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TR HWTFE AR WA AL R G ARE T R SR AT 1 kg (m® -d) ~" ] HIASIR] 0 XSGR SR T R ST LEE AT
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FA 1 DO HYBCEAMHIFN FNA F1 DO (14 X 300 ] 249 77 18 B 52 30 v 2 B K B Y &R 20 LA AL, HH K NO, -N/NH, -N423T 1,
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Comparison of Operating Performance of Partial Nitritation Systems with Two

Different Inhibition Strategies

LI Hui-juan, PENG Dang-cong, CHEN Guo-yan, WANG Bo, YAO Qian, ZHUO Yang

(School of Environmental and Municipal Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, China)

Abstract: Two SBRs which were under high ammonia loading [ 1 kg-(m®-d) ~'] and different dual inhibition with feed-batch were
employed to study how to control the stability of partial nitritation system. The experimental result showed that the dual inhibition of
FNA and DO or FA and DO could implement partial nitrification process at 35°C + 1°C and the ammonia concentration of 1 000
mg-L"". The effluent NO, -N/NH, -N ratio was about 1, and the effluent NO; -N concentration was close to 0, which was suitable for
the appropriate influent for the ANAMMOX. In R1, under the dual inhibition of high FA and low DO concentration, the nitrite
oxidizing rate was reduced from 28. 16 mg+ (g-h) ™' to 0.3 mg-(g-h) ™' (calculated as NO, -N, the same as below). The ammonia
oxidizing rate decreased by 43. 60% , which was stable at about 20 mg-(g-h) =" ( calculated as NH, -N, the same as below). In R2,
under the dual inhibition of high FNA and low DO concentration, the nitrite oxidizing rate reduced from 12.37 mg-(g-h) ™' to 0. 02
mg+(g+h) ~'. But the ammonia oxidizing rate remained at a higher level [45 mg:(g-h) ~']. Comparing the nitrification performance
of the two SBRs under different control strategies, the dual inhibition of high FNA and low DO concentration had the advantages of short
cultivation period, high biological activity and stable operation. It is therefore more suitable for the achievement of the partial
nitrification.

Key words ; dual inhibition; partial nitrification; high ammonia nitrogen ; sequencing batch reactor (SBR) ; free ammonia (FA) ; free
nitrous acid (FNA)
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Table 1 ~ Wastewater composition

Hoy ¢l
T2 0 ~200 mg-L"!
NH, -N (NH,Cl) 25 ~1000 mg-L~!
PO~ -P (KH,PO,) 5 ~200 mg-L~!
Ca%* 7 mg-L~!
Mg?* 8 mg-L™!
NaHCO, NH, : HCO; Ky 1:2
T TR IE R 0.05 mL-L"!

R2 WMERRAH

Table 2 Microelement composition

5 ol S i
/mg-L /mg-L
CuCl, -2H,0 0.035 CoCl, -4H,0 0. 88
NiCL, -6H, 0 0.036 H;BO, 0.1
EDTA 0.05 ZnS0, +7H,0 0.1
MgSO, -7H,0 5 MnCl, -4H,0 0.5
FeCl, -4H,0 6 (NH, ) MoO, -4H, 0 0. 64

1.3 Wik
1.3.1 HEHIEIR T

AHFFE T, NH, -N R FH 99 FGR 39 20 060k B 12
NO,; -N R H N-(1-Z8 3£ ) -2 = B 4y Ot 6 B i,
NO; -NR &AM 6 M6 BE 1 5 DO - A 4 iy £ 48 X
A pH : T W% PHS-3C & pH i1 ; MLSS il MLVSS
K E B FA I FNA s (1) ~ (2) 1t
%[26] .

17 10" .
FA = 4 @y . x[NHI-NT - (D)
e 273+T + 10pH
47 1 _
FNA = 70 —zmy % [NO;-N]  (2)
e 273+T x 10})11

1.3.2  HEARTA A IS PR

FHAAWZ A3 R (OUR ) 1 R AE R AL T8 A5 o7
BiSAL TR A OUR  FH 5 ot 40 Ak R P T W2 199 A 40 79 5
SRR WRE R R B LiS IR AW, 1E 35°C
+ 1CEMTRABES(2 h). BRESHRE, HHS
SE THAS 500 mL ] H R HERE 105k — g B E
DO BEHT a4 22 1017 50, R O D0 A5 A 4 9 R 40T
FEHUR(OUR). Hrp—f i A NaNO, ¥ (NO, -N
WP 30 mg- L") ,ic 5% DO A4k A5V A AR 3 i
W (NUR) . 55 — 1015 Je ik b Hhoin A NH, HCO,
PR (NH, -NHJE } 20 mg-L™") #10. 02 mol-L™"fY
NaClO, (#111i] NOB & 5NO, -Nf &bt #2) , id 7
DO B4k, MAFZ W FE (AUR) . X455, 4
S MLVSS , P53 A Ak B 535 .

