing Typical Restaurants

Emission Characteristics of Vehicle Exhaust in Beijing Based on Actual Traffic Flow Information -

Chemical Compositions in PM, 5 and Its Impact on Visibility in Summer in Pearl River Delta, China YANG Yi-hong, QU Qun, LIU Sui-xin, et al.
Health Risk Assessment of Tunnel Workers Based on the Investigation and Analysis of Occupational Exposure to PM|reeeseeeseseereseeneese XIANG Hua-li, YANG Jun, QIU Zhen-zhen, et al.
Analysis on Emission Inventory and Temporal-Spatial Characteristics of Pollutants from Key Coal-Fired Stationary Sources in Jiangsu Province by On-Line Monitoring Data »«++eeeeseesreseeees
ZHANG Ying-jie, KONG Shao-fei, TANG Li-li, et al. (2775)
Hydrogen and Oxygen Isotopic Compositions of Precipitation and Its Water Vapor Sources in Eastern Qaidam Basin 7HU Jian-jia, CHEN Hui, GONG Guo-li ( 2784 )
Distribution Characteristics of Sedimentary Pigments in the Changjiang Estuary and Zhe-Min Coast and Tts Implications «+«+sesseseeseeresnesennenseeenes LI Dong, YAO Peng, ZHAO Bin, et al. (2791)
Nutrients Input Characteristics of the Yangtze River and Wangyu River During the “Water Transfers on Lake Taihu from the Yangtze River” - -
............................................................................................................................................................ PAN Xiao-xue, MA Ying-qun, QIN Yan-ven, et al. (2800
WANG Long-tao, DUAN Bing-zheng, ZHAO Jian-wei, et al. (2809
Effect of Water and Sediment Regulation on the Transport of Particulate Organic Carbon in the Lower Yellow River -+ ZHANG Ting-ting, YAO Peng, WANG Jin-peng, et al. (2817
Concentration and Source of Dissolved Organic Carbon in Snowpits of the Tibetan Plateau ««+:«+sessesseseesenensenisinensisenns YAN Fang-ping, KANG Shi-chang, CHEN Peng-fei, et al.

Variations of Inorganic Carbon and Iis Impact Factors in Surface-Layer Waters in a Groundwater-Fed Reservoir in Karst Area, SW China -

Pollution Characteristics of Surface Runoff of Typical Town in Chongging City «++eeseeeseereereresemenenenineneneinens

)
)
)
)

Modeling the Influencing Factors of Karstification and Karst Carbon Cycle in Laboratory «+«eseeseeeeseseserseesenenssninnenns

Distribution Characteristics and Ecological Risk Assessment of HCHs and DDTs in Surface Water Bodies in Xinxiang

(
; an (
+ FENG Jing-lan, YU Hao, LIU Shu-hui, el al. (2849)
Comparison Study of the Alkanes in Different Aquifer Medium Under Qingmuguan Underground System «sveseoeseesesesesesesesennes LIANG Zuo-bing, SUN Yu-chuan, WANG Zun-bo, et al. (
Spatial Distribution Characteristics of Different Species Mercury in Water Body of Changshou Lake in Three Gorges Reservoir Region ««+esseseersesseesiemenenniinienniiininns

............................................................................................................................................................ BAT Wei-yang, ZHANG Cheng, ZHAO Zheng, et al. (2863)
Influence of Marine Aquaculture Around Coal Power Plant on Mercury Species Change in Aquatic Ecological Environment «+-++++++++-++- LIANG Peng, WANG Yuan-na,YOU Qiong-zhi, et al. (2870)
Using 8%%-502 ~ and §'N-NO;", §'0-NO;™ to Trace the Sources of Sulfur and Nitrate in Lihu Lake Undergound Water, Gudngxl China «=ssereeees LI Rui, XTAO Qiong, LIU Wen, et al. (2877)
Ecological Effects of Algae Blooms Cluster; The Impact on Chlorophyll and Photosynthesis of the Water Hyacinth +++ LIU Guo-feng, HE Jun YANG Yi -Lhong, et al. (2887)
Influence of Natural Dissolved Organic Matter on the Passive Sampling Technique and Its Application i( )
Adhesion Force Analysis of Protein Fouling of PVDF Ultrafiltration Membrane Using Atomic Force Microscope ++ WANG Xu-dong, ZHOU Miao, MENG Xiao-rong, el al. (2900)
Influence of CNTs on Photodegradation of Salbutamol in Water Environment -+ = WANG Qi, HAN Jia-rui, WEI Bo-fan, et al. (2906)
Preparation of B-In,S; and Catalytic Degradation of Oxytetracycline Under Solar Light Irradiation «+s+essereesesseenessrisnsnesnnnnees Al Cui-ling, ZHOU Dan-dan, ZHANG Rong-rong, et al. (2911)
Nitrogen Release Performance of Sediments in Drainage Pipeline CHEN Hong,ZHUO Qiong-fang, XU Zhen-cheng et al. (2918)
Analysis of Precipitation Formation in Biofilm CANON Reactor and Its Effect on Nitrogen Removal FU Kun-ming, WANG Hui-fang, ZUO Zao-rong, et al. (2926)
Optimization of Energy Saving Measures with ABR-MBR Integrated Process —«+eessereeeseremenenesisnenenninnis e WU Peng, LU Shuang-jun, XU Yue-zhong, et al. (2934)
Abundance and Community Composition of Ammonia-Oxidizing Archaea in Two Completely Autotrophic Nitrogen Removal over Nitrite Systems »++-+++*
............................................................................................................................................................... GAO Jing-feng, LI Ting, ZHANG Shu-jun, ef al. (2939)
Formation Mechanism of Aerobic Granular Sludge and Removal Efficiencies in Integrated ABR-CSTR Reactor »++veeeseeesesresvsnssnsinsnen WU Kai-cheng, WU Peng, XU Yue-zhong, et al. (2947)
Distribution Characteristics and Risk Assessment of Organochlorine Pesticides in Surface Soil of Pearl River Delta Economic Zone ««+:«+stssessesesesesenssisnenennnn DOU Lei, YANG Guo-yi (2954 )