1.3.3 7 6 TR A 4 32 ( fluorescent in  situ
hybridization, FISH)

FE i Y004 34 BB N A 1 TS U 2 mL, B0
(10000 r+min~")5 min, % FVEW, A 1 x PBS 2%
AW 1 mL R ERBEMIRE, A 1 mL ()
4% Z RS W A CE 4°C N EE 3 h, fli 40
TEAREE. SRIGE, Mk B, A 1 x PBS %
WA 1 mL B0 5 min, e R ZRNEZ R F BT
FEEAE3 R &G, IMARELE A 1: 11 1 x
PBS ZZ i IR TCK 1 F2 51 8T - 20°C IR A7

WA FNAL2E . B 4% 22 58 W [ 2 s ) 95 1

o, SRR T E&WRTH R B3 R b, 2
3APATHE TS AORE AR 50% | 80% | 95%
f) L BEVA TR AS V5 0 3 min X 200 AT B 7K B IS
KA. B 2 mL 4438 %% #P I (SDS 10% , Tris-HCI 1
mol-L ™" ,NaCl 5 mol-L™", 2% F H Wt %, ddH,0).
P ICTE K BC B 25 ng - wL ™ AOERET 52458 2% vl
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FRARFRLL 1: 8IR A W0 R, B i 4R i i A
46°C TR 5 min. REFRIAR 1 2% A8 28 MR AT 7E A28
BNITIFKAC L, H R Z LR S TS o B i
LAb T 2238 G MR AR ISR T e [ A o 1) 2%
i TAZRAS R v AE 46°C i B R 8. BL9 uL
BISTABYE A B RS TR SR R R
RIS T TE 46°C G244 38 2 ~ 3 h. Z4ac4h

Jo B B PR I TIUER S 4 b 2% v (SDS
10% , Tris-HCI 1 mol-L™" NaCl 5 mol-L™", ddH,0)
H 46°C K 10 min J5 FH 4°C vk sh e RE &, T Baks

tESRT. Zead KT R RE B R OGS R
H W (Leica TCS SP8) A TSR,

IR AT R . B4R . B AOB HLEL NOB 73
515% H EUBmix , AOBmix 1 NOBmix ; 22 4k B F1F
AR 48 A A DG 3 B AR SR JH Nsm156 . Nsva43 | Nit3
Ntspa662, A 43 Jl #& W W f§ b B Ml
( Nitrosomonas) . WW.HEALIEIE B ( Nitrosospira ) | gtk
FFE& ( Nitrobacter ) FAE AL TE I ( Nitrospira ) , VA I 4
TR B Ay T A8 30T 75 7K A Al A ] BE A L34
FRRE. A FMRET DU TEAN (S BULER 3.

R3 BOLEA I U B A AR 4L B P R YR E
Table 3 Probes for nitrifying bacteria in FISH

WE A5 RNA 751 (5'-3") FRIC B s SCHk
Eub338 GCTGCCTCCCGTAGGAGT

Eub338 1 GCAGCCACCCGTAGGTGT Real bacteria [28,29]
Eub338 1l GCTGCCACCCGTAGGTGT

Nsol225 CGCCATTGTATTACGTGTGA Betaproteobacterial . [30]

ammonia-oxidizing bacteria

NEU CCCCTCTGCTGCACTCTA xﬁ;ﬂiﬁﬁf’;}fm halotolerant [31]
NmV TCCTCAGAGACTACGCGG Nitrosococcus mobilis [32]
Clusterba 192 CTTTCGATCCCCTACTTTCC Nitrosomonas oligotropha lineage [33]
Ntspa662 GGAATTCCGCGCTCCTCT Nitrospira [34]
Nit3 CCTGTGCTCCATGCTCCG Nitrobacter [35]
Nsm156 TATTAGCACATCTTTCGAT xz;z:zg‘zz: ;t‘;)L i [30]
Nsv443 CCGTGACCGTTTCGTTCCG Nitroso-spira, -lobus, -vibrio [30]

2 HFR5ITE

VA R1 817 T 200 d, 43 0 & HE R 57 (72
d) FHMEl (128 d) BB B R Bi#% R2 3517208 d,
EAERFETL A, BERME 137 d. BEERRRE N TR
G UeH AOB Fl NOB YR B, DA E7E 30 il By BE
WA IRIS AR R I S S A . BE BRI B B i H 1Y
2R H 2 A0 ] FBrak 21V IR NOB, ff AOB 1K
RHEE.

P IR B, 3 2 B A5 K K R R] Y
B HEAKNH, N B2, 2 7K A [ il 2 7K e 5 AR b
L% 4. YE K NH, -N V& JE 70 3 4 5 s, SR FH 1B Bisf
K25 B K G R NH, NV BE o 5, a0 SRt A
SV A NTRA TR pH B 15 FA XS A TR Y
P 2020 R, Rl i K 45 TR NH, N N
30 mg- L™" 2247, AR 4 2 /K NH, -N e J3E 2% 3 2 < idF
FKIFTE] ) e 25k % 22 3F /K ( Feed-batch ) 1) 77 5.
R2 SRS R1 AR kK 7 3K, DLsE G i Ab B 2 5
T, A i A A PR R A A A A IR IR S P

ERALH I H . A Z A 7E TR £ RS R+,
R1 5 A RIE 7K NH,-NKNO, N BE A A%
AR T R2 AR AR H 7K 2 S0 JE AL AR K
[ 2% A1 1, R df HE K NH,-N v JE 42 1 2 1000
mg- L™ FFLE I A T ST

R4 REBHAR DL

Table 4 Feeding time changes of the two reactors

RI EITAE R2 BATHAE okl BEKE R
/d /d /h /mg-1"!
1~8 1~6 0.25 25 ~ 100
9~25 7~8 1 100 ~200
16 ~26 9~12 2 200 ~400
27 ~56 13 ~28 4 400 ~ 800
57 ~200 29 ~208 6 800 ~ 1 000

2.1 VaRisdT KA PRAUR

FEE R IR B, iE K S A BE N 25 mg- L'
B F 1000 mg-L~", A AF#EHl DO Ry 2 ~3
mg-L™",SRT K 15 d. B 1 FE 2 KA R1 K&
R2 &SRR, M 1(a) . B 1(b) Al HIFEE i
KA SE I AN AOB . NOB [A] 4 K NH, -N &%
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NO, -NfJ £ B R ik 5] 999% LI I, H 7K NH, -N
NO, -N¥& 43 A EAE 2 mg+ L' Fl 1 mg-L™' AR,
N AT 5E A A RN, Bhad R RS 72 d. R
I R2 5 B0 1, 2 7K 0 R e BE B AT %% ik SeL Tk
BERS T NH, -N K NO, -N ) Br %1k 98% LU I+, i
JKNH, -NJENO, -Nik B4 BIFEAE 1 mg-L ™' F10.2
mg-L™ LU, R #Rkb T 58 42 fif 1k, AOB Al NOB ¥
UK. WA FEK A R PR, S 9
d FFiR, 1K NO, -NFF i AR B 245 22 d i, K
NH, -N¥&JE K 750 mg-1.~", 7K NO, -N¥# & ik 415
mg-L~" JLET FNA WA E) 0. 14 mg- L', im i
F FNA Xt NOB A I {4 (0. 023 mg-L~") 7', H
T FNA X} NOB (#ifilfEH , 53 NOB 936 PEHr4k
FEAG, K HINO, -NUR B2 i — 20 T, RN #5734
NO, -NFFRRIK 60% LU [ WK 2(b) ]. ML
WRERY FNA 23 pINO, -NFL R FE N K, 78 HAtb
SAAAEREN T, RGTE FNA B HIVE A T 528
TRZEMNO, -NFLZ,

FEIDIBY B, FE R A AR AR 255 T Uk
/NN A R B BEACRE, 9 DO A 1 ~2 mg-L7".
H T AOB X489 3% A KT NOB™ ™) | v it A e

Je AOB FIFH , 7K NH, -N¥e B LA 4 5 AR 48 | i
NO, -N#EZ Wi T, 2 78 d A, HKNO, -Nk &
h184.27 mg-L~', XA FNA ¥ B 35 3] 0. 14
mg-L ", #id FNA X NOB # 6 f9 Bd { >, it it J2
Nies ) NOB 52 DO il FNA (1) XU #1 #1, 5 3%
NOB WIS PERFEE R, K NO, Nk EEFL R, 85
d J& , 4R S/ NS i, 4500 DO 7E 1 mg-L™' DI,
ULEF, AOB 22 % DO MBR I, 16 M/, K NH, -N
WEEZ Wi T 5 . pH B Fh i, X RE ) FNA kB2 K
REA, T FA VP TR, 290 d B, FA MR 3
#id FA X NOB #1) B { (40 mg-L~") "' jfij FNA
V1R 5 UL EC A 1 400 il e B BRI [ BT 1 () ], 0
i, NOB £ % %] DO A1 FA A XU E #1061 [ K 1
(a) ], K HFNH, -N/NO, -NHEIT 1, 3840 W At fk i
L. X T nias R2,BEE RER)iafr,NO, -N
FRERIFIA T, HKNO, NV AL, NO, -NYe Ji
FhiEn, 55 69 d BFENO, N R F T (% % 449 , 3% i W
NOB X} FNA Jr 7= Az (4l /6 H B AT 3G k. R
TERRE FINO, -NB & FE A S A G L T,
NAHaAT R 71 d B Js /N EE AR, 5 0H DO LT,
HAR AOB XA 1 25 A1 KT NOB  (HAE AR i 4

DO 2-3mgL?! DOI-2mgL’! DO 0.5~1 mgL™!
Il 1
1200 . I z
—o— JHANH N ! (a)
1000 2y
L 800
£
£ 600
£
# 400
200
0 A o
12 - 120
] (b)
_ Lok oo PODO—0-0-0-0"0-0-0-0-0000050% — 100
= —o— AR E R £ "
< 08r —— R R 1 &
% 06 —— TRtk A A {e0 &
éf P
= 04 . H
*® 0.2
S 10
80
- oo -8
260 B
19%
®o4 - 4 4 f‘:
ﬁ =
3
=20 F 4
0 Jo

i f)/d
(a)#t, H/KNH, -N, NO, -N, NO; -NHi2EAL ; (b) #E/K S, WA AU iR |

TR BRI AR 1K 5 (o) ERLES A FA I FNA YR B2 B 7K pH i A8 4k
El1 Rl REFEITHR
Fig. 1 Performance of R1



5

FHEIRSF

o PPN R0 SRS 20 M Ak R GEas A TR LR

2001

(5T, AOB 11 3% 4 th 7 3 BRI, 220 20100 Ak ik
RN, B K NH, N e B R ok pH (T
. MBIk pH THEA & FA X AOB (M|, shos ik
K NH, 5 HCO, Hfi], ARUE R GE pH 4EH57E 7.0
Zedi. MEE FE FNA 1 DO AR R [ K 2

(c) ],NOB itz B4, REENO; -NA: 38
TF&,NO, -NFLERTH . isf7E 128 d i, KRG H
JKNH, -N ¥ i g 406.77 mg-L~", NO; -N ¥ & Ny
578.74 mg-L™" | MINO; -N¥JEH 25. 17 mg-L~" [ /4]
2(a) ], oAy A S B

. DO 2-3 mg-L™! | DO 0.5~1 mg-L™! |
1200 | : '
| (a)
1000 - bfine-o-0-0 el WbooaFbo—co-ondRme-coftmpSudnlin o
T, 800 L | —o—jKNH N —e— iikNO,-N
® i —o— HKNHy-N —a— HiKNOy =N
£ 600 |- p o
£ Thn | Sadd™ s a0
% 400 ” . Vet *“" S laghgs
200 R
0
1.2 : ® 120
_ 1.0 ; %{?—ommﬁmwm @ — 100
S 08 - ‘{Z/r«.\ P o GIKEEAE  —e— WRREERE 150
E SP‘ 1 | —e— R AR a %
B 06 ““‘h‘ﬁf‘ 460
2 ool S . AT A 131}'*_ o 8
g o
02 ! .\1& - 20
0
=10
0.8
T ds
’ 0.6 &
o E 16z
£ = 5
= 4 |, ¥
% = 14 =
< &
= 02 = |,
0 Jdo