Risk Assessment of Heavy Metal Contamination in Farmland Soil in Du’an Autonomous County of Guangxi Zhuang Autonomous Region, China »«+«ssesserrerseememenensenincnennsininennnnen
.................................................................................................................................................................. WU Yang, YANG Jun, ZHOU Xiao-yong, et al. (2964)
Assessment of Heavy Metal Pollution and Its Health Risk of Surface Dusts from Parks of Kaifeng, China «+:+seeeeeeesereeseeiesesenees DUAN Hai-jing, CAI Xiao-giang, RUAN Xin-ling, et al. (2972)
Responses of Soil and Plant "N Natural Abundance to Long-term N Addition in an N-Saturated Pinus massoniana Forest in Southwest China -
......................................................................................................................................................... LIU Wen-jing, KA[\G Rong'hua, ZHANG Tingy el al' (298] )

Latitudinal Changes in Plant Stoichiometric and Soil C, N, P Stoichiometry in Loess Plateau — «ereeoeeeererersessiemeneneinnnienn LI Ting, DENG Qiang, YUAN Zhi-You, et al. (2988)
Open-top Chamber for in situ Research on Response of Mercury Enrichment in Rice to the Rising Gaseous Elemental Mercury in the Atmosphere ««+:«+ssssesseersesenenssnimenennsnininsnne

""""""""" CHEN Jian, WANG Zhang-wei, ZHANG Xiao-shan, et al. (2997)

Y *++ ZHENG Wen-jun, WANG Ming-yuan (3004 )

Impact on the Microbial Biomass and Metabolic Function of Carbon Source by Black Soil During Rice Cultivation «+»«esessesrereesessesnene ZHAO Zhi-rui, CUI Bing-jian, HOU Yan-lin, et al. (3011)

Effect of Decomposing Products of Immobilized Carries on Desorption of Pyrene in Contaminated Soil +«+++weeesesresnesssessnnenen TONG Dong-li, SHUANG Sheng-qing, LI Xiao-jun, et al. (3018)

Solidification/Stabilization of Chromite Ore Processing Residue (COPR) Using Zero-Valent Iron and Lime-Activated Ground Granulated Blast Fumace Slag """"""""""""""""""""""