(a)#E, HKNH; -N, NO; -N, NO; -NJii 24k ;
T A A AR | S AR RIS AR AE ; (o) SN gR A FA FT FNA YR EE Kt K pH i 284k
B2 R REFEITHR
Fig. 2 Performance of R2

(b) FEKEHA

2.2 ARSI R G A TR
Bl 3 SR g A W A B 2% P 5 e i) SAUR 5
SNUR ZZfERE 0. [ %% R1 $EFh 75 U8 i SAUR M
SNUR #H %F 8 A%, 43 5 4 3.15 mg-(g-h) ~' (LA
NH, -Nit, F[A]) #14. 88 mg- (g-h) ~' (LANO, -Nit,
T . BiE &R IR AT, BT B ) 75 P 20 i 1
i,z 72 d i SAUR M1 SNUR Y3k 3 T e mifi, %5
PERS IR B S T 12,10 F15.77 4%, 72 d I
G, bt DO BIFEAK, AOB K NOB 3 14 35 3% 21 )
il {5 AOB XF 4 By 3% #1 J1 K T NOB™¥ A it
NOB )3 152 21 @ E M), NOB Ak I A 21 %
B8/ AOB AL U, DT 30 T A
iz AR, 2 DO FEKH] 0.5 ~1 mg- L™, [ 45
5 SRT 4 10 d, ik NOB, R4t NOB A4 75 ik
— 3 B AR, # 105 d B, SNUR F& ik 2 0.94

mg- (g-h) ~' I8/ 96. 66% ;ilii SAUR M4 R G e K
WGP 45.33%  AEFRELE 20 mg- (g-h) T A
JNie% R2 38479 d J , SAUR 1 SNUR M %F
WY 5. 35 mg-(g-h) ' F15.30 mg-(g-h) '3 n 3|
12.37 mg-(g-h) "' Al 13.40 mg-(g-h) '. H T
MR R 15 NOB (75 5% 2] FNA 410 il 4/
B2 0.58 mg-(g-h) ', i AOB By 36 Ml T %
A Z B HIE R K G S, BT NOB X
FNA 1] (%) 38 1, He 306 1 328 i Pk &2, e R 1% i )
10.08 mg-(g-h) ™', ML AOB Y & A AL 1% T Ky
46.04 mg-(g-h) ~'. A71 d JFEA, BEE DO FIFEAL,
AOB J¢ NOB 1935t 432 240l {H T AOB X} 4
(3% 1 71 K T NOB, NOB 13 M 32 3] i 2 4 11
NOB 467 A 1 3 5 B B /N T AOB AL AW
NI T WA AR PR R 5 ] A ik



2002 2N 5%

Bt 2% 38 &

/L SRT A X} NOB Hy# Ik, REE NOB (3% P ik —
H K, 2 100 d BF, SNUR B M & £ 1.51
mg- (g-h) ™", BB IE VL) 88. 71% ;1 SAUR |
EFEAE 45 me- (g+h) ' A4, B 138 d B NOB & £

CESERE PR B
40 ¢ T

Rl

—s—SAUR
—a— SNUR

[}
=

SAUR. SNUR/mg-(g-h)"
= =2

Ly
1

=

i} ii)/d

1 1 T A NPy
0 30 60 90 120 150 180 210

%% 0.32 mg-(g-h) .

FH AT UL, 2 0 A Ok, PR B TR L P-4
S AT TE ROV s N ARAS T8 6 P A AL TS
U8, BT RAE M A A A

| WHSEE TSR B B
60 | .
R2
PR S
=
&
W 40 F
]
2
S 30
=
72
o 20}
2
7] 10
0 \l‘/ll |\—L—A—v“|n 1 A 4
0 30 60 90 120 150 180 210

i i)/d

3 WAKEIZEH AOB #1 NOB fiE |
Fig. 3 Changes in the activities of AOB and NOB in two reactors

2.3 #HorAEfk RS AOB Fil NOB %421k

J ;i AT 18] 2R FH FISH B2 AR 66 275 8
AOB F1 NOB it A2 L AT % . WA B g 45 76 )3
SIS RS S PR Ve A A A
RN B E A b g 5 fras. R1, R2 4%/ [
— TG KT SR DX AR i i TS R, $E R S e AN Ak
BERA S BAERN 4% . FEE &£ IR0 ot
A7, R1AE 72 d B A Ak PR 3% P i R, % B 1) i Ak
BBl 3k 2 0EH, AOB 1 5l 1 3k 21 A 410 B B0y

65.2% +1.23% ,NOB ik #| 16.77% = 0.78%.
R2 7F 20 d B NOB % f K, 29 o7 6l 41 1 £ i
8.3% +0.88% , 1 AOB 1E 136 d Bf $ i fix K, 4
H AN 73.71% £1.58% . TEIMHINY B, B
#H DO R R AR, NOB Ay 34 K 32 4 i, Hok
IR T . ARG B B S 1, FISH A il 25 SR
R ILTMELAE] NOB 9856155, U B A 2
Mg 1 NOB JL T 8 58 4= 1 Ik, AOB 1k 1 3
ki

x5 SREPHEALESSHAHHNESLL

Table 5 Percentage of nitrifying bacteria in total bacteria count of the sludge

S % JE il % HEEIR % WG %
AOB 1.73 £0.83 65.2+1.23 40.20 £1.58

Rl NOB 2.94£1.15 16.77 £0.78 —
AOB +NOB 4.69 £1.08 81.97 +1.61 40.20 1.58
AOB 1.82 £0.67 73.71 £1.58 70.21 £1.08

R2 NOB 2.45 +1.09 8.3 x0.88 —
AOB +NOB 4.27 £1.98 82.01 +1.46 70.21 1. 08

2.4 PP i SR s 45 5 LU A A b

DL 25 SR e B P ARR R ] 42 1 R s T AR A
SEBER AR AL, 7K K BT 2 ATl IR AR R AR
MR K EER . AR AN 2N 25 2R F A 1 3w A
[F], (A5 20 UAS A SC B0 3 R vl s 7 4 1438 17 e
K RGP A AR 5
2.4.1 ¥R F S

P TR A A TR 1Y) BB e/ | AR R G
PRI, HE B 50 20 o 1 75 7 Ak L) 358 47 75 8 v
B EEAR (4% ~6% ). R1 KM E £/ I: 7R
EAEIE AOB Al NOB A= K ¥ A SZ il i 514 F

[ A& 4 AOB il NOB. £ 72 d 85 5%, AOB Al
NOB & FIiGPEA Bl i K. 1 R2 WEZE{UARIE
KR RBARAI AT, S8 B bR A9 (AOB) 1)
. SRR B R A A AR pH PR
HIFIE K HE FNA, % NOB F=A: 4l Rk, 755
RIEFRYBL, AOB I 1E BB (R R W 2 55, NOB (1)
M B g — AL T RIOKF.

B et NS =8 e iy w N I (E 172 3 A
#rHt AOB Bl FE M e R A — 3. X2
RPN BN i R 7K 2 RS A Sz AT Oy AR [
DI A S5 B A P A R A B MR ). ELAE DA



5 B R P R R N BB U B B A T RN Wy B B R 2003

LN A ) B AR SR B, AOB AE K 1 o 32 3] 7™ 5 1)
il , PR e KT M A AR ). SR, R & SR 57
W R2 K, o0 Hs A ] B B AR WA s g 4 4 R
15U AOB Fl NOB 3 SEAAHIE] {0 R2 i85t
R IR AR R BRIE O, AN Br LS AOB EK T
TE A, AOB FEALLFXHEOG KA 1 R1 (R A
R FURNAE 2 ) 2 BRACR, A A AR R &
TR BIREf IS AOB 28 ) — Beisf (] A YLk I I 354
RGNS AR K AW 25 mg- L' 2 %
1000 mg-L~" Ay #rp R1 IR K.
2.4.2 RUAEWENHENES

eI 1y WG W O N i €1 Y R
fese i R LR A TR PE A AR R K 25 5. R Al
R2 1 AOB, NOB {GHEMIRIAIE . e R ME M A e (i,
e 4 Fis. ARRTED, R1 A R2 A 325 U 1 B
B [R5 K AL BE ), =35 0 b il Ak T 1 e A — 2L
Zoat B ARG IR AR K E R g 2 1T S EHE R Y
AT A 2 AOB % PRI Bk, H i
K. HlF R2 728 £ FEL B P FNA XF
NOB F , ik — EAL TEAKE. Bk, 5%
Z R IE A RT S NOB #H HL, R2 (Y NOB
A KIG P R FR 0 47.59% . B, 24355010
AL S B ERR e I 1T, PN RV NOB 157 3]
il YEIR WL A E. HE T RL R A DO
Ko FA [RCEAMS], (175 AOB 7E 7/ FA BIFEHT,
WbE A Az B o, TR M R AR E 20
mg- (g-h) "' (PANH, -NIf) 247, B fe K& A b i
T 50% ;1M R2 (A GlE B FNA B9V E 28
0L N HXT AOB Bl % 0. 4 mg-L~",AOB
TEPEARSZ RG] P o 2 S A R AT i 5 45 7K
Vo SRR SAMTE AR 3 &5 EPR
o AP [E] A 45 SRS R1 &2 R2 v NOB Y TR 1444
ZHNSEAAME R T AOB HEHHED2 50% i R2

80 . 80
AOB i NOB 77 R1
: [JR2
. 60 160 _
= -
B 5
- =
£ =
5 40+ ] 440 @
5 P
- =
%] Z
20 ? 120 @

0 2 ]
IR ek RUEM PIMARIE B R
El4 R170R2 # AOB, NOB &L L

Fig. 4 Comparison of the activities of AOB and NOB in two reactors

o AOB 3 HA B s A Wi T
2.4.3  SCHLES WS AL R G e M LR

SRR IE BAA M N IR R R A RN AR
K AW E R F1 000 mg-L~", AOB fi¥ 3% P13k
B 5 A 5 il 5 SR BROAS ) 149 L T 42 ol 5 1 5 W A I
N} A AE SR 4 A AL 5 fa B AT I R vp, 7R R
FEME T AR RR 25 57, I IR 32 B D2 7 v 2 R 17 fof
T AT BRI SN, 7R e ] st B v ek
() 2 R il 2R, 2T TR 1 8 FA B8 FNA &%
AOB F1 NOB {7 A AR Rl g il 4/