.................................................................................................................................................................. YANG Rong, LI Hung-bo, ZHOU Yongli, et al. (3032)
Improving Agricultural Safety of Soils Contaminated with Polycyclic Aromatic Hydrocarbons by In Situ Bioremediation ««+-«+sssseseeeees JIAO Hai-hua, PAN Jian-gang, XU Sheng-jun, et al. (3038)
Competence of Cd Phytoremediation in Cd-OCDF Co-contaminated Soil Using Mirabilis jalapa L. «+++++t-vevseeesesnesnssnssensinininsineninnenes ZHANG Xing-li, ZOU Wei, ZHOU Qi-xing ( 3045)
Effects of Soil Moisture on Phytoremediation of As-Contaminated Soils Using As-Hyperaccumulator Pleris vittata L. +++=++veveseeeeeveseeees LIU Qiu-xin, YAN Xiu-lan, LIAO Xiao-yong, et al. (30356)
Effects of Phosphate Rock and Decomposed Rice Straw Application on Lead Immobilization in a Contaminated Soil +:«+xtsveeeeesesneeeseneens TANG Fan, HU Hong-qing, SU Xiao-juan, et al. (3062)
Residue and Degradation of Roxarsone in the System of Soil-Vegetable -+ SHAO Ting, YAO Chun-xia, SHEN Yuan-yuan, et al. (3068 )
Acute Toxicity and Safety Assessment of Three Typical Organic Pollutants to Two Aquatic Organisms «+«+:++=+++++ » YANG Yang, LI Ya-jie, CUL Yi-bin, et al. (3074)
Effects of Oil Pollutants on the Performance of Marine Benthonic Microbial Fuel Cells and Its Acceleration of Degradation «««+«+-=+-+++- MENG Yao, FU Yu-bin, LIANG Sheng-kang, et al. (3080)
Microwave In-situ Regeneration of Cu-Mn-Ce/ZSM Catalyst Adsorbed Toluene and Distribution of Bed Temperature —««+-++sesseseesessesseseens HU Xue-jiao, BO Long-li, LIANG Xin-xin, et al. (3086)
Impact of Thermal Treatment on Biogas Production hy Anaerobic Digestion of High-solid-content Swine Manure =«+xexsseeseesesvsesensinenen HU Yu-ying, WU Jing, WANG Shi-feng, et al. (3094 )
Impact of Phosphogypsum Wastes on the Wheat Growth and CO, Emissions and Evanuation of Economic-environmental Benefit L1 Ji, WU Hong-sheng, GAO Zhi-qiu, et al. (3099)
Status Quo, Uncertainties and Trends Analysis of Environmental Risk Assessment for PFASs «+eereeeeeserensersinensiiinnn HAO Xue-wen, LI Li, WANG Jie, et al. (3106)




£ .

CGrER=ZNE 6

K FH H

BIES: B RE BN

EHREZERS

%OE. (REREEHT)
TENL  FAERE FIE F44r H O N H O OF L
S, o == =
AOKE KEE X s w0 RS ARE
— N - N =
PRFHAZT  BAE 22 Ak AR WEE Bokd &
B B9 W N W W BIEK
-
w o a3 ENVIRONMENTAL SCIENCE
( H};J{AJ‘NJINC;;‘: KE)ﬁ(JLTJJE) (Monthly Started in 1976)
(HHl 1976 4% 8 UREID)
01548 B 15 H #36% Hsi Vol.36 No.8 Aug. 15, 2015
= & hEPFERE Superintended by Chinese Academy of Sciences
F i PEPB AR SR O Sponsored by Research Center for Eco-Environmental Sciences, Chinese
e 7 (USSR RF) Academy of Sciences
A6 50 T B 08 A5 P R 2R R 5Y B Co-Sponsored by Beijing Municipal Research Institute of Environmental
A = - - Protection
e % KK [ School of Environment, Tsinghua University
i Editor-in -Chief ~ OUYANG Zi-yu:
. BAREAE) G E RS Ed;t:(: } ) by The Editori ll}]l:omd f Envi tal Sci (HUANJING
L0l 2871 {2548 ( T D DL B y e Editorial Board of Environmental Science >
18 5, MR 4% : 100085 ) KEXUE) )
M1 .010-62941102 .010-62849343 P. 0. Box 2871, Beijing 100085 , China
4§E:010—62849343 ’ Tel :010-62941102,010-62849343 ; Fax:010-62849343
E-mail ; hjkx@ rcees. ac. cn F-mail :hjkx@ ‘rcees. ac.cn
http : //www. hjkx. ac. cn http://www. hjlex. ac. en
H KR 44 3 " " m Published by Science Press
b AR L 16 =) 16 Donghuangchenggen North Street,
WS . 100717 Beijing 100717, China
EN Rl 3£ 4T dtmcdbAkEpRI Printed by Beijing Bei Lin Printing House
% 1T 4 4 & K i Distributed by Science Press
35 .010-64017032 Tel :010-64017032
E-mail ; journal @ mail. sciencep. com E-mail ; journal@ mail. sciencep. com
iT M l 4= [E 45 Hu ik F Ry Domestic All Local Post Offices in China
Eih 2L r ] [ B 52 5 VA ) Foreign China International Book Trading Corporation ( Guoji
(b3 399 f54H) Shudian) ,P. O. Box 399, Beijing 100044 , China
—erim  ISSN  0250-3301 s f =
7N | —_————— = 2=
RERETS: 1805 x EREZ RS 2-821
B A E fir:120.00 T ESEZITRS: M 205

BRSNS FET



	上部Binder1.pdf
	环境科学15-08封面.pdf
	中文目录－ hjkx1508-2.pdf

	20150830.pdf
	下部Binder1.pdf
	英文目录－ hjkx1508-3.pdf
	封底－ hjkx1508.pdf