RI SR 22 EAK DO Al FA 60U 10 i £
TSR E B AR A AL, H Y R R E B AT R,
AOB TG PEBAR . FA WRER &, RGAEAE AOB {5 1
SEAZ MR A B, Y AKK R & A AR Al ol <
W SR LR AR, RGN EMEIR R 5 32 B 52 .
—H FA WMk & R G AOB 1936 K 2 31 ™
HIH], AR LR G BT OR R
AOB G Ay B. Hyk NOB Xt FA A #0 i HAG 1 b
M, OB B K S AT IR SRR A A SR KR
Jail, M R1 B T EH 201 d, H FRGEBIKEN
TR | RSB D/, (45 i 0 4 PN 2 R AR A ot R Ok
55, 7450 pH JHim, FA W B2 T, DL, 7248
I FA R, AOB JiEPE5E 452 2N H] , 41 1 52 3 75 5%
YEFHBA 5. AAE 3 d B ) P9 R G 2 A AR TR P 2R
Ko, PRS2 P T T v S P S (0 P BKE A AN B T e
0 JEA B AT, RECAT . FISH Al & 91
PIE A, O ICHH B AR IE A, T DL i
il 3 AR XE LAV A

SR, 7E R2 i a7k A9 22 1% DO Al
15 FNA OBCE P 77 =X, 765050 0 A Ak S5 B aet 2
AOB FTE A SZ BP0, RIAE 3 80 2R G K AR 1k
ol BRI D ARG O, SRR pH S F RE N
FA MR BEA 2 K, U 2= PRI 2 A e At 72 i A
NF AOB TR P 15 B AR, St & BRI E I
N RGEIRERM. J A AR A3 WA AR g s 1T
B, R2 K451 AOB B3 M & T R1 R A%, 8
1= AOB i M A5 32 45 B 08 7K 32 — 5 Y Il 9 1) i
TR AR AL AL U 3 ) R G 2L,
J& , BT FNA W EEXT AOB if 4 A% 300 1 1 FH A4, B
RGN PR B FNA ¥ B o A2 B An sk
Yy AOB 3 R KIUFEIR , REEETTHL R HARE.

s AR AR B R Ak R B o B OFA (11,36
mg-L™") . FNA (0.033 mg-L™") &k DO ( <0.8
mg- L™ BEA I S8 T 5640 WAK AL, H7KNO, -N/



2004 2N 5%

F

2% 38 &

NH, -NFHIE K 1,32, 7] 4E g ANAMMOX 52 i i
K B K S R B e, R A B O e R IR
ASAE TR SBR SN #RHIFSE T80 AL Y381 T
Rt LS & Bl ) DO | B S AR Y
Fe (B, AT ff 2 B #% /K NO, -N/NH, -N 4% it
ANAMMOX S HE TR, e K pH #2158 7 M Al
Ay 2B i FN 5 FNA % AOB il NOB A~ [&] 417
HVE ARSI A Ak, T8 X HEAS [R5 235 SR K B
f5 FA | FNA JAK DO AR ] P 52 BER 73 I AiF AL
It AR IS & FUE DO s FNA XE )
FITF IS WA b R G0 S e FE R g fa e v,

3 HZig

K H Feed-batch J5=0iE/K BB~ SBR 2 N 4%,
DO K2 ~3 mg- L' JREEH35C £ 1CHHKRMT
BAER IR AL B, M kK & A E S R 1000
mg - L™ B, 4EREHEZK I (] 50 2% N AU NH, -N IR B2 4R
A 30 mg- L™ A4y, B A AR AT K 5] 999% L)
b, B NO,-N B B FEH#KEA R R 1
kge (m’-d) ""EISMET L 4ERE R B pH A 8.0 24T,
DO N 0.5 ~1 mg-L~" i@id FA Fil DO [ XU INH,
FN % H 7K NO, =N 27 4 BE Ry 466. 45 mg-L~",
NO, -N/NH,; -N#%3T 1. R2 7EFEK AR i 1
kg (m’+d) "B, 7E pH H 7.0 24, DO K 0.5 ~1
mg- L~ 50, 18 d FNA Fl DO (1 XL Al 280 T
FUEBINO, -NFRR | RN it 7K NO, -N-F- 343k Ji
519. 88 mg-L ™" ,NO, -N/NH, -N#%3iT 1. 07. FISH %%
SR T A SN S R IR NOB, B4 AOB. R
SRANTR o 1] SR s T 5 B0 %) e S Ak S N, R 45, 3l
A3 8 A% 1 4 o 2 18 52 B K R ANAMMOX
BEAK LR T ER NO, -NFINH, -NH (. EAEHE
Vi b 2 G ke o Ve 7 I AF TR R 22 5. AH TG
7 LMK DO FliEy FNA XU 2 A & 4L i) J5 , AOB
LN =T P By YA d i e o WO A S s = Bl 155 14
S fL R G S A5 R R e 1.

BT SR IS SR A 10 ) Y 22 T 5 DU K A B

Jm AR BB O

B E 3k

(1] SKIDR, 284, SRE i, S5 SERPIRONH IRIRE A SBR T
AL BAIK [ J]. P EIFREIRE, 2014, 34(8) : 1998-
2002.
Zhang G L, Li D, Zhang X J, et al. Research on the recovery

strategy for nitrosation at room temperature [ J ]. China
Environmental Science, 2014, 34(8) : 1998-2002.
Bartroli A, Carrera J, Pérez J. Bioaugmentation as a tool for

(2]

improving the start-up and stability of a pilot-scale partial

[12]

[13]

[14]

[15]

nitrification biofilm airlift reactor[ J]. Bioresource Technology,
2011, 102(6) ; 4370-4375.

Nittami T, Ootake H, Tmai Y, et al. Partial nitrification in a
continuous pre-denitrification submerged membrane bioreactor
and its nitrifying bacterial activity and community dynamics[J].
Biochemical Engineering Journal, 2011, 55(2) : 101-107.
AR, ARAC, wRH R, SF. BRSEI ) H o E] SRS SBR
REMALAY S [J]. F E R R, 2014, 34(5) . 1152-
1158.

Su D X, Li D, Zhang X J, et al. Effects of different ratios of
aeration time and anaerobic time on shortcut nitrification in the
intermittent aeration SBR[ J]. China Environmental Science,
2014, 34(5) . 1152-1158.

Beccari M, Passino R, Ramadori R, et al. Kinetics of
dissimilatory nitrate and Nitrite reduction in suspended growth
culture[ J ]. Journal ( Water Pollution Control Federation ),
1983, 55(1) : 58-64.

Turk O, Mavinic D S. Benefits of using selective inhibition to
nitrogen from highly nitrogenous [J].
Environmental Technology Letters, 1987, 8(1-12) . 419-426.
g, 22N, R, S pH ) A W RS B PR SN 6 58 4
WARILRIBIZE[ ], PREERI, 2007, 28(8) : 1720-1725.
Deng B, Li X M, Yang Q, et al. Complete nitritation process in

remove wastes

an biofilm moving bed system by controlling pH [ J].
Environmental Science, 2007, 28(8) : 1720-1725.

Ciudad G, Gonzdilez R, Bornhardt C, et al. Modes of operation
and pH control as enhancement factors for partial nitrification with
oxygen transport limitation [ J ]. Water Research, 2007, 41
(20) : 4621-4629.

LiHS, Zhou S Q, Huang G T, et al. Achieving stable partial
nitritation using endpoint pH control in an SBR treating landfill
leachate [ J ].
2014, 92(3) : 199-205.

MR, 24, B4, S FIRMRARMT SBR R Nidd
BRI ALBTSE[ ], FREERE:, 2008, 29(4) : 931-936.
Tian Z Y, Li D, Cao X S, et al. Partial nitrification in SBR
under normal temperature and limited oxygen condition [ J].
Environmental Science, 2008, 29(4) . 931-936.

BOGH:, Bk, RRE, 4. BT DO #1i| SE P SBR A FEAH
R[], PR LARAEHR, 2015, 9(6) : 2864-2868.

Qian G L, Shao Q, Lu C X, et al. Shortcut nitrification process

Process Safety and Environmental Protection,

controlled by dissolved oxygen in a sequencing batch reactor[ J].
Chinese Journal of Environmental Engineering, 2015, 9(6):
2864-2868.

Blackburne R, Yuan Z G, Keller J. Partial nitrification to nitrite
using low dissolved oxygen concentration as the main selection
factor[ J]. Biodegradation, 2008, 19(2) ; 303-312.

Hwang J H, Cicek N, Oleszkiewicz J. Effect of loading rate and
oxygen supply on nitrification in a non-porous membrane biofilm
reactor[ J]. Water Research, 2002, 43(13) : 3301-3307.
ek, WOKER, TR, SF. R R REAN AL S AL Y R
L)), FREERA2ER, 2009, 29(3) : 516-520.

Shang H L, Peng Y Z, Zhang J R, et al. The effect of
temperature on short-cut nitrification and denitrification[ J]. Acta
Scientiae Circumstantiae, 2009, 29(3) : 516-520.

KIIR, 24, sk R, A IRIRIREA SBR RS LERE
PERIATSE[ )], T EIREIRE, 2014, 34(3) : 610-616.
Zhang G L, Li D, Zhang X J, et al. Stability for shortcut
nitrification in SBR under low ammonia atlow temperature[ J].

China Environmental Science, 2014, 34(3) . 610-616.



B R P R R N BB U B B A T RN Wy B B R

2005

[18]

[19]

[20]

[21]

[22]

[26]

[27]

[28]

[29]

van Dongen U, Jetten M S, van Loosdrecht M C. The SHARON-
Anammox process for treatment of ammonium rich wastewater
[J]. Water Science and Technology, 2001, 44(1) : 153-160.
HhETE, R, 3, 45 BLFA 5 FNA 4R T
FEASALIA 30 SAERF[T]. PRERLE, 2009, 30(3) : 809-814.
Hang X Y, Zhang S J, Gan Y P, et al. Start up and maintain of
nitritation by the inhibition of FA and FNA[J].
Science, 2009, 30(3) : 809-814.

WA SR, Jrv, SF el S A AR £ 2L )
AR ], T EZ KK, 2007, 23(3) : 102-105.

Fan J H, Zhang C S, Fang Q, et al. Realization of simultaneous

Environmental

nitrification and denitrification via nitrite by controlling sludge age
[J]. China Water & Wastewater, 2007, 23(3) : 102-105.
BEe, B, KJeH SBR WAL RS M5 Jed [ T].
PR, 2004, 27(4) ; 111-113.

Wei C, Luo G Y. Acclimation in partial nitrification process of
long MCRT [ J]. Journal of Chongqing University, 2004, 27
(4): 111-113.

LG, WAL, R, A K 45 B I )X T e R L
it v LAY EEm g m )], BRI, 2006, 27
(9): 1862-1865.

LiHY, Zhang Y, Gao F, et al. Effects of hydraulic retention
time ( HRT)
community of conventional activated sludge ( CAS) [ J].
Environmental Science, 2006, 27(9) ; 1862-1865.

Villaverde S, Garcia-Encina P A, Fdz-Polanco F. Influence of
pH over nitrifying biofilm activity in submerged biofilters [ J ].
Water Research, 1997, 31(5) . 1180-1186.

Surmacz-Gorska J, Cichon A, Miksch K. Nitrogen removal from

on nitrification performance and microbial

wastewater with high ammonia nitrogen concentration via shorter
nitrification and denitrification [ J ].  Water Science and
Technology, 1997, 36(10) . 73-78.

Miinch E V, Lant P, Keller J. Simultaneous nitrification and
denitrification in bench-scale sequencing batch reactors [ J ].
Water Research, 1996, 30(2) . 277-284.

FRA, XV, I, & RmEARE T EYRARNE
A R A R MR R [T ). P2l IR R 2 2 4l
2000, 32(1): 1-3, 7.

Wang Z Y, Liu C X, Peng D C, et al. Study on the selection
process of nitrification in biological fluidized bed under high
concentration of ammonia [ J]. Journal of Xi’an University of
Architecture & Technology, 2000, 32(1): 1-3, 7.

Turk O, Mavinic D C. Maintaining nitrite build-up in a system
acclimated to free ammonia [ J]. Water Research, 1989, 23
(11) . 1383-1388.

Anthonisen A C, Loehr R C, Prakasam T B S, et al. Inhibition
of nitrification by ammonia and nitrous acid[ J]. Journal of Water
Pollution Control Federation, 1976, 48(5) : 835-852.

Ty, Ry, SR, S HEBRIGE S (OUR) RAET M
TG TE AT [ J]. FREERb 2244, 1999, 19(3) .
225-229.

Wang J L, Wu L B, Qi X, et al. Characterization of nitrification
activity of activated sludge by oxygen uptake rate (OUR)[J].
Acta Scientiae Circumstantiae, 1999, 19(3) ; 225-229.

Amann R I, Binder B J, Olson R J, et al. Combination of 16S
rRNA-targeted oligonucleotide probes with flow cytometry for
analyzing mixed microbial Applied &
Environmental Microbiology, 1990, 56(6) : 1919-1925.

Daims H, Brithl A, Amann R, et al. The domain-specific probe
EUB338 is

populations [ J ].

insufficient for the detection of all bacteria;

—
w
w

[

[34]

[40]

[41]

[42]

development and evaluation of a more comprehensive probe set
[J]. Systematic and Applied Microbiology, 1999, 22(3) ; 434-
444.

Mobarry B K, Wagner M, Urbain V, et al. Phylogenetic probes
for analyzing abundance and spatial organization of nitrifying
bacteria[ J]. Applied and Environmental Microbiology, 1997, 63
(2): 815.

Wagner M, Rath G, Amann R I, et al. In situ identification of
ammonia-oxidizing bacteria [ J J. and  Applied

Microbiology, 1995, 18(2) : 251-264.

Juretschko S, Timmermann G, Schmid M, et al.

Systematic

Combined
molecular and conventional analyses of nitrifying bacterium
diversity in activated sludge: nitrosococcus mobilis  and
Nitrospira-like bacteria as dominant populations[ J]. Applied &
Environmental Microbiology, 1998, 64(8) : 3042-3051.
Adamezyk J, Hesselsoe M, Iversen N, et al. The isotope array,
a new tool that employs substrate-mediated labeling of rRNA for
determination of microbial community structure and function[ J7].
Applied and Environmental Microbiology, 2003, 69(11) . 6875-
6887.

Daims H, Nielsen J L, Nielsen P H,

characterization of Nitrospira-like nitrite-oxidizing bacteria active

et al. In situ
in wastewater treatment plants[ J]. Applied and Environmental
Microbiology, 2001, 67(11) . 5273-5284.

Wagner M, Rath G, Koops H P, et al. In situ analysis of
nitrifying bacteria in sewage treatment plants[ J]. Water Science
and Technology, 1996, 34(1-2); 237-244.

KL, Tk, ARk, SF WA S AR K Ik
ARTRAR A S AT S BERE [J]. Tolkak 4L 2R, 2010, 30
(9): 1-4.

Wu Y M, Wan J B, Xiong ] H, et al. Research progress and
effect of free ammonia on the biological treatment of ammonium-
containing wastewater [ J]. Industrial Water Treatment, 2010,
30(9): 1-4.

Vadivelu VM, Yuan Z G, Fux C, et al. The inhibitory effects of
free nitrous acid on the energy generation and growth processes of
an enriched nitrobacter culture [ J]. Environmental Science &
Technology , 2006, 40(14) ; 4442-4448.

Schramm A, de Beer D, van den Heuvel J C, et al. Microscale
distribution of populations and activities of nitrosospira and
nitrospira spp. along a macroscale gradient in a nitrifying
bioreactor; quantification by in situ hybridization and the use of
microsensors [ J .

1999, 65(8) : 3690-3696.

Schramm A, de Beer D, Gieseke A, et al. Microenvironments

Applied and Environmental Microbiology,

and distribution of nitrifying bacteria in a membrane-bound
biofilm[ J ]. Environmental Microbiology, 2000, 2 (6): 680-
686.

Cho S, Fujii N, Lee T, et al. Development of a simultaneous
partial nitrification and anaerobic ammonia oxidation process in a
single reactor [ J ]. Bioresource Technology, 2011, 102 (2) .
652-659.

Groeneweg J, Sellner B, Tappe W. Ammonia oxidation in
nitrosomonas at NH; concentrations near K, effects of pH and
temperature[ J]. Water Research, 1994, 28(12) . 2561-2565.
TKEE, ZR4, WM, AR EIR T RSN EAN Ak YR 3 b
FE[J]. HEZKHEK, 2012, 28(17) : 21-25.

Zhang 7., 1i D, Zeng H P, et al. Start-up of pilot-scale partial
nitrification reactor under room temperature and reduced DO

conditions[ J]. China Water & Wastewater, 2012, 28(17) : 21-25.



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




